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Abstract: Objective: The aim of this study was to evaluate the efficacy, safety and sexual life quality outcomes of 
ultrasound-guided high-intensity focused ultrasound (HIFU) ablations for the treatment of patients with symptomatic 
adenomyosis and uterine volumes >200 cm3. Methods: In our prospective clinical trial 47 patients with uterine vol-
umes >200 cm3 and symptomatic adenomyosis were treated with single treatment sessions of ultrasound-guided 
HIFU ablations. Beside uterus and adenomyosis lesion size reductions, outcome measures were symptom sever-
ity score (SSS), visual analogue scale (VAS) of dysmenorrhea, female sexual function index (FSFI) scores and the 
incidence of complications. Results: In all 47 patients, the adenomyosis lesions sizes were significantly reduced 
12 months after the interventions (P<0.01). The SSS and dysmenorrhea VAS scores were significantly reduced 12 
months after the interventions (P<0.01) and the FSFI scores gradually improved during 12 months after the HIFU 
ablations (P<0.001). No serious complication occurred. Conclusion: Ultrasound-guided HIFU ablation is a safe and 
effective noninvasive alternative for the treatment of uterine volumes >200 cm3 with symptomatic adenomyosis. 
Particularly maintaining the integrity of patients’ uteri leads to significant FSFI score improvements, which were es-
sentially reduced before the HIFU treatments.

Keywords: High-intensity focused ultrasound, adenomyosis, symptom severity score, female sexual function index, 
and dysmenorrhea 

Introduction

Adenomyosis is a benign female disease, which 
is caused by the presence of ectopic endome-
trial glands and stroma in the myometrium and 
frequently affects 30-50 years aged women 
[1]. Approximately 70% of the patients present-
ing with varying extents of clinical symptoms, 
such as increased amount of menstrual blood 
loss, prolonged menstruation and gradually 
aggravated dysmenorrhea, which may lead to 
sterility or recurrent pregnancy loss. Ade- 
nomyosis related uterus enlargements cause 
pelvic pain, dysmenorrhea and equally disturbs 
patients’ micturition and defecation, thereby 
severely affecting patients quality of life [2]. 
Common treatments include surgical or medi-
cal approaches. Traditional surgeries include 
laparoscopic myomectomy [3] and hysterecto-
my [1], the later one merely used for elderly 

patients without fertility desire. Medical thera-
pies, such as danazol and GnRH-a have been 
applied in treating young populations with 
desire for fertility, which lead to temporary alle-
viation lasting <6 months. However, it has sev-
eral limitations, such as long period of treat-
ment, severe adverse events and frequent 
recurrence [4]. 

Since minimally invasive surgical techniques 
had limited success in the treatment of adeno-
myosis, techniques including uterine artery 
embolization (UAE) and radiofrequency ablation 
were developed, but there is no common sense 
on which treatment is most suitable [5]. 

Since 1990s, HIFU has been introduced into 
China as a novel noninvasive treatment of hys-
teromyoma with good clinical efficacy [6]. HIFU 
utilizes the beam-convergence features, good 
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penetrability in human tissues and sound 
absorption characteristics of frequency ultra-
sound. It transforms energy of sound absorp-
tion into heat energy raising temperatures to 
thresholds of protein denaturalization between 
60 and 100°C and lead to coagulative necrosis 
in the target area, whereas does not destroy 
surrounding tissues. The necrotic tissues after 
HIFU can be gradually absorbed, which leads to 
alleviating or allaying of clinical symptoms and 
physical signs, thereby attaining the purpose of 
a noninvasive therapy for the disease [7]. In 
this prospective clinical trial, the outcomes of 
HIFU treatments for adenomyosis patients with 
a uterine size exceeding 200 cm3 were ana-
lyzed particularly regarding their sexual life 
qualities. 

Patients and methods

Patients

This research was approved by the ethic com-
mittee of the Chongqing Medical University and 
informed consents were provided by each par-
ticipating patient. A total of 51 adenomyosis 
patients with a uterine size >200 cm3 admitted 
to Haifu Hospital of the First Affiliated Hospital 
of Chongqing Medical University between 
January and December 2012 were enrolled in 
this study. All patients were between 25 and 
51, (37.43±5.08) years old. Mean body mass 
index was (21.98±1.68) kg/m2 and pre-inter-
ventional MRIs revealed that the median uterus 
size was 323.5 cm3 (P25 244.48 cm3 and P75 
444.56 cm3). The median volume of adenomy-
otic lesions was 102.16 cm3 (P25 69.1 cm3 and 
P75 187.47 cm3).

