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High-intensity focused
ultrasound for endometrial
ablation in adenomyosis: a
clinical study

Siyun Wu', Jun Liu', Xiaoshan Liu and Yanhua Han*

Department of Obstetrics and Gynecology, Zhongshan City People’s Hospital, Zhongshan, China

Objective: The present study aimed to investigate the clinical efficacy of endometrial
ablation with high-intensity focused ultrasound (HIFU) for symptom relief in women
with adenomyosis.

Methods: Between July 2014 and July 2020, 167 patients with adenomyosis
treated at the Zhongshan City People's Hospital were enrolled in this study.
Patients were divided into two groups according to patient aspirations: the
control group, including patients who only underwent ablation of adenomyosis
lesions (group A) and the treatment group, including patients who underwent
removal of adenomyosis lesions and endometrial ablation (group B).

Results: The reduced dysmenorrhea scores (visual analog scale) and menstrual
volume scores (pictorial blood assessment chart) were measured before and after
treatment. The scores were obtained by subtracting the postoperative scores from
the preoperative scores and were compared to determine whether the symptoms
had alleviated. Compared with the menstrual volume of group A, that in group
B showed significant improvements. The average relief rates of dysmenorrhea
in the two groups also showed significant improvement. However, the scores in
group B showed a more significant improvement than those in group A.

Conclusion: Therefore, our findings suggest that endometrial ablation using HIFU
may be superior to conventional therapy with regard to alleviating the symptoms of
increased menstruation in women with adenomyosis.

KEYWORDS

high-intensity focused ultrasound, magnetic resonance imaging, adenomyosis,
endometrium, dysmenorrhea

1 Introduction

Adenomyosis is a benign uterine disease characterized by invasion of the endometrial
glands and stroma in the uterus. It is a very common gynecological disorder that affects people
of reproductive age and compromises their quality of life. This condition is frequently the
underlying cause of dysmenorrhea, menorrhagia, and urinary dysfunction and can impact
fertility. The distinguishing factors of magnetic resonance imaging (MRI) in adenomyosis
include a focal or uneven width of the junction zone, low signal intensity in the junctional
zone, high signal spots on T2-weighted images scattered within the junctional zone during
hemorrhage, and unclear zone margins (1).

Traditionally, adenomyosis has been treated medically or surgically. Currently,
hysterectomy is the only curative treatment for adenomyosis. The boundary of the adenomyotic
lesion is unclear, making it difficult to completely remove the lesions. Conservative surgery,
i.e., adenomyomectomy, has proven to be effective only in approximately 50% of patients, and
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the recurrence rate is very high (2). In addition, there is no specific
treatment for patients who wish to retain their uterus or remain fertile.
Thus, it is important to explore effective, safe, and less invasive
treatment strategies for these patients.

Uterus-conserving treatment of adenomyosis is a clinical
challenge, and the margins of adenomyotic lesions are often
ill-defined, posing difficulties for surgical resection. High-intensity
focused ultrasound (HIFU), an emerging non-invasive treatment,
features good tissue penetration and can induce coagulation necrosis
of the targeted lesion. It does so through thermal and biological effects
caused by the instant temperature increase from energy generated by
ultrasound waves focused on the target within the body (3). Although
it is difficult to ablate adenomyotic lesions completely using HIFU, this
treatment causes little to no injury to the normal surrounding tissue.
HIFU has been used to treat patients with symptomatic adenomyosis.
Recently, several studies have investigated the role of HIFU in
adenomyosis treatment; it has been shown to be safe and effective (4).
However, most studies have focused on patients with dysmenorrhea,
rather than on patients with menorrhagia. Therefore, the present study
aimed to investigate the clinical efficacy of endometrial HIFU ablation
for symptom relief in patients with adenomyosis.

