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Clinical Consideration of Treatment to Ablate Uterine
Fibroids with Magnetic Resonance Imaging-guided High
Intensity Focused Ultrasound (MRgFUS): Sonalleve
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'Department of Obstetrics & Gynecology, Hwa Myung 1l Sin Christian Hospital, Department of Obstetrics & Gynecology, Pusan National
University School of Medicine, Busan, Korea

Objectives: Magnetic resonance imaging (MRI)-guided high intensity focused ultrasound surgery (MRgFUS) is a newly emerging
non-invasive technique for the treatment of uterine fibroids. The purpose of this study is to review the clinical impact of MRgFUS.
Methods: This study examined 157 patients. The high intensity focused ultrasound (HIFU) utilized in this study was Philips Achieva
1.5 Tesla MR (Philips Healthcare, Best, the Netherlands) and Sonalleve HIFU system. The patients were followed in post-operative
Month 1, Month 3, and Month 6 to investigate any change. Then, these were further classified according to the use of uterine
stimulant (oxytocin) in parallel, Funaki Type of uterine fibroid, HIFU intensity, and non-perfused volume (NPV) ratio.

Results: When the uterine stimulant was utilized, the HIFU intensity was measured at significantly lower levels, compared with the
group not using uterine stimulant, and treatment duration was significantly. The NPV ratio was found significantly higher in the
group using uterine stimulant. Concerning the correlation between Funaki Type of uterine fibroid and average sonication power,
it was found that the closer to Type [, the lower the sonication power, the shorter the treatment duration, and the higher the NPV
ratio significantly.

Conclusions: In this study, it was found that the lower the Funaki Types of uterine fibroids, and the higher the NPV ratio
immediately after the operation, the larger the uterine fibroid volume decrease and SSS change were. Also, if uterine stimulant
was used in parallel in treatment, treatment duration and HIFU intensity could become shorter and lower. (J Menopausal Med
2016;22:94-107)
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Introduction

Uterine fibroids are one of the most common tumor
diseases in women, accounting for 20% to 25% of the
female population, There are diverse ongoing procedures for
uterine fibroids to treat profuse menstruation, menstrual
pain increase, size increase, subfertility, postmenopausal
size increase and others,” Laparoscopic myomectomy, one

of the treatment procedures of uterine fibroids, has been

widely known for its effectiveness ®* In subfertility patients,
significant differences have been reported in their post—
myomectomy fertility.”® In menopausal women, however,
it is reported that, under hormone treatment (estrogen—
progestin therapy), their uterine fibroid sizes could increase
temporarily and this is irrelevant to estrogen medication
methods and progesterone addition,”® Recently, as a way of
minimum invasion, single—incision laparoscope operation

has been actively implemented, which utilizes only 1 of
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the existing 3 to 4 ports used in the previous laparoscope
operation,”"

However, more non—invasive techniques are sought after
to avoid the risk of general anesthesia, longer hospitalization
and recovery period, Recently, as a non—invasive technique,
high intensity focused ultrasound (HIFU) has been
introduced and diversely implemented, HIFU is a thermal
therapy that increases the temperature of a focal point up
to 57°C to 80°C to result in coagulative tissue necrosis while
preserving uterus, HIFU does not require general anesthesia
and hospitalization, Patients can leave the hospital on
the very day of operation and return to their daily lives,
HIFU also gets the limelight as a non—invasive treatment
technique of adenomyosis in subfertility patients, which has
had no effective therapy, HIFU technique is reported to
promote the relief of symptoms due to adenomyosis, ™" Also,
studies have been going on about the impaired implantation
and habitual miscarriage in subfertility cases due to
adenomyosis, "

HIFU treatment is divided into ultrasound image—
guided HIFU (USgHIFU) and magnetic resonance imaging
(MRI)—guided HIFU (MRgHIFU) based on the operative
uterine fibroid monitoring methods, The MRI—guided
technique allows thermometry and easy monitoring of
surrounding organs, But it is a quasi—real time technique,
The ultrasound image—guided technique does not allow
thermometry implementation and monitoring of surrounding
organs and parts deeper inside, Still, the treatment is made
within a relatively shorter period of time, HIFU cannot
ultimately eradicate uterine fibroids and makes tissue
inspection difficult,

This research by the Obstetrics and Gynecology (Ob/
Gyn) of the Hospital introduces the clinical effectiveness
of Sonalleve—MRgFUS by investigation the uterine myoma
volume change, patients’ clinical improvement status and re—
intervention in uterine fibroid cases treated with Sonalleve—
MRgFus,

