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High intensity focused ultrasound treatment of adenomyosis: a

comparative study

Qing Guo, Feng Xu, Zhenzhen Ding, Pan Li, Xinghai Wang and Bulang Gao

Department of Gynecology, The First Hospital of Shijiazhuang, Shijiazhuang, China

ABSTRACT

Objective: To compare the treatment efficacy and safety of high intensity focused ultrasound (HIFU)
on its own, HIFU combined with levonorgestrel-releasing intrauterine system (LNG-IUS) and HIFU com-
bined with gonadotropin-releasing hormone agonist (GnRHa).

Method: Seventy-eight patients with adenomyosis who underwent HIFU treatment were retrospect-
ively analyzed. Among them, 45 patients were treated only with HIFU, 15 patients were treated with
HIFU combined with LNG-IUS and 18 patients were treated with HIFU combined with GnRHa.
Dysmenorrhea scores, menstrual blood volumes, uterine volumes and adenomyotic lesion volumes
were evaluated 1, 6 and 12 months after HIFU.

Result: After treatment, dysmenorrhea score, menstrual blood volume, uterine volume and adenomy-
otic lesion volume significantly decreased in all three groups (p < 0.05). No significant difference was
observed among the HIFU group, HIFU with LNG-IUS group and HIFU with GnRHa group 1 month after
HIFU. However, 6 and 12 months after HIFU, dysmenorrhea score, menstrual blood volume, uterine vol-
ume and adenomyotic lesion volume decreased significantly more in the HIFU with LNG-IUS group
and HIFU with GnRH-a group than in the group treated with HIFU on its own (p < 0.05).

Conclusion: HIFU can be effectively used in the management of adenomyosis. Based on the results of
this study with a limited number of patients, our study suggested that combining HIFU with LNG-IUS
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or GnRHa may provide a superior clinical effect compared to HIFU treatment on its own.

Introduction

Adenomyosis is a benign disorder characterized by the pres-
ence of ectopic glandular tissue found in the muscular wall
of the uterus [1,2]. The main clinical manifestations include
progressive dysmenorrhea and hypermenorrhea. It also has a
great impact on the fertility of women. The traditional treat-
ments for adenomyosis include medicinal and surgical meth-
ods. Hysterectomy is the only definitive treatment for
adenomyosis, however, it is unviable for patients who wish
to remain fertile. Because the boundary of the adenomyotic
lesion is not clear, adenomyomectomy has proven effective
in only 50% of the patients. Uterine artery embolisation
(UAE) and medicinal treatments, including levonorgestrel-
releasing intrauterine systems (LNG-IUS), gonadotropin-
releasing hormone agonists (GnRH-a) and oral contraceptives,
have been used in the management of adenomyosis, but the
side effects of the treatments and the high recurrence of
adenomyosis after cessation of medicinal treatment have lim-
ited their effects [3,4]. Recently, high intensity focused ultra-
sound (HIFU), as a novel non-invasive technique, has
received attention in the treatment of adenomyosis.
Although HIFU has proven to be safe and effective in the
treatment of adenomyosis, symptom relief is only presented
in around 80% of the patients [5,6]. Is HIFU combined with

medicinal treatment able to achieve a higher symptom relief
rate and reduce the recurrence rate? The aim of this study
was to compare the treatment effects of the patients treated
with HIFU on its own, HIFU combined with LNG-IUS and
HIFU combined with GnRH-a.

Materials and methods

This study was approved by the ethics committee at the
First Hospital of Shijiazhuang. Informed consent was
obtained from every patient before HIFU treatment.

Patients

From January 2013 to January 2015, 78 patients with adeno-
myosis were enrolled in this study. The average age of these
patients was 41.62+4.98 (range: 28-51) years. Dysmenorrhea
pain scores ranged from 0 to 10 points; scores for menstrual
blood volume ranged from 3 to 5. Among them, 45 patients
were treated only with HIFU, 15 patients were treated with
HIFU combined with LNG-IUS and 18 patients were treated
with HIFU combined with GnRH-a. No patients had high
blood pressure, diabetes mellitus, hyperthyroidism, liver dis-
eases or kidney diseases in this study. No significant
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Table 1. Baseline characteristics of patients with adenomyosis treated with HIFU, HIFU combined with LNG-IUS or

HIFU combined with GnRHa.

