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ABSTRACT

Objective: To evaluate the mid-term symptom improvement of patients with different types of adeno-
myosis based on magnetic resonance imaging (MRI) classification after ultrasound-guided high inten-
sity focused ultrasound (USgHIFU) treatment.

Materials and methods: A total of 321 patients with adenomyosis who underwent HIFU and com-
KEYWORDS

pleted 18-month follow-up were retrospectively reviewed. Based on the relationship between the
adenomyotic lesion and the uterine structural components on T2-weighted imaging (T2WI), adenomy-
otic lesions were classified as internal, external, full thickness and intramural adenomyosis. Based on
the extent of the myometrial involvement, these lesions were further subclassified as asymmetric and
symmetric adenomyosis.

Adenomyosis; magnetic
resonance imaging;
classification of
adenomyosis; ultrasound
guided high-intensity

focused ultrasound;
medium-term follow-up

Results: All patients completed HIFU ablation in one session. The range of median menstrual pain
score in patients with asymmetric internal, symmetric internal, asymmetric external, asymmetric full
thickness, symmetric full thickness, and intramural adenomyosis was between 6 and 8 points before
HIFU, the median menstrual pain score decreased to 2-4 points 18-month post-HIFU (p <.005). The
menstrual pain relief rate was 68.3%, 62.1%, 54.7%, 64.1%, 60%, and 100%, respectively. The median
menstrual blood volume score range was between 2 and 4 points in the different groups of patients
before HIFU, it decreased to 1-3 points 18-month after HIFU with a relief rate of 68.3%, 51.6%, 51.0%,
55.5%, 57.2%, and 100%, respectively. No serious complication occurred in any of these patients.
Conclusions: Based on our results, USgHIFU is safe and effective in the treatment of patients with dif-
ferent subtypes of adenomyosis with mid-term sustained improvement in symptoms of menstrual
pain and menstrual blood volume.

Introduction adenomyosis as four subtypes based on the relationship
between the lesion and the uterine structural components
(the endometrium, the junctional zone, the myometrium,
and the serosa) revealed by MRI: type | (intrinsic), type
li(extrinsicl), type Il (intramural) and type IV(indeterminate)
[14]. Recently, several other classifications have been pro-
posed, but there remains no consensus classification [10,15].

The treatment for adenomyosis is a major challenge.

Adenomyosis is a common benign disease among women of
reproductive age, which is defined by the presence of endo-
metrial glands and stroma within the myometrium [1,2]. The
prevalence of adenomyosis varies from 1 to 70% among
women of reproductive age, and is frequently reported as
10-30% [3-5].

The common symptoms of adenomyosis include men-

strual pain, heavy menstrual blood volume, and a tender,
enlarged, and boggy uterus [5-9]. Transvaginal ultrasound
(TVUS) is used in the diagnosis of adenomyosis and has a
relatively high sensitivity. However, sonographic accuracy
appears to be more operators dependent [10-12]. Magnetic
resonance imaging (MRI) can clearly show the appearance of
adenomyosis with symmetric or asymmetric lesions of
internal or external layers of the myometrium. The typical
MRI features of adenomyotic lesions are ill-defined low signal
intensity areas with hyperintensity foci in the lesions on T2-

Hysterectomy remains the only definitive cure for adenomyo-
sis. As the boundary of the adenomyotic lesion is unclear, it
is difficult to remove the lesion completely, and the recur-
rence rate after adenomectomy is very high. which reached
50% in some studies [16].

As a noninvasive treatment, high intensity focused ultra-
sound (HIFU) ablation has been utilized in the treatment of
adenomyosis, and several studies have shown the safety and
efficacy [17-21]. A previous study showed that the clinical
effective rate was about 80% when the non-perfused volume

weighted images [13]. In 2012, Kishi et al. classified (NPV, indicative of successful ablation) reached 70% or
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higher [22]. In the 80% of patients, some reported complete
relief of the symptoms, some reported obvious or partial relief.
However, about 20% of the patients did not have symptom
improvement, it is not clear if the symptom improvement
related to NPV ratio of the adenomyotic lesion or subtypes or
both. Therefore, the aim of this study was to objectively evalu-
ate the mid-term symptom improvement of patients with dif-
ferent types of adenomyosis based on magnetic resonance
imaging (MRI) classification after ultrasound guided high
intensity focused ultrasound (USgHIFU) treatment.