Materials and Methods

1. Study subject and method
This study investigated 157 patients who had received

MRgFUS at the Ob/Gyn of the Hospital from March 2015 to
February 2016, This study was approved by the Institutional
Review Board of the Hospital, All of the study treatment
procedures were performed by the HIFU team consisting of
4 obstetricians, 2 medical imaging specialists, 2 radiotherapy
specialists and 1 nurse, The MRI and HIFU utilized in this
study were Philips Achieva 1.5 Tesla MR (Philips Healthcare,
Best, The Netherlands) and Sonalleve HIFU system,
Patients’ information was collected via retrospective data
analysis based on hospitalization record, outpatient record,
and operational record, Patients information includes age,
past child delivery record, past medical operational history,
HIFU indicant, adenomyosis existence, Funaki type of
uterine fibroid, the number of treated uterine fibroids in
multiple myoma cases, HIFU treatment hours, Modified
blood—retinal barrier (BRB) use, average HIFU intensity,
gaps between pre/post—operative changes in hemoglobin
(Hb) and cancer antigen 125 (CA—125), post—operative pain
and skin burn, complication existence such as intestinal
or bladder damage, changes in uterine fibroid volumes in
post—operative Month 1, Month 3, and Month 6, and post—
operative changes in clinical symptoms, Concerning Funaki
type of uterine fibroid, if a fibroid showed lower intensity
image in the pre—operative T2—weighted image, compared
with the skeletal muscle signal, such a case was defined as
Type I, higher than the skeletal muscle signal but lower
than myometrium signal, Type II; equal to or higher than
the myometrium signal, Type III To evaluate the seriousness
of patients’ symptoms.” the Symptom severity score (SSS)
was utilized in the study to measure their pre—operative
status and post—operative Month 1, Month 3, and Month 6
status.® SSS investigated whether the patients had profuse
menstruation, blood clots during menstruation period, a long
period, serious change in menstrual cycle, lower abdominal
discomfort, dysuria, nocturia, and fatigue by scoring them
from 1 to 5 points then sum the scores, Treatment duration
was defined as the time of HIFU commencement to the
time of final round of HIFU treatment, For pre/post—
treatment blood tests, the measurements gained in the
last pre—treatment blood test were utilized as well as the
measurements in post—treatment Month 1, Month 3, and
Month 6, Complication is defined as a physical status in

need of additional medical treatment due to HIFU treatment,
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Complication cases include urogenital problems such as at
least 5—day—long uterine hemorrhage, 3—day—long fever or
longer, and hematuria; along with intestinal injury, nerve
damage and skin burn, Temporary hematuria and skin burn
not more serious than the first degree and not larger than 2

cm in its size were excluded,

2. Operation method

All of the patients fasted for 8 hours then visited the
outpatient unit to do the general preparations for a surgical
operation and moved to the MRI room, The patients took a
prone position on the MRI bed, The HIFU coils were placed
on the patients and MRI scan was implemented to adjust a
precise focus, If the intestine was found in front of uterus in
the first MRI test scan just before the treatment, modified
BRP (bladder and rectum filling and bladder emptying)
technique was conducted to avoid possible intestinal injury
by high intensity ultrasound, Modified BRP technique is
to change the position of uterus or intestine by filling in
the bladder with normal saline or rectum with glycerin or
through other diverse techniques in order not to expose

intestine to HIFU for intestine damage prevention, To
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control patients pain, Fentanyl (Fentanyl inj., 500 ug/10
mL) and Ketorolac (Keromin inj,, 30 mg/1 mL) were
injected through infusion pump, If the operation duration
is longer than 60 minutes, epidural catheter was inserted
then Fentanyl and Bupivacaine (Bupivacaine MYM inj., 50
mg/20 ml) were administered to control pain, The patients
received uterine stimulant, Carbetocin (Duratocin inj,, 100
ug/1 mL), together, if necessary. For the sake of safety,
an emergency stop button was placed in the patients’ hand,
Then, HIFU treatment was conducted under real—time
MRI scanning, The HIFU treatment was done under quasi
real time MRI scanning, Based on thermometry, HIFU—
caused temperature change in the focus area was observed
along with the temperature change in surrounding organs
(Fig. 1). The Hospitals Sonalleve HIFU system is linked to
Philips Achieva 1,5 Tesla MR, Its treatable depth is up to 12
cm inside from patients’ skin; frequency of high intensity
ultrasound is 1,2 or 1,4 MHz; and output can reach up to
200 W, Sonalleve HIFU system employs the volumetric
heating algorithm and uses 4 mm, 8 mm, 12 mm, 16 mm—
diameter treatment cells,"” The Hospital set the goal of focal

point temperature increase to at least 57°C and 240 eqivalent

Fig. 1. Coronal (A) and sagittal (B) magnetic resonance (MR) thermometry images show temperature overlay and the magnetic resonance
(MR); white lines, white arrow) during volumetric MR imaging (MRI)-guided high intensity focused ultrasound surgery (MRgFUS) ablation
with a 16 mm treatment cell. X-shaped two white triangles are their presumed sonication pathway. Yellow box indicate the 30-240 EM
area, the possible thermal damage (yellow arrow). MR thermometry show the temperature of abdominal skin (C) & tissues adjacent to

sacrum (D).
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minutes (EM) and has applied diverse cell sizes, By using
the minimum output power reaching the targeted focal
point temperature, skin burn was minimized, To measure
the tissue temperature change, the MRI—thermometry was
recorded based on proton resonance frequency shift,'*"
Every patient was scanned with pre—operative T2—, T1—
weighted MRI and contrast enhanced T1—weighted MRI
while receiving contrast enhanced Tl—weighted MRI
scanning immediately after the operation for non—perfused
volume (NPV) check before completing the procedure (Fig.
2). Post—treatment NPV was calculated by measuring the
circumference of sequential slice in the prolate ellipse (length
X width X depth X 0.523) method.”

