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Uterine fibroids are the most common benign uterine tumors and can cause various severe symptoms
as abnormal menstrual bleeding or pelvic pain. Therefore, the primary objective in the treatment

of uterine fibroids is a sufficient symptom relief. Ultrasound (US)-guided High-intensity focused
ultrasound (HIFU) is an effective non-invasive treatment strategy for ablation of uterine fibroids that
can achieve a significant tumor volume reduction. The aim of the study is to evaluate if US-guided
HIFU treatment can reduce fibroid-associated symptoms leading to an improvement of health-
related quality of life. Fifty-five women with symptomatic uterine fibroids underwent US-guided
HIFU ablation. Clinical evaluation was performed on the basis of the Uterine Fibroid Symptom and
Health-Related Quality of Life Questionnaire (UFS-QOL) at baseline, 6 weeks, 3, 6, 9 and 12 months
after HIFU. Imaging follow-up included contrast-enhanced ultrasound (CEUS) and contrast-enhanced
MRI. A significant reduction of the Symptom Severity Scale (SSS) was observed between 6 weeks and
12 months after HIFU (49.9 £ 19.4 at baseline vs. 42.2 +20.1 at 6 weeks and 23.6 +12.7 at 12 months
after treatment, p <0.001) correlating with a significant improvement (p <0.001) of Health-related
Quality of Life (HRQL) (52.5+22.7 at baseline vs. 59.8 +22 at 6 weeks and 77.9 +£17.3 at 12 months
after treatment). Significant postinterventional improvement was observed in every subscale of
HRQL. In the majority of patients, only minor, short-lasting and self-limiting side effects were
observed, e.g. soft tissue edema of the anterior lower abdominal wall in the acoustic pathway or
transient moderate lower abdominal pain as during menstruation. One patient with a very large
fibroid experienced strong short-lasting pain after the procedure; two patients experienced post-
procedurally a transient sciatic nerve irritation. US-guided HIFU of uterine fibroids reduces disease-
related symptoms and improves health-related quality of life.

Uterine fibroids, also known as leiomyomas or myomas, are the most common benign uterine tumors and cause
fibroid-associated symptoms in about 25-30% of the patients between 30 and 50 years'~*. A major symptom is
abnormal menstrual bleeding, in particular severe and extended bleeding (hypermenorrhoea and menorrhagia)
that can be associated with pelvic pain during menstruation (dysmenorrhea) and cause subsequent anemia*.
Large tumors can cause pelvic pressure or pain and compress adjacent organs which can lead to urinary urgency
and constipation®’. Further, uterine fibroids can be associated with infertility and pregnancy complications>®.
Current treatment strategies mainly involve surgical interventions as laparoscopic or hysteroscopic myomec-
tomy and laparoscopic hysterectomy>°. At the same time minimally invasive and non-invasive therapies are
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Parameter

Number of patients (mean) 55

Age (years; mean) 43.4+6.3 (range 28-57)
BMI (mean) 23.2+3.6 (range 16.4-36.4)

Leading symptoms

Hypermenorrhea and dysmenorrhoea | 50 (91%)

Pelvic pain 39 (71%)

Frequent urination 38 (69%)

Fatigue 51 (92%)

Localisation of uterine fibroids

Anterior wall 22 (40%)

Posterior wall 15 (27%)

Anterior and posterior wall 12 (22%)

Lateral wall 6 (11%)

Mean initial volume of treated fibroids 109.9+125 ml (range 4.5-634.2)
Desire for children 30 (54%)

Previous gynaecological treatment

Oral contraception

Ulipristal acetate

Myomectomy

Non-therapeutic hysteroscopy

[SUR N SRR N NN EEN |

Cesarean section

Table 1. Clinical characteristics of HIFU-treated patients with uterine fibroids.