Materials and methods

This retrospective study was approved by the ethics commit-
tee at our institution (NO. CQMU-20191203), and the require-
ment for an informed consent to do the research was waived.

Patients

A total of 321 patients with adenomyosis who were treated
with HIFU at Chongging Haifu Hospital between January 2016
and December 2019 were retrospectively reviewed. The med-
ical history of the patients was collected. Following a physical
examination, EKG, chest X-ray, routine laboratory tests, ultra-
sound and MRI examination were performed on all patients.
The diagnosis of adenomyosis was suspected by clinical evalu-
ation and confirmed with transvaginal ultrasound and MRI.

Inclusion criteria were as follows: (1) the diagnosis of
adenomyosis was made by medical history, transvaginal
ultrasound and MRI; (2) all patients presented symptoms and
completed HIFU treatment; (3) patients agreed to take pre-
and post-HIFU MRI examinations.

Exclusion criteria: (1) patients with suspected or confirmed
uterine malignancy; (2) patients with contraindications to
MRI; (3) patients with previous surgical scars; (4) patients
received hormone therapy after HIFU.

MRI evaluation

All patients underwent pre- and one day post-HIFU MRI
Imaging

evaluation with a 15T MRI (uMR570, United
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Company, China). A series of standard T1 weighted images
(TTWI), T2 weighted images (T2WI), and contrast enhanced
MRI were performed on all patients.

The size and location of the adenomyotic lesions were
evaluated on T2WI of MRI. Based on the relationship between
the adenomyotic lesions and the endometrium as well as the
uterine serosa, the adenomyotic lesions were classified into
four types as follows: Internal adenomyosis: the lesion had
developed in the thickened junctional zone and that healthy
muscular structures were preserved outside the adenomyosis
(Figure 1(A,B)); external adenomyosis: the lesion was located
in the outer myometrium of the uterine wall, the healthy mus-
cular structures were preserved between the adenomyotic
lesion and the junctional zone, and the junctional zone was
kept intact without aberrancy (Figure 2(AB)); intramural
adenomyosis: the lesion was located in the myometrium with-
out any involvement in the junctional zone and the serosa
(Figure 3); full thickness adenomyosis: the lesion occurred in
both the uterine inner layer and outer layer (Figure 4(A,B)).

Based on the extent of adenomyotic lesion involving the
uterus, every type of adenomyosis was further classified into
asymmetric (focally) or symmetric subtype. The radiologists
manually contoured the adenomyotic lesion, and all the non-
enhancing areas on all relevant slices of T1 contrast
enhanced post HIFU, then the volume of the targeted
adenomyotic lesion and non-perfused volume were calcu-
lated by using a software program which was made by
Chongging Haifu [23]. Energy efficiency factor (EEF) was
defined as the ultrasound energy delivered for ablating
Tmm?® of the adenomyotic lesion (EEF=nxPxt/V (J/mm3),
where 1 indicates a focusing factor (=0.7), P indicates sonic-
ation power (W), t indicates sonication time, and V indicates
NPV (mm?3) [24]. NPV ratio was defined as (NPV)/(adenomy-
otic volume) x100% (Figure 5).

HIFU ablation

HIFU ablation was performed under conscious sedation (fen-
tanyl at 0.8-1pg/kg administered at 30-40 min intervals;
midazolam hydrochloride, at 0.02-0.03 mg/kg, administered
at 30-40 min intervals) using the Focused Ultrasound Tumor

Figure 1. Classification of adenomyosis based on MRI: the ill-demarcated low intensity area represents adenomyosis (red arrow heads) that had developed in the
thickened junctional zone and that healthy muscular structures were preserved outside the adenomyosis. A. asymetric internal adenomyosis; B. symmetric internal

adenomyosis.



532 (&) C.GONG ET AL.

Figure 2. External adenomyosis: the ill-demarcated equal intensity area indicate adenomyosis (red arrow heads) which was located in the outer myometrium of
the uterine wall, the healthy muscular structures were preserved in between the adenomyotic lesion and the junctional zone, and the junctional zone was kept
intact without aberrancy. A. asymetric external adenomyosis; B. symmetric extenal adenomyosis.

Figure 3. Intramural adenomyosis: the lesion (red arrow heads) was located in
the myometrium without any involvement in the junctional zone and the
serosa.