3. Statistical analysis

For this study statistical analysis, SPSS version 18,0
(SPSS Inc,, Chicago, IL, USA) was employed, Chi—square
test or Fischer's exact test, independent sample t—test, and
one—way analysis of variance (ANOVA) were utilized, If the
significance probability (P value) was less than 0,05, such a

case was deemed statistically significant in this study,

Results

The ages of 157 patients receiving MRI—guided HIFU

procedure ranged widely from 25 to 66 but more of them

were around the age of 42 with the mean age of 42,08
years old, standard deviation of 6,20 years, and median of
42.50 years, Only 3 of them were after menopause while
most of them were before their menopause, In 35% of them,
adenomyosis was also accompanied, Eight (5.1%) of them
had experienced hysteroscopic myomectomy, The average
number of uterine fibroids was 4,24 with the average size
of 7.27 + 2,63 cm and volume of 174,48 + 206,97 cm’,
Fifty—eight (36,9%) of them were Funaki type I; 43 (27.4%),
Funaki type II; and 54 (34.4%), Funaki type III, Of them,
115 (73.2%) had intramural fibroids and their main symptom
was profuse menstruation found in 31 (19.7%), the largest
part of them, The average SSS was 27.24 + 4.76 (Table 1),

The average treatment hours was 102,24 + 56,24 minutes
and average HIFU intensity was 115,22 + 25,43 W, The
average NPV was found 107,30 & 132,52 and, average NPV
ratio was 65,60 + 22.73% (Table 2),

The post—operative SSS began to decrease fast to record,
72% in Month 1 and 45% in Month 3 (Table 3). In Month
6, however, the level was observed as high as 76%, This is
deemed because many patients were not followed more than
3 months for their symptom relief while most of the patients
followed for 6 months experienced insignificant symptom
recovery due to the accompanied adenomyosis, etc, Uterine
fibroid volume in Month 1 fell to 42%; Month 3, 35%, and
Month 6, 25%. Post—MRgFUS Hb levels did not change

much, It is deemed that this is because the levels were

Fig. 2. (A) T2-, (B) T1-weighted magnetic resonance (MR) image before high intensity focused ultrasound (HIFU), (C) Contrast enhanced
T1-weighted MR image after HIFU show excellent non-perfused volume (NPV) and NPV ratio. Arow indicate the multiple fibroid of uterus.
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Table 1. Clinical characteristics of 157 patients undergone
magnetic resonance imaging-guided high intensity focused
ultrasound (MRgFUS)

Table 2. Operative outcomes of 157 patients undergone magnetic
resonance imaging-guided high intensity focused ultrasound
(MRgFUS)

Mean + SD or

Mean + SD or

Characteristics No of patients (%) Characteristics No of patients (%)
Age (years) 42.08 + 6.20 Use uterotonics 118 (75.2)
Menopaused state 3(1.9) Use BRB techinque 147 (93.6)
Combined with adenomyosis 55 (35.0) Bladder filling volume (mL) 204.26 + 7748
Focal type 38 (24.2) Rectum filling volume (mL) 192.52 + 28.89
Diffuse type 17 (10.8) Average sonication power (W) 115.22 + 2543
Previous abdominal surgery type Treatment time (min) 102.24 + 56.24
C/Sec 27 (17.2) NPV (cm?) 107.30 + 132.52
Myomectomy 8(5.1) NPV ratio (%) 65.60 + 22.73
Hysteroscopy 7 (4.5) <25% 7 (4.5)
Want fertility 64 (40.8) 25%-50% 34 (21.7)
Numbers of fibroids 4.24 £3.29 50%-75% 46 (29.3)
Longest diameter of fibroids (cm) 727 + 2.63 >75% 68 (43.3)

Volume of fibroids (cm?) 174.48 + 206.97

Funaki type of fibroids

Typel 60 (38.2)
Type II 43 (27.4)
Type II 54 (34.4)
Location of fibroids
Intramural 115 (73.2)
Submucosal 2(1.3)
Subserosal 12 (7.6)
Main Symptoms
Menorrhagia 31(19.7)
Abnormal uterine bleeding 12 (7.6)
Dysmenorrhea 14 (8.9)
Urinary symptomes 1(0.6)
Pelvic pressure symptoms 2(13)
Bulk symptomes 46 (29.3)
Fatigue 2(1.3)
Long menstration 1(0.6)
SSS 27.24 £ 476