HIFU alone (n=45) HIFU + LNG-IUS (n=15) HIFU + GnRH-a (n =18) p Value
Age (years) 4242 +5.09 39.33+4.30 41441474 0.23776
Lesion volume (cm®) 54196.00 + 7945.30 34427.79+10123.33 61667.14 + 12981.36 0.29050
Uterus volume (cm®) 150652.52 +12887.08 181083.73 £ 24597.88 175161.43 £19510.80 0.40002
Dysmenorrhea 7.93+230 8.00+2.45 8.39+1.94 0.66119
Menstrual volume 422+0.79 4.80+0.41 439+0.70 0.63340

difference was observed among the three groups in baseline
characteristics (Table 1) (p > 0.05).

Pre-HIFU preparation

Before HIFU treatment, the procedure of HIFU treatment was
clearly explained to the patients. Every patient was required
to undergo transvaginal ultrasonography and contrast-
enhanced magnetic resonance imaging (MRI). The volume of
the uterus and the adenomyotic lesion were measured on
contrast-enhanced TI1WI with a program to contour
adenomyotic lesions, which were then calculated using the
same program.

Every patient received careful bowel preparation before
HIFU treatment. The patients were required to ingest a
mixed fluid diet prior to the procedure, fast for 12h before
treatment and undergo a cleansing enema in the morning
prior to procedure. In the morning of the procedure, the
anterior abdominal wall from the umbilicus to the superior
border of the symphysis pubis was shaved. Degreasing and
degassing of the skin of the anterior abdominal wall were
performed. A urinary catheter was inserted to control blad-
der volume during treatment. A degassed water balloon was
used to push the bowel away from the acoustic pathway to
preventing bowel injury.

HIFU treatment

HIFU treatment was performed under conscious sedation
using the JC200 focused ultrasound tumor therapeutic sys-
tem (Chongging Haifu Medical Technology Co, Ltd,
Chonggqing, China). The frequency of the transducer operated
at 0.8 MHz, with a maximum sonication power of 400W.
Real-time ultrasound imaging was used to detect the
adenomyotic lesions and monitor the response to HIFU treat-
ment. Every patient was carefully positioned prone on a
HIFU table. Point scan was used to sonicate the lesion.
Sonication started from the inferior part to the superior part
and from the posterior part to the anterior part of the lesion,
with the focal point at least 1.5cm away from the endomet-
rium and 1cm from the margin of the adenomyotic lesion.
During HIFU treatment, the sonication power was adjusted
based on both patient feedback and grayscale changes on
ultrasonographic imaging. This process was repeated on a
section-by-section basis until the entire target lesion was
covered by hyperechoic changes. The comparison of pre-
HIFU and post-HIFU ultrasound gray scale level is presented
in Figure 1.

Post-HIFU MRI

Contrast-enhanced MRI was performed 1-3days after HIFU
to evaluate the nonperfused volume of the lesions. The vol-
ume of the uterus, the adenomyotic lesion and the nonper-
fused volume were measured on the contrast-enhanced
TIWI using a program to contour adenomyotic lesions,
which was then calculated using the same program.

LNG-IUS insertion and GnRHa administration

In the patients from the group treated with HIFU following
insertion of LNG-IUS, the LNG-IUS was inserted 1 month after
HIFU. In the group of patients treated with HIFU combined
GnRHa, GnRHa was administered three times. The first
GnRHa was given on the first day of the first menstruation
after HIFU. The interval between the two injections
was 28 days.

Follow-up

The follow-ups were conducted 1, 6 and 12months after
HIFU. The size of the uterus, the lesion volume and symptom
relief were evaluated. Ultrasound examination was used to
evaluate the changes in blood flow, uterus volume and lesion
volume before and after HIFU. The longest diameter (D,), left-
right diameter (D,) and anteroposterior diameter (Ds) of the
uterus were measured. The following formula was used to
calculate the uterus volume: V=0.5233 x D; x D, x D3. The
volume reduction rate is calculated as follows: Visual ana-
logue scale (VAS) score was used to evaluate the scale of
the dysmenorrhea. Pain intensity (0-10 score) was classified
by the following standard: no pain (0 points); slight pain
(1-3 points); pain that affects sleep (46 points) and severe
pain that is hard to bear and affects appetite and sleep
(7-10 points). Menstrual volume was measured using the
number of completely soaked sanitary napkins: less than
5 pieces (1 point); 6-10 pieces (2 points); 10-15 pieces
(3 points); 15-20 pieces (4 points) and more than 20 pieces
(5 points).