Therapeutic System (Model-JC200, Chongqing Haifu Medical
Technology Co. Ltd., China) equipped with an ultrasound
imaging device (MyLab 70, Esaote, Genova, ltaly) for real-
time guidance during the procedure. The patients were
required to report any discomfort during the procedure and
the vital signs such as heart rate, blood pressure, respiration
and oxygen saturation were monitored.

The patients were placed in a prone position carefully,
with the abdominal wall in contact with degassed water. A
cold degassed water balloon was placed on the abdominal
wall to compress and push the bowel away from the acous-
tic pathway. The treatment began from the posterior to
anterior, from inferior to superior part of the adenomyotic
lesion. The focus was kept at least 1.5cm away from both
endometrium and boundary of the adenomyosis. During the
procedure, the sonication power was adjusted based on the
feedback from the patients and the changed grayscale on

the ultrasound imaging. The treatment was terminated when
the hyperechoic area covered the entire adenomyosis or the
contrast-enhancement ultrasound showed no blood supply
in the lesion. The patients were asked to report any adverse
effects during the procedure and after HIFU treatment.

Evaluation of clinical symptom

The patients were asked to report their maximum pain score
and the average menstruation volume score during menstru-
ation pre- and at 3-, 6-, 12-, and 18-month post-HIFU.

The scoring system for menstrual pain: menstrual pain
was scored in accordance with the standards of Visual
Analogue Scale (VAS): mild pain (1-3 points), moderate pain
(4-6 points), and severe pain (7-10 points).

The scoring system for menstrual blood volume: men-
strual blood volume was scored according to patients’
description on a 5-point scale: small (1 point), moderately
large (2 points), large (3 points), very large (4 points), and
extremely large (5 points).

The relief ratio of scores of menstrual pain and menstrual
blood volume before and after HIFU were compared to deter-
mine whether the symptoms were alleviated using the follow-
ing criteria: (1) complete relief: symptoms are completely
relieved; (2) obvious relief: the relief ratio is over 50%; (3) partial
relief: the relief ratio is less than 50%; (4) ineffective: post-opera-
tive scores increase or equal to pre-operative. Clinical relief
included obvious relief, partial relief, and complete relief.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 (SPSS Inc.,
Chicago, IL). Normal distribution data was indicated as
mean + SD. The abnormal distribution data were reported as
median and interquartile range. One-way ANOVA analysis
and Kruskal-Wallis test were applied when comparing varia-
bles between the groups, when a statistical difference was
found, post-hoc test with Dunnett’s was performed to check
within and among subgroups. The Chi-square test was
applied for the analysis of the enumerated data. When
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Figure 4. Full thickness adenomyosis: the lesion (red arrow heads) occurred in both the uterine inner layer and outer layer. A. asymetric full thickness adenomyosis;
B. symmetric full thickness adenomyosis.

Figure 5. HIFU treatment for internal and external adenomyosis (red arrow heads). A&B. Pre-HIFU T2WI and contrast enhanced MRI showed an internal adenomy-
otic lesion located at the anterior wall of the uterus; C. A contrast enhanced MR image obtained 1 day after HIFU showed the internal adenomyotic lesion was
ablated. The NPV ratio was 90%. D&E. Pre-HIFU T2WI and contrast enhanced MRI showed an external adenomyotic lesion located at the posterior wall of the ute-
rus. Uterorectal adhesion was observed; F. C. A contrast enhanced MR image obtained 1 day after HIFU showed the enternal adenomyotic lesion was ablated with-
out damaging the serosa of the uterus. The NPV ratio was 60%.

p value was less than .05, the difference was considered as menstrual pain, only 277 patients complained heavy men-
statistically significant. strual blood volume before HIFU. Based on the features on

MRI, 45 patients were classified as asymmetric internal

adenomyosis, 29 were classified as symmetric internal adeno-
Results myosis; 75 patients were classified as asymmetric external
adenomyosis, no symmetric external adenomyosis was found
in the subjects; 93 patients were classified as asymmetric full
A total of 321 patients who met the inclusion criteria and thickness adenomyosis, 76 were symmetric full thickness
exclusion criteria and completed 18 months follow-up were adenomyosis; three patients were classified as intramural
enrolled in this study. Among them, 315 patients had adenomyosis.