C/Sec: caesarian section, SSS: symptoms severity score, SD: stan-
dard deviation

98
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SD: standard deviation, BRB: blood-retinal barrier, min: minute,
NPV: non-perfused volume

controlled or being controlled in most of the cases thanks
to iron preparation taking or transfusion, etc, and most
patients without a symptom refused blood collecting, CA—
125 decreased from the average pre—operative level of 67,12
+ 120,90 to 39.08 *+ 41,27 in post—operative Month 1 but
rose to 75,29 + 164,66 in Month 3; and 219,42 + 265,56,
in Month 6, It is also deemed because patients with recovery
were not followed while only those with slow recovery due to
accompanied adenomyosis, etc, were followed, Complications
were found in 20 cases (12.7%). Minor burn was found in
19 cases and continued abnormal uterine hemorrhage, in 1
case, But no surgical operation, etc, were performed in any
case, Severe burn, nerve damage or intestinal damage was
not observed, In 13 cases, re—intervention was observed,
In 6 cases, hysteroscopic myomectomy was performed,
in 4 cases, mirena insertion; in 2 cases, laparoscopic
myomectomy; and in 1 case, laparoscopic hysterectomy,
Among the patients receiving uterine fibroids ablation
based on MRI—guided HIFU, uterine stimulant was used in
parallel in 39 cases (Table 4), When the uterine stimulant

was used, the group showed statistically significantly lower



Jae-Hyeok Jeong, et al. Ablation of Uterine Fibroids with MRgFUS

Table 3. Clinical outcomes of 157 patients undergone magnetic resonance imaging-guided high intensity focused ultrasound (MRgFUS)

Clinical outcome

Mean + SD or No of patients (%)

SSS before MRgFUS
SSS ratio after MRgFUS in 1 month later
SSS ratio after MRgFUS in 3 month later
SSS ratio after MRgFUS in 6 month later
Volume of fibroids before MRgFUS

Ratio of volume change after MRgFUS in 1 month later (%)
Ratio of volume change after MRgFUS in 3 month later (%)

Ratio of volume change after MRgFUS in 6 month later (%)

Hb before MRgFUS (g/dL)
Change of Hb after MRgFUS in 1 month later
Change of Hb after MRgFUS in 3 month later
Change of Hb after MRgFUS in 6 month later
CA-125 before MRgFUS (g/dL)

Ratio of CA-125 change after MRgUS in 1 month later
Ratio of CA-125 change after MRgUS in 3 month later
Ratio of CA-125 change after MRgUS in 6 month later

Complication
Minor burn
Vaginal bleeding, heavy
Re-intervention
Hysterectomy
Laparoscopic Myomectomy
Hysteroscopic myomectomy

Mirena insertion

2724 + 476
0.72+0.12
045+ 0.18
0.76 £ 0.13

174.48 + 206.97

42.04 + 21.89

35.27 + 22.60

25.60 * 23.39

1195+194
042 +1.87
0.52 + 1.89

-0.60 £ 1.93

67.12 + 120.90
0.95 + 0.68
0.73 + 0.60
0.96 + 0.94

19 (12.1)
1(0.6)
83
1(0.6)
2(13)
6(3.8)
4(25)

SD: standard deviation, SSS: symptom severity score, MRgFUS: magnetic resonance imaging-guided high intensity focused ultrasound,

Hb: hemoglobin, CA-125: cancer antigen 125

HIFU intensity (110,26 + 22,60 vs, 130,51 + 27,81 W) than
the group not using uterine stimulant, And its treatment
duration was found shorter as well (94,68 + 54,53 vs,
127.76 + 53,63 minutes) (Fig. 3). The NPV ratio was
also found higher in the uterine stimulant—using group,
indicating significantly higher therapeutic effectiveness
(67.30 + 21,59 vs, 59.87 + 25.27). The SSS change ratio
in post—operative Month 3 was also measured statistically
significantly lower, indicating better performance of post—

operative symptom ease in the uterine stimulant—using

group (0.33 + 0,10 vs, 0,43 + 0.16). No other complication,
uterine fibroid volume change, or re—intervention correlation
was observed,

Concerning the correlation between Funaki type of uterine
fibroid and average sonication power, it was found that the
closer to Type I, the lower the sonication power was with
statistical significance (spearman correlation coefficient
0.305). Regarding the correlation between treatment
hours and NPV ratio, shorter treatment hours and higher

NPV ratio were observed with statistical significance, The

http://dx.doi.org/10.6118/jmm.201622294 QQ
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Table 4. Clinical outcomes of 157 patients undergone magnetic resonance imaging-guided high intensity focused ultrasound (MRgFUS)

used with uterotonics

Mean + SD or No of patients (%)

Clinical characteristics

Use Not use
Numbers 39 118
Size of fibroids (longest diameter, cm) 742 +272 6.90 + 2.27

Volume of fibroids (cm?)
Sonication power (W)
Treatment time (min)
NPV ratio (%)
SSS before MRgFUS
SSS ratio after MRgFUS in 1 month later
SSS ratio after MRgFUS in 3 month later
SSS ratio after MRgFUS in 6 month later
Volume ratio of fibroids after MRgFUS (%)
Volume ratio in 1 month later
Volume ratio in 3 month later
Volume ratio in 6 month later
Complication