Inclusion criteria were: 1. Adenomyosis diagno-
sis was confirmed by at least two gynecologists 
and HIFU physicians according to clinical mani-
festations and Magnetic Resonance Imaging 
(MRI). 2. Patients were aged >18 years. 3. 
Patients received no medical treatments at 3 
months prior to surgery. 4. Patients with adeno-
myosis with a diameter above 3 cm, located at 
unilateral uterine muscle walls with surgical 
indications, had desire to receive treatments 
and complied with 12-month follow-up. 5. 
Patients could accurately communicate with 
physicians and nurses during treatment. 6. 
Patients had no other complications, such as 
heart disease, hypertension and others. 7 
Patients aged <51 years, their spouses were 

alive and had normal partner relationships 
(divorced and widowed subjects were exclu- 
ded). 

Exclusion criteria were: 1. Acute pelvic inflam-
mation or acute episodes of chronic pelvic 
inflammation. 2. Patients during menstruation, 
pregnancy and lactation periods. 3. Connective 
tissue illnesses or received abdominal radio-
therapy with a large dosage. 4. Patients which 
had undergone enhanced MRI and had anes-
thetic contraindications. 

Treatment procedures and medical equipment

Pre-treatment preparation: Patients were told 
to have mild and digestible soft diets for intes-
tine preparation at 3 d before surgery. At 2 d 
before intervention, patients received 30 g 
Folium Sennae boiled in water until the inci-
dence of diarrhoea. At 1 d before treatment, 
patients took orally compound PEG electrolyte 
cathartics (1500-2000 ml) and had water at 
the night before treatment and the day of treat-
ment. Before treatment, urine was discharged 
by a catheter, which was kept in the patients 
during the procedure. At 30 min before treat-
ment, removal of skin hair as well as degreas-
ing were conducted to avoid the influences on 
the acoustic pathway.

MRI determinations: Procedures were per-
formed with a Magnetom Symphony 1.5T MRI 
Tim system (Magnetom Espree, Siemens 
Medical Solutions, Germany). MRI sequences 
and scan parameters included T1-weighted 
spin-echo sequences, T2-weighted spin-echo 
sequences and enhanced T1-weighted gradi-
ent-echo sequences. The pelvis enhanced MRI 
examinations were performed before and 1 
week as well as 12 months after the treat-
ments. Pre-intervention MRIs evaluated the 
size and location position of lesions (anterior or 
posterior wall). The volume of lesions and uteri 
were evaluated by 3D diameters of target 
lesions including long diameter (D1), anterior 
and posterior diameters (D2) and horizontal 
diameters (D3), which were measured by 
T2-weighted imaging. The volume of the lesion, 
lesion ablation (Non-Perfused Volume (NPV)) 
and the uterus was calculated from the ellip-
soid formula: V=0.5233×D1×D2×D3. 

HIFU application: The Model-JC200 Focused 
Ultrasound Tumor Therapeutic System (Chong- 
qing Haifu Medical Technology Co., Ltd., Chong- 
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qing, China) was used with adjustment to a 1.5 
mm ×1.5 mm ×8 mm, spheroid-shaped focal 
region with a long axis of 8 mm and a short axis 
of 3 mm. Patients were kept in a prone posi-
tion, the treated skin was soaked in low tem-
perature water, the urine catheter was retained 
and bladder perfusion was conducted. 
Degassed water sacs were pressed on the 
abdominal wall for pushing away the intestine, 
ensuring no intestine tissues within the acous-
tic pathway. Injection of sufentanil citrate and 
midazolam was performed according to 
patients’ constitution and weight until a Ramsay 
score of 2-3 was obtained, which ensured that 
patients could tolerate the discomforts related 
to the treatment, maintain adequate cardiopul-
monary function, provide suitable responses to 
verbal stimulus but maintained in an effective 
analgesia and sedation status. 

Ablation was performed in a dot exposure pat-
tern with a therapeutic power of 300-400 W. 
Intra-interventional real-time ultrasound was 
used to monitor and evaluate the efficacy. The 

distance between focus and endometrium was 
≥15 mm and ≥15 mm between focus and uter-
ine serosa. The distance between treated lay-
ers was 5 mm. The treatment was discontinued 
in case of lump-shaped gray changes or overall 
gray changes without significant blood signal 
within the lesions immediately after color 
Doppler ultrasound detection. 