2 Materials and methods

2.1 Patients

Between July 2014 and July 2020, 167 patients with adenomyosis
were treated at Zhongshan City People’s Hospital and were enrolled in
this study. The diagnosis of adenomyosis was confirmed using
preprocedural MRI. All patients signed an informed consent form
before HIFU treatment. Patients were divided into two groups
according to the patients’ treatment goals: the control group (group
A), only adenomyosis lesions ablated with HIFU, and treatment group
(group B), adenomyosis lesions and endometrial ablation with
HIFU. Patients undergoing endometrial ablation were likely to
develop infertility; therefore, they were fully informed, and consent
was obtained before joining the treatment group. Patients who wished
to preserve fertility were assigned to group A.

The inclusion criteria were as follows: premenopausal adult
women (age >18years) presenting with clinical symptoms of
dysmenorrhea and/or menorrhagia and agreed to undergo periodic
checkups. The exclusion criteria were clinical examination or
ultrasonography findings showing endometrial disease, pelvic
endometriosis, or other uncontrolled systemic diseases, and
menstruation, pregnancy, or lactation. Adenomyosis is divided into
four types, including diffuse adenomyopathy, focal adenomyopathy,
single/multiple adenomyoma (5). In this study, all four types of
adenomyopathy were included.

2.2 HIFU ablation

HIFU was performed using an ultrasound-guided HIFU
system (USgHIFU; JC200; Haifu Medical Technology Co., Ltd.,
Chongging, China). The patients were preoperatively administered
fentanyl and midazolam for sedation and analgesia. They were
placed in the prone position on the HIFU treatment table to enable
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their skin to be in full contact with degassed water. A degassed
water balloon was placed between the transducer and anterior
abdominal wall to compress or push away the bowel. The treatment
started from the center of the lesion as point sonication. The
sonication power ranged from 350 to 400 W. During the procedure,
the treatment area and sonication intensity were adjusted based on
changes in the gray scale on ultrasound and patient tolerance.
During treatment, patients were requested to lie still and report
any discomfort, including burning of the skin or lower abdominal,
leg, sciatic, or buttock pain (6).

2.3 Post-treatment examination

All patients underwent MRI within 3 days after HIFU to define
the condition of the endometrium and evaluate the non-perfused
volume (NPV). The volume of adenomyotic lesions and NPV were
measured using the following equation for the prolate ellipsoid (7):
volume=0.5233xaxbxc (a, b, and ¢ are the longitudinal,
anteroposterior, and transverse dimensions, respectively). The volume
of adenomyotic lesions was defined as the volume of the part of the
uterus where the focal adenomyotic lesions were located (Figure 1).
The volume of the ablation lesions was defined as the volume of the
non-perfused area (Figure 2). The NPV ratio (NPVR) was defined as
the NPV divided by the lesion volume, NPVR=NPV/volume of the
adenomyotic lesion x 100%. Successful treatment with HIFU was
defined as an NPV of >1cm’ in the planned ablation zone (8).

The endometrium of the uterine cavity is an inverted triangle, and
the uterine cavity has two sides. The area of the endometrium was
measured using the following equation: area=0.5xaxb (a and b are
the longitudinal and transverse dimension, respectively) x2. The
measurements of the area of the intact endometrium and ablated
endometrium were based on preoperative (Figure 3) and postoperative
MRI findings (Figure 4), respectively. The ablation rate was defined as
the area of frustrated endometrium divided by the area of
endometrium. Ablation rate = (area of frustrated endometrium/area
of endometrium)x 100%. Successful treatment with HIFU was
determined as the occurrence of a destruction rate of >25%.

This study was approved by the Ethics Clerk Association of
Zhongshan City People’s Hospital. All experiments were performed in
accordance with relevant guidelines and regulations.

FIGURE 1
The measurement of the volume of adenomyotic lesions
(volume = 0.5233 xa X b X c).
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FIGURE 2
The measurement of the volume of the destroyed lesions
(volume =0.5233xax b xc).

FIGURE 3
The measurement of the area of endometrium (area=0.5xaxb x 2).