Re-intervention

186.86 + 225.46
110.26 + 22.60
94.68 + 54.53
67.30 + 21.59
2751+ 5.02
0.71+0.13
042 +0.17
0.33+0.10

4311 + 2218

38.57 + 22.60

2361 + 2263
8 (20.5)
9(231)

141.26 + 135.84
130.51 + 27.81*
127.76 + 53.63*
59.87 + 25.27
26.51 + 3.84
0.73 £+ 043
0.50 + 0.19*
043 +0.16

38.84 + 21.23
28.50 + 21.55
27.08 = 24.57
12 (10.2)
4 (34)

*P value < 0.05

SD: standard deviation, min: minute, NPV: non-perfused volume, SSS: symptom severity score, MRgFUS: magnetic resonance imaging-

guided high intensity focused ultrasound
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Fig. 3. Correlation between average sonication power, average treatment time, and using with uterotonics.* *Spearman correlation
coefficient were 0.320 between the average sonication power and using or not using with uterotonics, -0.344 between treatment time and

using or not using with uterotonics.
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spearman correlation coefficient was 0,185, and correlation
coefficient was —0,320, respectively (Table 5; Fig, 4).
According to Funaki type of uterine fibroid, Type I and
Type II showed significantly lower pre—operative SSS levels
and the SSS change ratios were also significantly lower in
all of the post—operative Month 1, Month 3, and Month
6. However, no correlation was found between Funaki
type of uterine fibroid and uterine fibroid volume change,
complication existence or re—intervention,

Depending upon HIFU intensity, the cases were classified
into HIFU intensity not higher than 100 W, 100 to 130 W,
130 to 160 W, and not lower than 160 W, It was found that
the lower the intensity, the shorter the average treatment
hours, But no significant correlation was found with NPV
ratio, uterine fibroid volume change, and SSS change (Table

6). Complication existence showed no statistically significant

relation, But minor skin burn was found in 3/7 patients
(17.6%) in less than 100 W output; 10/37 patients (27%) in
100 W to 130 W; 6/21 patients (28.6%) in 130 to 160 W; and
1/2 patients (50%) in 160 W or stronger, demonstrating the
higher the HIFU intensity, the more the skin burn cases,
Re—intervention showed no statistically significant result,
When the NPV ratio was classified into 25% or lower,
25% to 50%, 50% to 75%, and 75% or higher; it showed no
correlation with average sonication power and treatment
hours, But significant correlation was found with post—
operative Month 1, Month 3 and Month 6 SSS change and
Funaki type of uterine fibroid as well as post—MRgFUS
Month 1 and Month 6 uterine fibroid volume change, No
correlation was observed with complication existence and re—

intervention (Table 7).

Table 5. Clinical outcomes of 157 patients undergone magnetic resonance imaging-guided high intensity focused ultrasound classified

by Funaki type of fibroids

Mean + SD or No of patients (%)

Clinical characteristics

Funaki type I Funaki type II Funaki type III
Numbers 58 42 57
Size of fibroids (longest diameter, cm) 6.30 £ 2.29 793 + 275 7.92 + 253*

Volume of fibroids (cm?)

Sonication power (W)

114.70 + 169.77
107.76 + 21.03

Treatment time (min) 8797 £ 52.76
NPV ratio (%) 71.75 £ 19.73
SSS before MRgFUS 2641 + 4.66
SSS ratio after MRgFUS in 1 month later 0.74 £ 0.97
SSS ratio after MRgFUS in 3 month later 047 +0.19
SSS ratio after MRgFUS in 6 month later 036 +0.12
Volume ratio of fibroids after MRgFUS (%)
Volume ratio in 1 month later 45.02 + 2211
Volume ratio in 3 month later 45.59 + 21.37
Volume ratio in 6 month later 24.99 + 21.56
Complication 5(8.6)
Re-intervention 2(34)

203.63 + 193.87
110.70 + 22.82
111.26 + 5415
7191 + 19.16
25.84 + 430
0.74 £ 0.13
045 +0.17
036 +0.12

39.56 + 17.26

31.36 + 18.37

14.98 + 10.83
5(11.9)
3(7.0)

221.09 + 240.03*
127.22 + 27.90*
111.87 + 58.75*
53.20 + 23.74*
2946 + 445*
0.70 +0.12
041 +0.18
0.36+ 0.15

40.88 + 24.83
2939 + 25.18
3091 + 28.02
10 (17.5)
8 (14.0)

*P value <0.05

SD: standard deviation, min: minute, NPV: non-perfused volume, SSS: symptom severity score, MRgFUS: magnetic resonance imaging-

guided high intensity focused ultrasound

http://dx.doi.org/10.6118/jmm.2016.22.2.94 101
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Average sonication
power classification
(1: <100, 2: 100-130,
3: 130-160, 4: >160)

NPV ratio classification
(1: <25%, 2: 25-50%
3: 50-75%, 4: >75%)
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Fig. 4. Correlation between non-perfused volume (NPV) ratio, average sonication power and Funaki type of uterine fibroids after magnetic
resonance imaging (MRI)-guided high intensity focused ultrasound surgery (MRgFUS). *The average sonication power was classified by 1:
<100, 2 :100-130, 3 :130-160, 4: >160. Pearson correlation coefficient and Spearman correlation coefficient were 0.311 and 0.300 between
the average sonication power and Funaki type of uterine fibroid, -0.344 and -0.320 between the NPV ratio and Funaki type of uterine
fibroid in MRgFUS;both were statistically significant.