Statistical analysis

SPSS13.0 (SPSS Inc., Chicago, IL, USA) was applied to analyze
the result. Normal distribution data was indicated using the
format mean +SD. Abnormal distribution data were reported
as a median and interquartile range. One-way ANOVA ana-
lysis was applied when comparing variables between the
two groups. The Wilcoxon test and chi-square test were
applied for the analysis of the quantitative and enumerated
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Figure 1. Ultrasonography and MR imaging from a patient with adenomyosis.

A1. Pre-HIFU ultrasonography showed the hypoechoic lesion. A2. Real-time ultrasound imaging showed the significant grayscale change in the treated area. B1. Contrast-enhanced MRI
obtained before HIFU showed the enhancement of the diffuse adenomyosis. B2. MRI obtained one day after HIFU showed the nonperfused area of the lesion without damage to the sur-

rounding normal tissue.

Table 2. HIFU treatment parameters.

HIFU alone (n =45) HIFU 4 LNG-IUS (n=15) HIFU 4+ GnRH-a (n =18) p Value
HIFU average power 272.07 +7.34 277.21+17.78 308.11+12.41 0.05604
HIFU total energy 303510.29 + 18634.14 286285.07 +37205.88 327793.89 +26690.71 0.63340
NPV ratio 79.07 £0.08 84.20+0.12 78.44 +£0.11 0.156

data. A p value of less than 0.05 was defined as statistically
significant.

Results
Peri-procedure evaluation

As shown in Table 2, in HIFU treatment settings, no signifi-
cant difference was seen among the three groups (p > 0.05).
Using similar sonication power and delivering similar sonic-
ation energy to the adenomyotic lesions, the NPV ratio
(which was defined as the NPV divided by the volume of the
target lesion) was 79.27 £0.08% in the group treated with
HIFU on its own, 84.20+0.12% in the group treated with
HIFU combined with LNG-IUS and 78.4+0.11% in the group
treated with HIFU combined with GnRHa (p > 0.05).

Symptom improvement

Table 3 shows that the menstruational pain scores decreased
significantly 1, 6 and 12 months after HIFU treatment in all
the three groups (p < 0.05). We further compared the pain
scores at each follow-up point among the three groups and
found that there was no significant difference among the
three groups 1month after HIFU. The menstruational pain
scores in HIFU combined with LNG-IU and HIFU combined
with GnRHa were significantly lower than those of the
patients treated with HIFU alone (p < 0.05), but no significant
difference was observed between HIFU combined with LNG-
IU and HIFU combined with GnRH-a (p<0.05) 6 and
12 months after HIFU.

The menstrual volume scores were also significantly lower
1, 6 and 12months after HIFU in all the three groups
(p < 0.05) (Table 4). We further compared the scores of the
menstrual volume at each follow-up point among the three
groups and found that there was no significant difference
among the three groups 1 month after HIFU. The menstrual
volume scores in the groups treated with HIFU combined
with LNG-IU and HIFU combined with GnRHa were signifi-
cantly lower than those of patients treated with HIFU alone
(p<0.05), but no significant difference was observed in

scores of the menstrual volume between HIFU combined
with LNG-IU and HIFU combined with GnRH-a (p <0.05) 6
and 12 months following HIFU.

Changes of the uterine volume after HIFU

Table 5 showed that the volume of the uterus significantly
decreased 1, 6 and 12 months after HIFU in every group. The
uterine volume reduction rate 1 month after HIFU treatment
was 13.01+05.11% in the group treated with HIFU alone,
13.66 £4.05% in the group treated with HIFU combined with
LNG-IUS and 14.23+3.48% in the group treated with HIFU
combined with GnRHa. The uterine volume decreased by
22.06+£9.99%, 27.81+3.78% and 28.03+4.01% 6 months
after HIFU in the three groups, respectively. 12 months after
HIFU, the reduction rate of uterine volume was
30.42+15.3%, 38.47+3.39% and 39.55+5.53%. We further
compared the volume changes of the uterus at each follow-
up point among the three groups and found that there was
no significant difference among the three groups 1 month
following HIFU, but the volume of the uterus 6 and
12 months after HIFU were significantly lower in HIFU com-
bined with LNG-IU and HIFU combined with GnRH-a than
that in HIFU alone group (p < 0.05). No significant difference
was observed in uterine volume change between HIFU com-
bined with LNG-IU and HIFU combined with GnRH-a
(p <0.05) 6 and 12 months after HIFU.