FIGURE 4
The measurement of the area of frustrated endometrium
(area=0.5xaxb+0.5xcxd).

2.4 Evaluation of clinical symptoms after
treatment

All adverse events and complications were recorded by a nurse
during and after the procedure to examine the safety of
HIFU. Follow-ups were performed by staff via telephone to
register all post-surgical symptoms and complaints. There were
two main observation indicators: dysmenorrhea and menstrual
volume. The intensity of dysmenorrhea was assessed using a visual
analog scale (VAS) score ranging from 0 to 10 (9). Menstrual
volumes were scored according to the patients’ descriptions of
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pictorial blood assessment charts (10). The remission rate and
clinical effectiveness were evaluated at 3, 6, and 12 months after
HIFU ablation.

The reduced dysmenorrhea and menstrual volume scores before
and after treatment, subtracted from the preoperative score by the
postoperative score, were compared to determine whether the
symptoms had alleviated. Symptoms were considered alleviated using
the following criteria: (1) inefficient, with score reduction of 20%; (2)
partial relief, with score reduction of 20-50%; (3) significant relief,
with score reduction of 50-80%; and (4) complete relief, with score
reduction of 80%. Clinical relief included partial, significant, and
complete relief (11, 12, 13).

2.5 Statistical analysis

Data are presented as the meanz+standard deviation. SPSS
(SPSSAU) was used for data analysis. The ¢-test was performed to
compare the variables between the two groups. Statistical significance
was set at a p-value of <0.05.

3 Results
3.1 Baseline patient characteristics

Overall, 167 patients with adenomyosis underwent ultrasound-
guided HIFU (USgHIFU) ablation. Eligible patients were divided into
two groups: the control group (69 patients) and treatment group (98
patients). The average age of the patients was 39.72 + 5.49 years (group
A) and 40.15+5.38 years (group B), with no significant differences
between the groups. All patients successfully underwent the complete
procedure and treatment. The destruction rates of the endometrium
were 0.36+0.61% (group A) and 43.2 +21.1% (group B); the difference
between the two groups was statistically significant (Table 1). Some
patients in group A had endometrial ablation caused by poor energy
control; however, this occurred in only a small number of patients,
and the ablation rate was <5%. The VAS score in group A was
7.51+1.26, compared with 8.32+0.82 in group B. The score of
menstrual volumes was 137.97 +42.59 in group A and 163.47 +£30.19 in
group B. The difference between both groups was significant for
each measure.

3.2 Results of treatment

As shown in Table 2, the HIFU treatment settings and procedures
displayed no significant difference in the time of treatment between
patients in the groups. A significant difference was noted in the NPVR
between the two groups: 69.77+17.92% in group A and 81.63+15.16%
in group B.

3.3 Symptom relief
The clinical efficacy rates of dysmenorrhea (score reduction of

20-100%) at 3, 6, and 12months were 81.16, 86.96, and 85.50%,
respectively, in group A and 95.91, 97.95, and 97.95%, respectively, in
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TABLE 1 Baseline characteristics of patients.

10.3389/fmed.2024.1332080

Group (mean + SD)

A (n =69) B (n =98)
Age (years) 39.72 £ 5.49 40.15 + 5.38 0.616
Destruction rate of the endometrium (%) 0.36 +0.61 432 +21.1 0.00%*
Pretreatment VAS 7.51+1.26 8.32 +0.82 0.00%*
Pretreatment menstrual volumes 137.97 +42.59 163.47 +30.19 0.00%*

#5p < 0.01.

TABLE 2 HIFU treatment results in patients from the two groups.

Group (mean + SD)

A (n =69) B (n =98)
Time of treatment(s) 881.57 +458.01 874.48 +417.81 0.918 ‘
NPVR (%) 69.77 £17.92 81.63 + 15.16 0.00%* ‘

##p <0.01. HIFU, high-intensity focused ultrasound.

TABLE 3 Clinical effective rate of VAS in patients with dysmenorrhea after
HIFU treatment.