Patients and lesions
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Table 1. Comparison of baseline characteristics of patients with different types of adenomyosis.

Internal External Full thickness
asymmetric symmetric asymmetric asymmetric symmetric Intramural
Variable (n=45) (n=29) (n=75) (n=93) (h=76) (n=3) p
Agely) 40.8£5.2° 40.0+8.8° 374£52%° 389+5.1 387+55 382+59 030
BMI 23.0£33 225+27 226+28 229+33 229+23 227+£3.0 928
Location of lesions (A/P/F) 16/26/3 _ 4/67/4 23/63/7 _ 2/1/0 .000
Volume of lesion (cm?) 67 1194 53Pf9 9459 145 56 .000
(18-217) (15-289) (19-310) (10-766) (22-523) (28-109)
Rectus abdominis thickness (mm) 99+45 83+46 99+43 8.7+49 8.6+4.2 11.0+5.7 71
Subcutaneous fat thickness (mm) 18.1+£87 16.4+6.7 18.0+7.2 17.6+8.0 16.6 £ 6.4 143+57 681
Notes: A: anterior wall of the uterus; P: posterior wall of the uterus; F: fundus.
“Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with asymmetric external adenomyosis.
PIndicates a significant difference between patients with symmetric internal adenomyosis and patients with asymmetric external adenomyosis.
“Indicates a significant difference between patients with asymmetric external adenomyosis and patients with symmetric full thickness adenomyosis.
9Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with symmetric internal adenomyosis.
€Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with asymmetric full thickness adenomyosis.
findicates a significant difference between patients with asymmetric external adenomyosis and patients with symmetric full thickness adenomyosis.
9YIndicates a significant difference between patients with asymmetric external adenomyosis and patients with asymmetric full thickness adenomyosis.
Table 2. Comparison of HIFU treatment results between different types of adenomyosis.
Internal External Full thickness Intramural
p
asymmetric symmetric asymmetric asymmetric symmetric
Variable (n=145) (n=29) (n=75) (h=93) (h=176) (h=3)
Power(W) 400 400 400 400 400 400 114
(260-400) (362-400) (272-400) (350-400) (228-400) (400-400)
Treatment time 67.8+41.2 77.4+44.6 774+433 80.8+51.5 724+473 39.5+19.8 579
(min)
Sonication time(s) 556+ 393 682 +458 660 + 445 772+536 719+482 528+ 365 145
Treatment intensity(s/h) 462 528 523 566 540 462 .091
(80-833) (84-716) (43-600) (40-636) (43-540) (411-533)
Total energy 227.4+160 2716+179.8 2759+178.5 312.0£215.0 307.1+188.9 299 £ 159 123
(K)
NPV ratio (%) 55.7+22.1 50.1+26.8 47.6+229 50.7£21.1 46.6+21.9 56.7 £33.4 232
EEF(J/mm?) 547 4.4° g.1abed 4.0° 5.4¢ 44 007
(1-133.6) (1-34.1) (0.1-326.2) (0.4-68.8) (0.1-328.8) (1.49-43.2)

Notes: ®Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with asymmetric external adenomyosis.
PIndicates a significant difference between patients with symmetric internal adenomyosis and patients with asymmetric external adenomyosis.
‘Indicates a significant difference between patients with asymmetric external adenomyosis and patients with asymmetric full thickness adenomyosis.
dIndicates a significant difference between patients with asymmetric external adenomyosis and patients with symmetric full thickness adenomyosis.

The baseline characteristics of the patients were shown in
Table 1. The average age in patients with asymmetric exter-
nal adenomyosis was significantly younger than those with
internal adenomyosis (p <.05). The asymmetric external
adenomyosis was more often seen in the posterior wall of
the uterus (p <.05). The volume of adenomyotic lesion was
significant lower in patients with asymmetric adenomyotic
lesion than the patients with symmetric adenomyotic lesion
(p <.05). No other significant difference in baseline character-
istics was observed between the patients with different type
of adenomyosis.

Peri-HIFU procedure evaluation

As shown in Table 2, no significant difference was found
between patients with different subtypes of adenomyosis in
HIFU treatment settings and procedures (p >.05). No signifi-
cant difference occurred even when corrected for adenomy-
otic lesion size. Each group of patients with adenomyosis
was treated using similar sonication power, sonication time
and treatment time and similar NPV ratio was achieved. The

EEF in patients with asymmetric external adenomyosis was
significantly higher than that in the other groups (p <.05).