The reduction rate of the adenomyotic lesion volume is
shown in Table 6. The volume of the adenomyotic lesion sig-
nificantly decreased 1, 6 and 12 months after HIFU in every
group. The reduction rate 1 month after HIFU treatment was
2527 +£10.40%, 23.81+3.33% and 23.99+2.62% in the
groups treated with HIFU alone, HIFU combined with LNG-
IUS and HIFU combined with GnRHa, respectively. The uter-
ine volume decreased by 31.72+12.68%, 42.52+19.15% and
37.23+531% 6months after HIFU in the three groups,
respectively. At 12 months after HIFU, the reduction rate of
uterine volume was 43.96+17.29%, 54.48+4.72% and
53.91+£3.66%, respectively, in the three groups. The reduc-
tion rate of the adenomyotic lesion volume 6 and 12 months
after HIFU in the groups of HIFU combined with LNG-IU and
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Table 3. Evaluation of treatment efficacy in patients with dysmenorrheal.

Follow-up time HIFU alone (n = 45) HIFU + LNG-IUS (n=15) HIFU 4 GnRH-a (n = 18) p Value
Pre-HIFU 7.93+£230 8.00+2.45 8.39+1.94 0.762
1 Month 296+ 1.21 2.80+0.56 290+0.58 0.865
6 Months 2.82+0.51 1.80 +£0.22* 1.89+0.21 0.000
12 Months 2.11+0.56 0.73+£0.18 0.72+0.16 0.000
p Value 0.000 0.000 0.000

Table 4. Evaluation of treatment efficacy in patients with menorrhgea after HIFU treatment.

Follow-up time HIFU alone (n=45) HIFU + LNG-IUS (n=15) HIFU + GnRH-a (n=18) p Value
Pre-HIFU 422+0.79 4.56+0.41 4.39+0.70 0.259
1 Month 3.14+0.46 293+0.51 2941042 0.128
6 Months 2.79+0.53 233+0.42 234+0.36 0.000
12 Months 2.62+0.53 2.07+£0.26 2.00+0.00 0.000
p Value 0.000 0.000 0.000

Table 5. Comparison of the uterine volume reduction rate after HIFU treatment.

Follow-up time HIFU alone (n =45) HIFU + LNG-IUS (n=15) HIFU 4 GnRH-a (n = 18) p Value
1 Month 13.01+£3.11% 13.66 +4.05% 14.23 +3.84% 0.551
6 Months 22.06 +£3.69% 27.81+£3.78% 28.03£4.01% 0.000
12 Months 30.42+£5.31% 38.47 £4.49% 39.55+5.53% 0.000
p Value 0.000 0.000 0.000

Table 6. Comparison of the shrinkage rate of the adenomyotic lesion after HIFU treatment in the

three groups.

Follow-up time HIFU alone (n=45) HIFU 4 LNG-IUS (n=15) HIFU 4 GnRH-a (n=18) p Value
1 Month 25.27 £4.45% 23.81+4.33% 23.99 +3.64% 0.228
6 Months 31.72£5.68% 42.52+6.65% 39.23£539% 0.000
12 Months 43.96 +7.38% 54.48 £5.72% 53.91+6.38% 0.000
p Value 0.000 0.000 0.000
HIFU combined with GnRH-a was significantly lower than combined  with  LNG-IUS. This patient recovered

that in HIFU group (p <0.05), but no significant difference
was observed between the group treated with HIFU com-
bined with LNG-IU and the group treated with HIFU com-
bined with GnRH-a 6 and 12 months after HIFU (p < 0.05).

Pregnancy post-HIFU

Three pregnancies were reported from the patients treated
with HIFU alone at 6 months after HIFU. Two of them had an
abortion, while the third patient delivered a healthy baby at
term. One patient from that group treated with HIFU follow-
ing with GnRH-a reported a pregnancy and had an abortion.
No pregnancy was reported from the group of patients
treated with HIFU combined LNG-IUS.

Recurrence

During the 12 month follow-up, recurrence occurred in three
patients between 5 and 8 months after HIFU in the group
treated with HIFU only. Two of them had hysterectomy, and
one patient had a second session of HIFU treatment. No
recurrence occurred in the other two groups of patients.