Outcome evaluations: MRI derived blood perfu-
sion and lesion sizes were observed by 2-3 
gynecologists with the same equipment and 
fixed parameters before and 1 week as well as 
12 months following the therapy. All patients 
filled SSS [8] questionnaires before and 3-, 6- 
and 12-month following the treatments includ-
ing 8 items: increased amount of menstrual 
blood loss, menstrual blood clotting, prolonged 
menstruation, menstrual disorders, pelvic tight-
ness/pressure, frequent urination during day 
and night times, fatigue. VAS scores [9] of dys-
menorrhea was adopted to compare the allevi-
ation of dysmenorrhea symptom before and 
after treatment. The Female Sexual Function 

Figure 1. Representative MRI imaging of uterine adenomyosis before and 1 week after HIFU treatment. Arrows = 
endometrium. A. T2WI at 2 d before HIFU. The area of the white line indicates a lesion. B. Enhanced T1WI at 1 week 
after HIFU. The dark shadow shows the area of lesion ablation (Non-Perfused Volume (NPV)). The percentage of NPV 
in this patient was 76%.

Table 1. Volume comparisons of uterus and adenomyotic lesion before and 12 months after HIFU
Before treatment (n=51) 12 m post-treatment (n=47)

Size of uterus (cm3) 323.5 (P25 244.48, P75 444.56) 252.33 (P25 192.02, P75 340.15)*
Size of adenomyosis lesion (cm3) 102.16 (P25 69.1, P75 187.47) 71.5 (P25 48, P75 132.42)**
*P<0.01, **P<0.01. 
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Index (FSFI) [10] with 19 items was employed 
as questionnaire including the following 6 
domains: desire, subjective arousal, vaginal 
lubrication, orgasm, satisfaction and pain. 

Immediate evaluation of adverse reactions 
after HIFU included patients’ physical signs, 
treated skin, the sacrococcygeal region as well 
as presence of vaginal secretion and limb activ-
ities. Subsequent follow-up adverse reactions 
were monitored at 1 month after intervention. 

Statistical analyses: SPSS statistics for win-
dows (Version 17.0. Chicago: SPSS Inc.) was 
employed for all analyses. Data with normal 
distribution were expressed as mean ± stan-

dard error (x ± SD) and otherwise as median [M 
(P25, P75)]. Student’s t-tests were used for 
analyzing the data of the lesion changes and 
uterine volumes. Independent sample Kruskal-
Wallis test was used for the SSS and VAS and 
FSFI scores. A value of P<0.05 was considered 
as statistically significant. 

Results

Clinical outcomes of HIFU ablations for adeno-
myosis

Fifty-one adenomyosis patients successfully 
received HIFU ablations. Two patients were lost 
during follow-up and 2 became pregnant, 

Figure 2. Representative MRI images before and 12 months after HIFU ablation. A. T2WI before HIFU. B. T2WI at 12 
months after HIFU, showing 35% and 62% shrinkage in the size of the uterus and adenomyosis lesions, respectively. 
The area of the white line indicates a lesion.

Table 2. SSS and VAS scores of dysmenorrhea before and 3, 6 and 12 months after HIFU ablation
Pre-treatment 

(n=51)
3 m post-treatment 

(n=51)
6 m post-treatment 

(n=47)
12 m post-treatment 

(n=47)
Total SSS 36.66±19.44 24.60±13.88 18.18±11.63*** 12.95±10.31***

Heavy menstrual bleeding 7.25±3.72 5.0±2.92* 3.61±2.52*** 2.57±2.23***

Blood clotting 5.99±3.85 3.85±2.75* 2.66±2.18*** 1.66±1.58***

Fluctuation of menses durations 4.22±3.92 2.76±2.41 2.01±1.75** 1.51±1.4***

Fluctuations of menses intervals 3.52±3.23 2.25±1.93 1.66±1.34** 1.23±1.14***

Pelvic tightness/pressure 8.34±2.61 5.01±2.18*** 3.44±2.01***,▲ 2.46±2.04***

Daytime urination 1.99±1.31 1.49±0.7 1.35±0.94*** 0.97±0.6***

Nighttime urination 1.72±0.46 1.42±0.52 1.29±0.85*** 0.93±0.55***

Fatigue 3.63±2.47 2.82±2.08 2.16±1.76** 1.62±1.42***

Dysmenorrheal VAS 6.67± 1.6 4.75 ±1.7*,*,* 3.10±1.26***,▲▲ 1.86±1.18***

*P<0.05, **P<0.01, ***P<0.001 compared to pre-treatment scores; ▲P<0.05, ▲▲P<0.01 compared to scores of the last previous 
follow up.
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whereas 47 patients completed the follow up. 
Most cases presented with diffusive lesions. 
The area of lesions was calculated from the 
uterus wall at which the lesions were located. 
To guarantee the normal uterus wall function, 
complete ablation was not performed. All 
patients were subjected to enhanced MRI at 1 
week after HIFU treatments (Figure 1) and no 
significant blood perfusion within the lesions 
occurred. Following HIFU ablation, the inci-
dence of coagulative necrosis was 100%, the 
median NPV was 72.5 cm3 (42.89 cm3 and 
137.3 cm3) and the ablation rate achieved 
(61.36±17.72%). 