Adverse effects and complications

During the procedure, the common adverse effects included
transient leg pain, sciatic or buttock pain, skin discomfort,
lower abdominal pain and groin pain. These pains were mild
and often disappeared after sonication was terminated. We
compared the incidence rate of adverse effects between dif-
ferent groups. The percentage of sciatic or buttock pain was
31.1%, 27.6%, 56%, 41.9% and 40.8% in in patients with
asymmetric internal, symmetric internal, asymmetric external,
asymmetric full thickness, and symmetric full thickness,
respectively (Table 3). The incidence of sciatic or buttock
pain in patients with asymmetric external adenomyosis was
significantly higher than that in the other groups of patients
(p<.05). No other significant difference was observed
between the subgroups (p >.05) (Tables 3). After HIFU treat-
ment, mild pain in the treated region and sacrum was
observed in some cases; the pain subsided within 3 days. No



INTERNATIONAL JOURNAL OF HYPERTHERMIA 535

Table 3. Comparison of adverse effects among patients with different types of adenomyosis.

Internal External Full thickness

asymmetric symmetric asymmetric asymmetric symmetric Intramural
Variable (n=45) (h=29) (h=75) (n=93) (n=176) (n=3) p
Leg pain (n, %) 4(8.9) 1(3.4) 11(14.7) 18(19.4) 14(18.4) 0 A7
Sciatic or buttock pain (n, %) 14(31.1) 8(27.6)° 42(56.0)*P< 39(41.9) 31(40.8)° 0 030
Skin burning sensation (n, %) 11(24.4) 10(34.5) 16(21.3) 28(30.1) 28(36.8) 1(33.3) 257
Treated area pain (n, %) 13(28.9) 10(34.5) 32(42.7) 28(30.1) 24(31.6) 2(66.6) 424
Groin pain (n, %) 0(0) 2(6.9) 2(2.7) 2(2.2) 2(2.6) 0 A79
Notes: Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with asymmetric external adenomyosis.
BIndicates a significant difference between patients with symmetric internal adenomyosis and patients with asymmetric external adenomyosis.
“Indicates a significant difference between patients with asymmetric external adenomyosis and patients with asymmetric full thickness adenomyosis.
9Indicates a significant difference between patients with asymmetric external adenomyosis and patients with symmetric full thickness adenomyosis.
Table 4. Comparison of menstrual pain score before and 18 months after HIFU treatment.

Internal External Full thickness
asymmetric symmetric asymmetric asymmetric symmetric Intramural

Variable (n=41) (n=29) (n=75) (n=092) (n=75) (n=3) p
Before 6(0-10)*P< 7(1-9)¢ 8(3-10)*4 8(0-10)° 8(0-10)° 8(5-10) .000
18-month post HIFU 2(0-10) 2(0-9) 6(0-10)° 4(0-10) 4(0-10) 4(2-8) .002
p .000 .000 .000 .000 .000

Notes: Four patients with asymmetric internal adenomyosis, one patient with asymmetric full thickness adenomyosis, and one patient with symmetric full thick-
ness adenomyosis who did not have menstrual pain before HIFU were not included in this statistical analysis.

?Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with asymmetric external adenomyosis.

PIndicates a significant difference between patients with asymmetric internal adenomyosis and patients with asymmetric full thickness adenomyosis.

‘Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with symmetric full thickness adenomyosis.

“Indicates a significant difference between patients with symmetric internal adenomyosis and patients with asymmetric external adenomyosis.

Table 5. Evaluation of treatment efficacy in 315 patients with menstrual pain 18 months after HIFU treatment.

Internal External Full thickness
asymmetric symmetric asymmetric asymmetric symmetric Intramural
Variable (n=41) (n=29) (n=75) (n=092) (n=75) (n=3) p
Partial relief (n, %) 5(12.2) 5(17.2) 15(20) 17(18.5) 15(20) 1(33.3)
Obvious relief (n, %) 17(41.5) 9(31) 17(22.7) 30(32.6) 22(29.3) 2(66.6)
Complete relief (n, %) 6(14.6) 4(13.8) 9(12.0) 12(13.0) 8(10.7) 0
Clinical effective rate (n, %) 28(68.3) 18(62.0) 41(54.7) 59(64.1) 45(60.0) 3(100) .894

Notes: Four patients with asymmetric internal adenomyosis, one patient with asymmetric full thickness adenomyosis, and one patient with symmetric full thick-
ness adenomyosis who did not have menstrual pain before HIFU were not included in this statistical analysis.

any major post-HIFU complication was observed in any of
these patients.