Adverse effects

No HIFU related severe adverse effects such as skin burn, leg
pain and hematuresis occurred in this study. Vaginal bleed-
ing occurred in one patient in the group treated with HIFU

3 months later.

In the group of patients treated by HIFU combined with
GnRH-a, all the patients had amenorrhea during treatment.
Normal menstruation recovered within 2 months after drug
withdrawal. Also in this group, three patients reported mood
changes, hot flashes, night sweats, insomnia and loss of sex-
ual desire during administration of GnRHa.

Discussion

As a non-invasive treatment technique, HIFU has been widely
used to treat patients with adenomyosis in China. Over the
last few years, many studies have demonstrated that HIFU is
a safe and effective treatment for adenomyosis [7,8]. The pre-
vious studies also found that around 20% of the patients did
not show symptom relief, and the recurrence rate was high
[7,9]. Therefore, it is important to explore if HIFU combined
with other treatment could achieve a higher symptom relief
rate and reduce the recurrence rate.

LNG-IUS is a T type intrauterine device containing proges-
terone. It works by constantly and slowly releasing progester-
one to reduce the menstrual blood volume and the
menstruational pain [10,11]. Abou-Setta et al. reported that
inserting LNG-IUS after a conservative operation could
reduce the recurrence of adenomyosis [12]. In this study, 15
patients used LNG-IUS after the first menstrual cycle
post-HIFU.



GnRHa is a gonadotropin-releasing hormone agonist.
Previous studies have shown that GnRHa had a remarkable
analgesic effect on adenomyosis, and the recurrence rate of
adenomyosis can be effectively reduced [13-15]. In this
study, a subcutaneous injection of GnRHa was given to the
patients after HIFU, once every 28 days for 3 months.

Our results showed that HIFU treatment is effective in
treating patients with adenomyosis. In this study, we found
that the average menstruation pain score and the menstru-
ation volume were significantly lower 1, 6 and 12 months
after HIFU treatment. The volume of the adenomyotic lesion
and the volume of uterus were also significantly lower at the
same follow-up intervals after HIFU treatment. We further
compared the menstruation pain score and the menstruation
volume score at different follow-up intervals among the
three groups and found that the scores in the groups treated
with HIFU combined with LNG-IUS and HIFU combined with
GnRHa were significantly lower than those of patients in the
group treated with HIFU alone. We also found that the uter-
ine volume reduction rate and the adenomyotic lesion vol-
ume reduction rate in the group treated with HIFU
combined with LNG-IUS and the patients treated with HIFU
combined with GnRHa were significantly higher than those
rates of the patients in the group treated with HIFU alone.
Our results also showed that the recurrence was only
observed in the group treated with HIFU alone. Therefore,
LNG-IUS or GnRHa combined with HIFU could improve the
long-term results of HIFU treatment in patients with
adenomyosis.

In this study, no HIFU-related severe adverse effects
occurred. One patient in the group treated with HIFU com-
bined with LNG-IUS reported vaginal bleeding 3 months after
inserting the LNG-IUS. This vaginal bleeding could be
explained by the side effects of Mirena [16]. The patient
recovered 3 months later without any specific treatment. In
the group of patients treated with HIFU combined with
GnRHa, three of them reported night sweat and emotion
change because GnRHa lowers the estrogen level through
adjusting the systemic hormones. No other adverse effects
were observed. Therefore, HIFU combined with LNG-IUS or
GnRHa is safe in the management of adenomyosis.

This study is limited because it is a retrospective study
and the non-randomization of patients may cause result bias.
Another limitation of this study is that the number of sub-
jects is small and the follow-up time was short. A prospective
study with a large number of randomized patients
is required.

Conclusions

In summary, our study indicated that the combined treat-
ments are safe and the symptom relief rate and the reduc-
tion rate of uterus and adenomyotic lesions seem to be
higher than those of the group treated with HIFU alone.
The combined treatments can also reduce the recurrence
rate more significantly than HIFU on its own can. Between
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the two groups treated with HIFU combined with LNG-IUS
and GnRHa, no significant difference was observed in symp-
tom relief and the uterus and lesion volume reduction. LNG-
IUS releases hormone locally, so it has less systemic adverse
effects. A prospective study with a large number of random-
ized patients is required.
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