Imaging of lesions during follow-up

Color Doppler ultrasounds were conducted 
immediately after HIFU ablations and revealed 
no significant blood signal within the lesions. 
MRI was performed before and 12 months 
after HIFU treatment to measure and calculate 
the volume and reduction rates of the lesions. 
At 12 months after HIFU ablation, the uterine 
size was decreased by 22% and the volume of 
lesions declined by 30% with statistical signifi-
cance (P<0.01), as illustrated in Table 1; Figure 
2. 

SSS and VAS grading of dysmenorrhea

SSS of 8 domains including increased amount 
of menstrual blood loss, menstrual blood clot, 
prolonged menstruation, menstrual disorders, 
pelvic tightness/pressure, frequent urination 
during daytime and night, fatigue and VAS 
scores of dysmenorrhea before and 3, 6 and 
12 month after HIFU intervention are shown in 
Table 2. SSS scores at 3, 6 and 12 month after 
HIFU ablation decreased by 33%, 50% and 
65%, respectively. Heavy menstrual bleeding 

and blood clotting decreased significantly by 
31% and 36% (P<0.05), whereas pelvic tight-
ness/pressure and dysmenorrheal VAS scores 
decreased by 40% and 29% (P<0.001) already 
at 3 month after interventions. All scores 
reached decreased values with P<0.01 or 
P<0.001 significance at 6 months after HIFU 
treatments and at 12 months all scores were 
significantly less than before treatment with P 
values <0.001 (Table 2).

FSFI grading

The scores of desire, subjective arousal, vagi-
nal lubrication, orgasm, satisfaction, pain and 
overall FSFI score before and 3, 6 and 12 
months after HIFU ablation are shown in Table 
3. All items improved significantly until the 3rd 
month after treatments, further improved to P 
values of <0.001 at the 6th post-interventional 
month and became slightly better until 12 
month after HIFU treatments, but without sta-
tistical significance compared to the 6th month 
scores (Table 3).

Adverse events

The degree of adverse reactions after adeno-
myosis treated with HIFU did not exceed the 
classification B from the society of intervention-
al radiology (SIR) [11]. After the treatments 44 
patients (86.28%) had adverse events and 37 
cases (72.56%) complained of lower abdominal 
pain, from which 4 had severe pain in the night 
after surgery, which was allayed after injection 
of dolantin. One patient still had abdominal dis-
tention at 14 d after surgery. She was left 
untreated but the symptoms were alleviated 
after the 1st post-interventional menstruation. 
Four (7.84%) patients presented with sacrococ-
cygeal pain after the interventions, which was 

Table 3. FSFI scores before and 3, 6 and 12 months after HIFU ablations
Pre-treatment 

(n=51)
3 m post-treatment 

(n=51)
6 m post-treatment 

(n=47)
12 m post-treatment 

(n=47)
Desire 2.96±1.5 3.43±1.3*** 4.02±1.4***,▲▲▲ 4.52±1.46***

Arousal 3.43±2.72 4.37±3.18** 5.01±2.24***,▲▲▲ 5.57±2.25***

Lubrication 3.94±3.33 4.55±4.11* 5.14±2.94***,▲▲ 5.54±2.78***

Orgasm 3.39±3.03 3.72±2.99* 4.24±1.77***,▲▲▲ 4.63±1.96***

Global satisfaction 3.49±3.08 3.84±3.11* 4.47±2.05***,▲▲▲ 4.95±1.47***

Pain 3.56±3.15 4.02±3.22* 4.53±2.06***,▲▲ 5.12±2.67***

Total FSFI 20.77±1.26 23.93±2.19** 27.41±2.65***,▲▲ 30.33±2.89***

*P<0.05, **P<0.01, ***P<0.001 compared to pre-treatment scores; ▲▲P<0.01, ▲▲▲P<0.001 compared to scores of the last 
previous follow up. 
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significantly allayed after 3-5 d administration 
of non-steroidal anti-inflammatory drugs. 
Twenty-five cases (49.02%) had a slight amount 
of vaginal hemorrhage secretions, which lasted 
for 3-7 days. Nine women (17.65%) had mild 
degree of abnormal movement function of the 
lower extremity, mainly characterized as lower 
extremity numbness and hypodynamia, 3 
among whom were alleviated after intravenous 
injection of electrolytes. One patient (1.96%) 
had urethral irritation after HIFU ablation, which 
was allayed after 3 days by drinking more water 
and frequent urination. At 14 d after ablation 
five patients (9.8%) discharged vaginal fluid 
without treatment, which was alleviated after 
the first menstruation. No serious complica-
tions, such as nerve injury, bladder injury, intes-
tinal perforation, skin burn or others were 
observed. 