Follow-up
time

3 months 56 (81.16%) 94 (95.91%) 0.00%*
6 months 60 (86.96%) 96 (97.95%) 0.00%*
12 months 59 (85.50%) 96 (97.95%) 0.00%*

##p <0.01. VAS, visual analog scale; HIFU, high-intensity focused ultrasound.

TABLE 4 Clinical effective rate of menstrual volumes in the patients after
HIFU treatment.

Follow-up Group A Group B

time (n = 69) (n =98) 2
3months 17 (24.63%) 88 (89.80%) 0.00%%
6months 21 (30.43%) 94 (95.91%) 0.00%%
12months 25 (36.23%) 93 (94.80%) 0.00%%

##p <0.01. HIFU, high-intensity focused ultrasound.

TABLE 5 Reduction of VAS in the patients after HIFU treatment.

Group (mean + SD)

t-value
A(n=69) B (n=98)
3months 3.23+2.08 503+ 1.87 5.729 0.000%*
6months 3.59 +2.07 5.5+ 1.66 6.502 0.000%*
12months 3.87 +2.31 5,68+ 1.70 5.559 0.0007

##p <0.01. VAS, visual analog scale; HIFU, high-intensity focused ultrasound.

group B. There was a significant difference between the clinical
efficacy rates of dysmenorrhea in the two groups (Table 3).

As shown in Table 4, the clinical efficacy rates of menstrual
volume (score reduction of 20-100%) at 3, 6 and 12 months were
24.63, 30.43, and 36.23%, respectively, in group A and 89.80, 95.91,
and 94.80%, respectively, in group B. There was a significant difference
between the clinical efficacy rates of menstrual volume in the
two groups.
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TABLE 6 Reduction of menstrual volumes in the patients after HIFU
treatment.

Group (mean + SD)

t-value
A (n =69) B (n =98)
3months 14.64 + 26.63 69.52 +31.38 11.833 0.000%%
6months 18.64 + 28.77 83.35 + 28.66 14.344 0.000%%
12months 20.87 +29.71 86.18 + 28.30 14.385 0.000%%

#%p <0.01. HIFU, high-intensity focused ultrasound.

Table 5 shows the reduction in VAS score after HIFU treatment
compared with that before treatment in both groups. The mean
dysmenorrhea scores of patients from group A decreased by
3.23+2.08, 3.59+2.07, and 3.87 +2.31 points at 3, 6, and 12months
after treatment, respectively. The mean dysmenorrhea scores of
patients from group B decreased by 5.03+1.87, 5.55+1.66, and
5.68+1.70 points at 3, 6, and 12 months after treatment, respectively.

Table 6 shows the reduction in menstrual volume after HIFU
treatment compared with that before treatment in both groups. The
mean menstrual volumes of patients from group A decreased by
14.64+26.63, 18.64+28.77, and 20.87+29.71 points at 3, 6, and
12 months after treatment, respectively. The mean menstrual volumes
of patients from group B decreased by 69.52 +31.38, 83.35+28.66, and
86.18+28.30 points at 3, 6, and 12 months after treatment, respectively.
There was a significant difference (p <0.05) between the two groups in
this regard. No complications occurred during the follow-up.

4 Discussion

Adenomyosis is a common gynecological disease with an
increasing prevalence (14). Several recent studies have demonstrated
the safety and efficacy of HIFU ablation in the treatment of
adenomyosis (15). However, most studies thus far have focused on
dysmenorrhea and have ignored the symptoms of heavy menstruation.

The relief rate of dysmenorrhea in our study at the 1year
follow-up after treatment was above 80%, consistent with that
reported in a previous study (9). The dysmenorrhea score decreased
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FIGURE 5

Reduction of VAS in patients after HIFU treatment. VAS, visual analog scale; HIFU, high-intensity focused ultrasound.