Table 6. Clinical outcomes of 157 patients undergone magnetic resonance imaging-guided high intensity focused ultrasound classified
by sonication power level

Mean + SD or No of patients (%)

Clinical characteristics

<100 W 100 W-130 W 130 W-160 W >160 W

Numbers 57 63 31 6
Size of fibroids (longest diameter, cm) 7.27 +2.75 6.80 + 2.36 7.82 + 215 9.52 + 2.63*
Volume of fibroids (cm?) 184.00 + 222.70 13224 +121.96 199.89 + 185.08 387.50 + 549.99*
Treatment time (min) 78.10 + 47.06 96.86 + 44.86 140.37 £ 51.17 200.50 + 75.17*
NPV ratio (%) 68.63 + 20.89 65.73 £ 22.35 62.38 + 24.92 51.70 + 30.38
SSS before MRgFUS 26.55 + 4.65 27.18 £ 5.32 28.58 +3.81 27.50 £3.33

SSS ratio after MRgFUS in 1 month later 0.73 £ 094 0.70 £ 0.15 0.73 £ 049 0.76 £ 0.56

SSS ratio after MRgFUS in 3 month later 039 +0.17 048 £ 0.18 046 + 0.20 0.51 £ 0.17

SSS ratio after MRgFUS in 6 month later 032 +0.81 0.37 £+ 0.15 0.39 +0.14 034 +011
Volume ratio of fibroids after MRgFUS (%)

Volume ratio in 1 month later 40.97 + 2043 40.74 + 22.35 4410 + 23.72 53.56 + 21.88

Volume ratio in 3 month later 3117 + 18.36 37.26 + 2301 3182 £ 2412 47.10 + 29.80

Volume ratio in 6 month later 14.26 + 12.32 18.13 + 19.93 33.69 + 24.71 67.60
Complication 4 (7.0) 10 (15.9) 6 (19.4) 0(0.0)
Re-intervention 3(5.3) 2.2 4 (12.9) 4 (66.7)

*P value < 0.05

SD: standard deviation, min: minute, NPV: non-perfused volume, SSS: symptom severity score, MRgFUS: magnetic resonance imaging-

guided high intensity focused ultrasound
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Discussion

Uterine fibroid is one of the most common benign tumor
disease in women, Its fundamental treatment involves
hysterectomy, general anesthesia, long hospitalization and
period, long recovery time, For uterine fibroid patients
who want to keep their uterus, non—invasive preservation
treatment methods have been continuously discussed, In this
context, diverse techniques have been introduced such as
medicine treatment, hysteroscopic myomectomy, laparoscopic
myomectomy, single—incision laparoscopic myomectomy,

uterine arterial embolization, radiofrequency myolysis,

and HIFU,”* Of them, HIFU is advantageous as it can be
applied to large—sized lesion or multiple lesions; repeated
treatment application is possible, its treatment process can
be observed during and after operation and its effectiveness
can be assessed, and it does not require anesthesia and skin
incision, In this sense, HIFU can be viewed as the most
non—invasive technique while keeping the uterus unremoved
(Fig. 5).

HIFU treatment mechanism is divided into thermal effect
and non—thermal effect such as cavitation, Thermal effect
is generated by irreversible apoptosis through coagulative

necrosis caused by raising temperature to at least 56°C

Table 7. Clinical outcomes of 157 patients undergone magnetic resonance imaging-guided high intensity focused ultrasound classified

by non-perfused volume ratio

Mean + SD or No of patients (%)

Clinical characteristics

<25% 25%-50% 50%-75% >75%
Numbers 7 34 46 70
Size of fibroids (longest diameter, cm) 920 £ 2.28 7.79 + 240 7.28 +2.38 6.83 + 2.82

Volume of fibroids (cm?) 321.62 + 281.64

Funaki type of fibroids

188.49 + 250.59 175.22 + 196.75 151.97 + 179.35

Funaki type I 0 (0)
Funaki type II 1(23)
Funaki type III 6(11.5)

Sonication power (W) 117.14 + 2751

Treatment time (min) 131.00 + 70.73

NPV ratio (%) 20.64 + 2.75
SSS before MRgFUS 30.57 £ 7.02
SSS ratio after MRgFUS in 1 month later 0.72 + 044
SSS ratio after MRgFUS in 3 month later 049 +0.20
SSS ratio after MRgFUS in 6 month later 042 +0.21
Volume ratio of fibroids after MRgFUS (%)
Volume ratio in 1 month later 20.86 + 27.50
Volume ratio in 3 month later 3167 + 4152
Volume ratio in 6 month later 3270 + 33.84
Complication 1(14.3)
Re-intervention 3429