Discussion

Initial reports noted, that HIFU for the treat-
ment of adenomyosis gained favorable clinical 
efficacy with high safety [12, 13]. The results in 
this study revealed that the mean uterine size 
and the volume of lesions significantly 
decreased by 22% (P<0.05) and 30% (P<0.01) 
at 12 month after HIFU ablations (Table 1). The 
data are similar to values reported by Fan et al. 
(23.8% and 26.1%) with MRI-guided HIFU treat-
ments for adenomyosis, but in their setting the 
pre-interventional uterus and adenomyosis 
lesion sizes were smaller than in our study [14]. 
In contrast to the report from Zhang et al. [15] 
which only noted improvements of menorrha-
gia and dysmenorrhea after HIFU interventions, 
we found significant improvements of SSS 
scores from 8 domains as well as VAS scores of 
dysmenorrhea at 6 and 12 months after HIFU 
treatments. This study showed that HIFU abla-
tion could effectively allay particularly dysmen-
orrhea and other clinical symptoms of adeno-
myosis patients with a uterus size above 200 
cm3. Previous research revealed that female 
patients diagnosed with myomas and an uter-
ine size >200 cm3 had more pain, less satisfac-
tion and lower FSFI scores during copulation 
compared with healthy women [16]. In addition, 
patients with adenomyosis are generally more 
likely to have copulation difficulties, probably 
resulting from the damages and expansions of 
surrounding tissues, which lead to dyspareunia 
and lower satisfaction [17]. HIFU ablation is an 
alternative option for adenomyosis treatments, 
which maintains the integrity of patients’ uteri 

[15] and we hypothesized that it might also 
restore sexual live quality, since uterus sparing 
surgery was reported to be associated with a 
greater improvement in sexual function after 
pelvic organ prolapses [18]. Besides, patients 
with adenomyosis tend to lower self-evalua-
tions and divert more attention to their disease 
rather than to the sexual life [19]. 

In this study, we observed that adenomyosis 
patients with a uterine size >200 cm3 had lower 
FSFI scores and more sexual function barriers 
compared with normal women. The scores of 
desire, subjective arousal, vaginal lubrication, 
orgasm, satisfaction and pain were all signifi-
cantly increased at 3, 6 and 12 month after 
HIFU interventions. The main improvements 
took place until 6 months and predominantly 
developed between 3rd and 6th months follow-
ing the HIFU ablations, whereas did not signifi-
cantly change between 6 and 12 months after 
treatments, indicating that disturbances of 
sexual life was caused by adenomyosis and 
could be reversed by HIFU interventions in a 
relative short period.

During HIFU application, most adverse reac-
tions of adenomyosis are caused by hyperther-
mic effects. To guarantee therapeutic efficacy 
of a HIFU intervention and prevent the inci-
dence of complications, sound intensity and 
temperature variability can be utilized to prop-
erly reduce treatment power and extend radia-
tion time, which collectively ensure that the 
total dose keeps unchanged with therapeutic 
safety and decrease of adverse event incidenc-
es. In this study, 37 (72.56%) of the patients 
complaint lower abdominal pain, which was 
treated with dolantin in 4 and maintained until 
the 14th post-interventional day in 1 patient, 
but also disappeared then after the 1st men-
struation following the HIFU ablation. Other 
adverse events included slight vaginal hemor-
rhages (49.02%), mild lower extremity numb-
ness and hypodynamia (17.65%), vaginal fluid 
discharge (9.8%) as well as sacrococcygeal 
pain (7.8%), which disappeared after conven-
tional treatments or without treatments after 
the 1st post-interventional menstruation. In this 
clinical trial, no severe surgical complications, 
such as nerve injury, bladder injury, intestinal 
perforation and skin burn occurred, indicating 
that HIFU ablation is a safe treatment for 
adenomyosis.

In summary, HIFU ablation for uterine adeno-
myosis is a safe treatment leading to significant 
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reductions of uterus and adenomyosis lesion 
sizes, which reflected in substantial mitigation 
of SSS and dysmenorrheal VAS scores. In addi-
tion, the improvements were accompanied by 
significant augmentations of FSFI scores, which 
were essentially diminished in the adenomyo-
sis patients before the treatments.
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