Improvement of menstrual pain

Among the 321 patients, 315 reported menstrual pain before
HIFU treatment. Four patients with asymmetric internal
adenomyosis, one patient with asymmetric full thickness
adenomyosis, and one patient with symmetric full thickness
adenomyosis who did not have menstrual pain before HIFU
were not included in statistical analysis. The pre-HIFU men-
strual pain score in patients with asymmetric internal adeno-
myosis was significantly lower than those with other types of
adenomyosis. After HIFU treatment, the pain score signifi-
cantly decreased in every group. The symptom relief sus-
tained over 18-month after HIFU treatment. The patients
with internal adenomyosis had the lowest menstrual pain
score, while the patients with asymmetric external adeno-
myosis had the highest menstrual pain score at 18 months
after HIFU (Table 4, p < .05). The clinical effectiveness rate of
HIFU treatment for patients with asymmetric internal

adenomyosis, symmetric internal adenomyosis, asymmetric
external adenomyosis, asymmetric full thickness adenomyo-
sis, symmetric full thickness adenomyosis, and intramural
adenomyosis in alleviating menstrual pain at 18-month fol-
low-up was 68.3%, 62.1%, 54.7%, 64.1%, 60% and 100%,
respectively. No significant difference was found between
patients with different subtype adenomyosis in clinical effect-
iveness rate (Table 5, p > .05).

Improvement of menstruation blood volume

Among the 321 patients who had completed 18-month fol-
low-up, 277 had varying degrees of heavy menstrual blood
volume before HIFU treatment. Four patients with asymmet-
ric internal adenomyosis, 24 patients with asymmetric exter-
nal adenomyosis, 10 patients with asymmetric full thickness
adenomyosis, and six patients with symmetric full thickness
adenomyosis who did not have heavy menstrual blood vol-
ume before HIFU were not included for statistical analysis.
The patients with internal adenomyosis had higher menstrual
blood volume score than that of patients with external
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Table 6. Comparison of menstrual blood volume scores before and 18-month after HIFU treatment.

Internal External Full thickness
asymmetric symmetric asymmetric asymmetric symmetric Intramural
Variable (n=41) (n=29) (h=51) (n=283) (h=70) (n=3) p
Before 4(1-5)° 4(2-5)P 2(1-5)*ed 3(1-5)%° 3(1-5)° 3(1-4) .000
18-month 2(1-5) 3(1-5)° 1(1-5)*4 2(1-5) 2(1-5)¢ 2(1-4) .000
post-HIFU
p .000 .000 .000 .000 .000

Notes: Four patients with asymmetric internal adenomyosis, 24 patients with asymmetric external adenomyosis, 10 patients with asymmetric full thickness
adenomyosis, and six patients with symmetric full thickness adenomyosis who did not have heavy menstrual blood volume before HIFU were not included in
this statistical analysis.

“Indicates a significant difference between patients with asymmetric internal adenomyosis and patients with asymmetric external adenomyosis.

PIndicates a significant difference between patients with symmetric internal adenomyosis and patients with asymmetric external adenomyosis.

“Indicates a significant difference between patients with asymmetric external adenomyosis and patients with asymmetric full thickness adenomyosis.

dIndicates a significant difference between patients with asymmetric external adenomyosis and patients with symmetric full thickness adenomyosis.

€Indicates a significant difference between patients with symmetric internal adenomyosis and patients with asymmetric full thickness adenomyosis.

Table 7. Evaluation of treatment efficacy in 277 patients with heavy menstrual blood volume after HIFU treatment.