9 (15.5) 19 (32.8) 32 (53.3)*
6 (14.0) 10 (23.3) 26 (60.5)*
19 (36.5) 17 (32.7) 12 (22.2)*

119.71 + 3242

113.26 + 2251

114.26 + 23.52

115.00 + 66.65 101.76 + 4147 94.06 + 57.07
36.65 + 6.93 6312 + 6.66 86.59 + 5.96*
2712 +525 2774 +3.87 2657 + 477

071 +013 072 +0.10 072 +0.12
047 +0.17 043 +0.19 044 +0.18
035+ 0.12 035+ 013 036 + 011
3740 + 2243 4505 + 2093 4468 + 20.66*
3848 + 2333 3567 + 19.36 34.86 + 21.84
42.18 + 36.12 15.97 + 1476 2399 + 17.69
5 (14.7) 6 (13.0) 7 (10.0)
2(59) 2(43) 6 (8.6)

*P value <0.05

SD: standard deviation, min: minute, NPV: non-perfused volume, SSS: symptom severity score, MRgFUS: magnetic resonance imaging-

guided high intensity focused ultrasound
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by exposing for 1 second.” Tissue destruction by sound
wave cavitation takes place as intracellular organelles and
intra—organ fluid expand and contract due to sound wave
pressure, It is known that as bubbles burst, sound wave
pressure increases and pushes up the temperature to a
high level instantly to destroy tissues, In other words, when
human body is exposed to high intensity ultrasonic waves,
the sound pressure effect of sound wave is known to make
intracellular moisture into fine bubbles and if the bubbles
grow larger enough to cause resonance, they suddenly burst
and generate high pressure shock wave to destroy tissues,”
The Sonalleve HIFU system employs equivalent minutes
(EM) unit as the standard for the biological effect of heat,
Between 0 and 30 EM, it recognizes no thermal damage,
Between 30 and 240 EM, thermal damages are recognized
such as cellular wall destruction, edema, diverse blood vessel

damages, etc. but most are reversible, At 240 EM or higher,

it recognizes the possibility of irreversible coagulative
necrosis, It is said that 240 EM is achieved for 15 minute
exposure to 47°C; 1; 1 second to 57°C; 1/8 second to, 60°C;
and 1/32 second to 62°C,

Kim et al.™
fibroids’ T2—weighted signal, the higher the cellularity; and

the better the perfusion, the higher the vascularity, Thus,

explained that the higher the uterine

they viewed it was difficult to perform HIFU treatment, In
the case of hypercellularity and hypervascular fibroids, they
said HIFU could be hardly implemented in over 2 cm—thick
subcutaneous fat layer; and in the case of hypocellularity
and hypovascular fibroids, it would be hard in over 2.5 to 3
cm subcutaneous fat layer,

In the Hospital, excluded cases are MRI contraindication,
pregnancy, intestinal location suspicious of synechia of high
intensity ultrasound beam pathway, fibroids with excessively

bright T2—weighted signal, excessively heterogeneous

Fig. 5. (A) T2- weighted magnetic resonance (MR) image before high intensity focused ultrasound (HIFU), red triangle indicated the
beam pathway, (B) Contrast enhanced T1-weighted MR image after HIFU show excellent non-perfused volume when using with multiple
sonication beam pathway in the multiple fibroids, multipe fibroids on the same beam pathway was ablated simultaneously during one
sonication.
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myoma, calcificated myoma, myoma with serous internal
necrosis, obesity with overly thick subcutaneous fat layers,
12 cm or longer distance between skin and myoma center,
and uterus size of 24 weeks or over,

MRgFUS complications are skin burn, thermal damage of
abdominal wall muscle and subcutaneous fat, sciatic nerve
damage, hematuria, intestinal injury, abnormal uterine
hemorrhage, etc, But many studies have not reported
other than minor skin burns, The Hospital also observed
complications in 20 cases (12.7%); minor burn in 19 cases;
and continued abnormal uterine hemorrhage in only 1 case,

After MRgFUS, uterine fibroids showed volume reduction
of 19% to 80% to record NPV ratio of 16,3% to 98%, Larger
volume reduction is reported as NPV ratio increases, In the
event of uterine fibroids ablation of 80% or over, volume
decrease in Month 3 is reported to be 50% to 60%.; Month
12, 30% to 40%.”