Group B
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-100.00 A

Decrease in menstrual volume

Min
QT (25th Percentile)

Mean

H jmusmpmeme)
B menstruation(3mon)
71 menstruation(6mon)
I menstruation(12mon)

Max

-150.00
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FIGURE 6

Reduction of menstrual volumes in patients after HIFU treatment. HIFU, high-intensity focused ultrasound.

Group B

significantly in the treatment group compared with that in the
control group, indicating the effectiveness of the treatment
(Figure 5). This finding may be related to the difference in NPVR
between the two groups. Furthermore, this observation was
highlighted in a regression analysis of factors affecting adenomyosis
treatment published by Gong et al. (16). This study conducted a
multivariate analysis of the effects of HIFU treatment for
adenomyosis and found that NPVR was the most influential
independent factor.

The common complications of HIFU treatment include skin burn,
nerve injury, intestinal perforation, bladder perforation, etc. (17). The
follow-up period in this study was 1 year after treatment, during which
no patient required hysterectomy due to acute complications.
Postoperative vaginal bleeding is a normal symptom of adenomyosis
surgery, which usually lasts 2-4 weeks. This symptom was not included
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as a complication in the current study, so this study did not include
this symptom as a complication follow-up.

Moreover, according to Guo et al. (18) the symptoms of
menorrhagia can be ameliorated in patients with adenomyosis treated
with HIFU alone. The patients in the control group in this study were
also treated with HIFU alone, and the remission rate of menorrhagia
symptoms was only 24-36% at the 1 year follow-up (Table 4); however,
the remission rate in the treatment group was significantly higher
(>80%). In addition, the improvement in menstrual scores before and
after treatment in the two groups was compared with the declining
value of the score. The decrease in the menstrual score in the treatment
group was significantly greater than that in the control group
(Figure 6), indicating that the menstrual volume in the treatment
group significantly improved after endometrial ablation. A recent
study (19) further showed that HIFU therapy can alleviate
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adenomyosis-associated menorrhagia to a small extent. The
endometrial ablation method used in the present study was found to
be a remedy for adenomyosis-associated menorrhagia. In addition, in
this study, both groups had patients with symptoms that could not
be improved at all, and group A had significantly more patients than
group B. NPV in these patients did not differ significantly from
patients whose symptoms improved, and we will find out why in
future studies. In this study, the two groups of patients were not
treated with gonadotropin-releasing hormone (GNRH) after
HIFU. According to a study published by Yang et al. (20), GNRH
administration combined with HIFU can control menstrual volume
more effectively after ablation for adenomyosis. Levonorgestrel
intrauterine birth control system is also an effective measure to relieve
the symptoms of adenomyosis (21). However, the present study aimed
to evaluate the effect of endometrial ablation on menstrual volume
control; therefore, GNRH and IUD were not combined with
treatment. Clinical studies assessing the effects of GNRH/IUD
administration combined with ablation of the endometrium can
be conducted in the future to clarify the relationship between these
two modalities with regard to treating adenomyosis.

In the present study, endometrial ablation was performed via
HIFU in patients with adenomyosis to observe its therapeutic effects.
The results showed that the therapeutic effects of this treatment were
better than those in patients not subjected to endometrial ablation.

However, this study had a few limitations. First, the sample size
was limited, and this study was a non-randomized controlled trial.
Second, the original scores of the two groups in this study were
different. Although our evaluation indicators were compared by self-
improvement scores, there was still some bias. Third, some
symptomatic patients in both groups experienced no relief at all; this
may be related to the ablation rate. Patients with a high ablation rate
had a correspondingly high rate of symptom relief compared with
those with a low ablation rate. Further studies should be conducted to
validate these findings.

In conclusion, endometrial ablation is more effective than
conventional therapy for the treatment of adenomyosis with regard to
the alleviation of the symptoms of increased menstruation. Both
treatments were effective in ameliorating menstrual cramps, but
endometrial ablation was preferable, provided the patient does not
wish to remain fertile.
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