Internal External Full thickness
asymmetric symmetric asymmetric asymmetric symmetric Intramural
Variable (n=41) (n=29) (n=>51) (n=283) (n=70) (n=3) p
Partial relief (n, %) 6(14.6) 3(10.3) 4(7.8) 12(14.5) 9(12.9) 2(66.6)
Obvious relief (n, %) 13(31.7) 9(31.0) 3(5.9) 21(25.3) 21(30.0) 1(33.3)
Complete relief (n, %) 9(22.0) 3(10.3) 19(37.3) 13(15.7) 10(14.3) 0
Clinical effective rate (n, %) 28(68.3) 15(51.6) 26(51.0) 46(55.5) 40(57.2) 3(100) .021

Notes: Four patients with asymmetric internal adenomyosis, 24 patients with asymmetric external adenomyosis, 10 patients with asymmetric full thickness
adenomyosis, and six patients with symmetric full thickness adenomyosis who did not have heavy menstrual blood volume before HIFU were not included in

this statistical analysis.

asymmetric adenomyosis and full thickness asymmetric
adenomyosis. The clinical effectiveness rate of HIFU treat-
ment for patients with asymmetric internal adenomyosis,
symmetric internal adenomyosis, asymmetric external adeno-
myosis, asymmetric full thickness adenomyosis, symmetric
full thickness adenomyosis, and intramural adenomyosis in
improving menstrual blood volume at 18-month follow-up
was 68.3%, 51.7%, 50.9%, 55.4%, 57.1% and 100%, respect-
ively. The relief rate of heavy menstrual blood volume in
patients with asymmetric external adenomyosis was signifi-
cantly lower than that of the other groups (Tables 6 and
7, p <.005).

Discussion

Several studies have demonstrated that adenomyosis con-
sists of multiple subtypes with various patterns in MRI [14].
Kishi et al. reported that the internal, external, intramural
and indeterminate subtypes of adenomyosis (subtypes I-IV)
consisted of 59(38.8%), 51(33.6%), 22(14.5%), and 20(13.1%)
patients, respectively [14]. Our study showed that the
internal adenomyosis (Kishi type 1) was observed in 74 of the
321 (23.1%) patients, the external adenomyosis (Kishi type II)
was observed in 75 of the 321 (23.4%) patients, only 3
patients had intramural adenomyosis (Kishi type Ill), while
the full thickness adenomyosis (Kishi type IV) was observed
in 169 of the 321 (52.6%) patients. Kishi et al. reported that
anterior wall involvement of adenomyosis is more frequently
seen in internal adenomyosis. External adenomyosis is fre-
quently seen in posterior wall of the uterus [14]. In our study,
we observed that in patients with asymmetric adenomyosis,
either internal or external, or full thickness, the adenomyotic

lesion was more frequently seen in the posterior wall of the
uterus (Table 1).

HIFU treatment was successfully performed in all the
patients in the current study. Our results showed that the
similar NPV ratio was achieved in every subtype using similar
treatment power and spending similar treatment time. In
order to avoid damage to the endometrium and serosa, we
didn't pursue a high NPV ratio in the current study. In
comparison with the previous studies, we found that the
short-term symptom relief is not related to NPV ratio, but
the mid-term results are related to NPV ratio [22,25].
Therefore, we speculated that achieving a high NPV ratio
safely is important in long-term symptom relief.

However, EEF achieved in external asymmetric adenomyo-
sis was significantly higher than that in the other subtypes
(Table 2). This higher EEF indicated that it needed more
acoustic energy to ablate the same volume of adenomyotic
lesion in external adenomyosis than that in other subtypes
of adenomyosis. We cannot explain this phenomenon clearly.
One possible explanation was that most of the external
adenomyotic lesions were adjacent to the sacrum and many
were accompanied by pelvic endometriosis and had uteror-
ectal adhesion, a higher percentage of patients had obvious
sciatic or buttock pain during the procedure (Table 3).
Therefore, we had to slow down the treatment, and the
treatment intensity (the sonication time in every hour, calcu-
late as sonication time/hour) was lower than that of other
subtypes. Low treatment intensity decreased the involve-
ment of energy in the adenomyotic lesion. However, we did
not find a significant difference between the different types
in treatment intensity (p=.091). We further compared the
variables between patients with external asymmetric adeno-
myosis and patients with other types of adenomyosis and



found that the volume of adenomyotic lesions in patients
with external asymmetric adenomyosis was significantly
smaller than that of patients with other types of adenomyo-
sis (Table 1). Therefore, we speculated that the greater EEF
achieved in external asymmetric adenomyosis was related to
the small volume of external asymmetric adenomyotic
lesions. This phenomenon may be explained by
‘damage-damage interference effects’ because the expansion
of the necrotic area and the ascent of temperature on the
focal point will significantly influence the acoustic environ-
ment of surrounding focus tissue and contribute to the ultra-
sonic energy deposition [26]. An in vitro experimental study
demonstrated that the EEF mass was less than the EEF slice,
while the EEF slice was less than the EEF fascicle, which also
could be used to explain this result [27].