Gizzo et al.” reported that every study utilized
uterine fibroid symptom and quality of life (UFS—QOL)
questionnaire to measure symptom relief and in overall data,
symptom relief was shown in Month 6 from 56,3 to 31,0,
They also reported that the higher the NPV ratio, the larger
the symptom relief was, By comparing long term outcomes,
Funaki et al.”® in 2007, reported that in the event of 40%
uterine fibroid volume reduction, SSS score fell from 35 to
15, indicating improvement, They also found 14,0% of re—
intervention rate within 2 years in Kunaki types I, and II;
and 21.6% in Type III, In 2015, Mindjuk et al.*® studied 252
patients in a single institution and explained that at 80%
NPV ratio or higher, uterine fibroid volume decrease was
effective enough to produce excellent treatment performance,

The Hospital also found more significant correlation with
post—operative Month 1 and Month 6 uterine fibroid volume
decrease at higher NPV ratios, The NPV ratio showed
significant correlation with Funaki Type, The NPV ratio
rose higher as the type was closer to Type I, Post—MRgFUS
SSS began to drop fast to record 72% in Month 1, and 45%
in Month 3, In Month 6, however, the level went up back
to 76%, This is deemed because the patients with symptom
recovery were hardly followed and most of the patients
followed for 6 months after the operation had accompanied
adenomyosis, and others to experience only minor recovery,

Uterine fibroid volume reduction in Month 1 was 42%; Month

3, 35%; and Month 6, 25%, The closer to Funaki Type I, the
larger the reduction was,

Concerning the study on HIFU treatment using uterine
stimulant in parallel, Zhang et al.”’ reported that, in
adenomyosis cases, observed significantly shorter high
intensity ultrasound treatment duration along with high,
NPV ratio, concluding that uterine stimulant use was
effective in ablating adenomyosis, Regarding uterine fibroids,
Huang et al.”® measured the sonication energy necessary to
reach 60°C in MRgFUS and reported its significant decrease
when using uterine stimulant together, But no clinical
study has conducted, In this present study, when uterine
stimulant was utilized in parallel, HIFU intensity was
measured significantly lower and the treatment duration
was also found shorter (Fig, 4). The NPV ratio was found
higher in group using uterine stimulant and SSS change
ratio in post—operative Month 3 was also significantly lower
to conclude high therapeutic effectiveness of using uterine
stimulant together,

In this study, as the Funaki Type of uterine fibroid was
closer to Type I, sonication power grew significantly lower,
treatment hours grew shorter; and NPV ratio rose higher,
(Fig. 5) From this finding, it can be inferred that when
the type is Funaki Type III, vascularity would be higher in
adenomyosis and response to the HIFU treatment would be
inactive, In Funaki Type I and Type II, pre—operative SSS
was found significantly lower, In post—operative Month 1,
Month 3, and Month 6, SSS change ratio was significantly
lower,

Dorenberg et al.” performed MRgFUS by using the same
equipment as that of the Hospital for the average duration
of 156 minutes and average sonication frequency of 20
times, They reported to have found no side effect, Anne
et al, also utilized the same HIFU equipment as that of
the Hospital to follow up 36 patients for 21,4 months on
average, As a result, they reported to have found clinical
effectiveness in 61,1% of the patients and significant fall in
SSS from 42.8 + 16 to 25.4 + 18 on average.” Statistically
significant recovery was found especially in symptoms such
as pelvic heaviness in profuse menstruation and swelling,
Uterine fibroid volume decreased by 27% and the researchers
explained it was related with the NPV with statistical
significance (r = 0,373, P = 0,028). Re—intervention in Moth
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12, Month 18, and Month 24 was 2.8%, 8,5%, and 21 6%,
respectively,

In 2014, Quinn et al.*" reported overall re—intervention
rate as high as 42,8% within 3 years and 59,3% within 5
years, They explained that, if NPV was lower than 50%
or a uterine fibroid was Kunaki type III, the risk was
higher, However, in 2014, Gorny et al.*® reported the re—
intervention rate at 19% within 3 years and 23% within 4
years and explained the risk was higher if a patient was
relatively younger, or showed heterogeneous or high signals
in the T2—weighted images, Fukunishi, et al.* stated that
when using MRgFUS for uterine fibroid treatment, the
marginal of uterine fibroids should be ablated sufficiently to
reduce post—MRgFUS uterine fibroid regrowth, They also
explained that recurrence would be higher if the uterine
fibroid marginal with MRI non—perfusion looked comb—like
structure immediately after the operation,

The Hospital observed post—MRgFUS re—intervention in
13 cases or 8,3% during the 12—month follow—up period;
hysteroscopic myomectomy was implemented in 6 cases;
mirena insertion in 4 cases; and intra—abdominal surgery in
3 cases,

The purpose of this study is to report the results of non—
invasive uterine fibroid treatment based on Sonalleve—MRI—
guided HIFU and compare them with multiple existing study
indications with a view to inform a safer and more effective
treatment technique,

This study, however, is limited by not controlling the
skill of medical staff, age, uterine fibroid location, body
mass index, and number of people in dependent variables
such as menopause experience, Especially the number of
participants in blood test of this study was less than many,
Longer follow—up was not conducted to observe more about
re—intervention,

It seems necessary for subsequent study to unify
dependent variables, follow forward—looking strategy,
conduct a long—term follow—up, and research the safety
of MRgFUS for women with adenomyosis and who desire

pregnancy,
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