In this study, 315 patients had menstrual pain before
HIFU treatment. Our results showed that the pre-HIFU men-
strual pain score was lower in patients with internal adeno-
myosis than that of patients with other types of
adenomyosis. The menstrual pain score significantly
decreased in every group of patients with different subtypes
of adenomyosis after HIFU and sustained for 18 months, but
the patients with internal adenomyosis had a higher percent-
age decrease in pain score. This phenomenon may be
explained by that the internal adenomyosis is less associated
with pelvic endometriosis. The early studies showed that the
incidence of adenomyosis combined with endometriosis is
65%, and outer myometrium lesions are more likely to be
combined with endometriosis, especially deep endometriosis
[9]. The stretch of these deeply infiltrating endometriotic
nodules may exacerbate painful symptoms and the men-
strual pain are more likely to occur in patients with deep
endometriosis [28-29].

Our study also showed that patients with internal adeno-
myosis had higher pre-HIFU menstrual blood volume score,
patients with external adenomyosis had lower pre-HIFU men-
strual blood volume score than the other subtypes. After
HIFU treatment, the menstrual blood volume scores all
decreased in patients with different subtypes of adenomyo-
sis. The clinical relief rate is consistent with earlier studies
[30], which suggested that HIFU is effective in relieving
heavy menstrual blood volume and menstrual pain. In this
study, we didn't observe a significant difference in the clin-
ical effective rate of menstrual pain between patients with
different subtype of adenomyosis. However, a significantly
lower clinical relief rate of heavy menstrual blood volume
was found in patients with asymmetric external adenomyosis
at 18-month after ultrasound-guided HIFU treatment when
compared with other groups of patients with adenomyosis,
even if with similar immediately NPV ratio (Tables 6 and 7).
These phenomena might be explained by the fact that dur-
ing HIFU procedure, a safe distance should be kept at least
1.5cm away from focus to the endometrium and serum of
the uterus, thus may lead to incomplete ablation of
adenomyotic lesion (Figure 5). Meanwhile patients with
external adenomyosis mainly manifest as menstrual pain
while the symptom of heavy menstrual blood volume is not
obviously before treatment (Table 6), even if the score of
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menstrual blood volume decreased at 18-month after treat-
ment, the relief rate of heavy menstrual blood volume was
significantly lower than that in the other groups of patients.
Therefore, our results may indicate that except from NPV
ratio, the different subtype of adenomyosis maybe another
important factor that influencing the clinical efficacy.

The present study also indicated that HIFU can be safely
used to treat different subtypes of adenomyosis. In this
study, patients often complained of mild lower abdominal
local pain owing to uterine contraction after HIFU treatment;
sciatic or buttock pain was also a frequent adverse effect
when the lesions were located at the posterior wall of the
uterus, but such pain was mild. The pain subsided in
1-3 days without any specific treatment. Our results showed
that the ratio of sciatic or buttock pain in the group of
patients with external adenomyosis was much higher than
that of patients with other subtypes of adenomyosis because
of the location of the lesions. No any major complication
occurred in this study.

This study is limited because it is a retrospective study, all
patients were from a single center and some bias may occur
because the enrolled patients were those who didn't receive
hormone therapy. This study is also limited because of the
relatively small number in some subtypes. In addition, we
used the same HIFU treatment protocol for different sub-
types of adenomyosis that may have also influenced the
results. Future multicenter studies or prospective randomized
controlled trials with large subjects are required to address
the difference of HIFU for different subtypes of adenomyosis.
It is also required to further optimize individual HIFU treat-
ment protocol for patients with different subtypes of
adenomyosis.

Conclusions

HIFU is a promising technique for treating patients with
adenomyosis. Although further studies are needed for opti-
mization of indications, the present results showed that HIFU
can be used to treat all subtypes of adenomyosis safely to
alleviate the symptoms of heavy menstrual blood volume
and menstrual pain.
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