Inclusion criteria Exclusion criteria
Age>18 years Extensive scarring in the acoustic pathway
Written informed consent Calcified fibroids

Mesh materials in the anterior inferior abdominal wall after hernia

Fibroid-related symptoms :
repair

Suitability for sedation

Visualisation in diagnostic sonography

Accessibility (distance between skin and deepest fibroid area max.
11 cm)

Fibroid diameter>2 cm

Table 2. Inclusion and exclusion criteria for US-guided HIFU.

becoming increasingly important™>'®!!. In animal data it has been shown that High-Intensity Focused Ultrasound
(HIFU) is an effective method for non-invasive ablation of uterine fibroids as it results in significant reduction of
fibroid volumes'?. Tumor volume reduction over time after HIFU treatment is due to a coagulation necrosis in the
ablated area which is based on thermal ablation'*~'°. This is enhanced by physical effects as acoustic cavitation's.
Both Magnetic Resonance (MR)-guided and Ultrasound (US)-guided HIFU are suitable for therapy of symp-
tomatic patients'®!7-*. Long-term clinical data show that HIFU can induce fibroid ablation with subsequent
lesion shrinkage in patients with symptomatic uterine fibroids'®!'*?!=23, Moreover, there is clinical evidence of
improvement in disease-related symptoms after HIFU in combination with shorter hospital stays, fewer adverse
events and faster recovery than laparoscopic myomectomy, as well as further data suggesting that HIFU may
improve the patients’ health-related quality of life!*72024,

As more data on patient-relevant clinical outcome following HIFU treatment are needed, the aim of this
study was to investigate changes in fibroid-associated symptoms and their impact on the quality of life of treated
patients. The primary objective therefore relates to patient-reported outcome using the Uterine Fibroid Symptoms
and Quality of Life (UFS-QOL) questionnaire.

Methods

Patient selection and characteristics. Data of 55 patients with uterine fibroids (average age 43.4 years,
Table 1) treated with US-guided HIFU were analyzed. Diagnostic ultrasound and MRI of the pelvis were used
to decide on fibroid eligibility for US-guided HIFU. Indications for HIFU treatment were confirmed by an inter-
disciplinary board in consideration of inclusion and exclusion criteria (Table 2). The study was performed in
accordance with the Declaration of Helsinki and approved by the local ethics committee of the University Hospi-
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Figure 1. US-guided HIFU system: schematic illustration of the US-guided HIFU unit JC Tumor Therapeutic
System (HAIFU Medical Technology, Chongqing, China). The treatment table has an aperture (1) with a water
basin (2). Patients with uterine fibroids lie in prone position with their lower abdominal wall at the level of the
aperture, so that the skin gets into contact with cooled water. The parabolic therapeutic transducer (3) and the
convex diagnostic ultrasonography probe are located in the center of the water basin. A therapeutic ultrasound
beam (4) is transmitted to the lesion. A ceramic transducer with a diameter of 15 cm and a focal length of 15 cm
is used for this at a frequency of 0.8 MHz. Between the transducer and skin of the lower anterior abdominal
wall a balloon filled with degassed water (5) is positioned to keep the bowel away from the acoustic pathway.
The ultrasound beam generated during the HIFU procedure has an oval-shaped focus of 1-3 mm in width and
8-15 mm in length. In this approach, a coagulation necrosis lesion is created in the target area. The next focal
point is selected when grey-scale changes become apparent in the target area indicating effective ablation. Thus,
multiple adjacent lesions on bordering layers produce linear and discoidal necrosis patches, allowing the entire
tumor area to be ablated as a volume unit.

Parameter Value
Treatment time [min] 162 +47*
Sonication time [s] 1089 +429
Total energy [kJ] 307.62+146.7
Average power [W] 278+68

Table 3. Intervention parameters of the HIFU treatment. *Mean + standard deviation values are shown.

tal Bonn. Written informed consent was obtained from all patients, inclusive for using their data. Clinical indica-
tions for US-guided HIFU treatment were based on leading symptoms as hypermenorrhea and dysmenorrhea,
pelvic pain and frequent urination (Table 1).

US-guided HIFU treatment. The day before the intervention, patients were asked to complete a bowel
preparation regimen that included a 12-h fast and the use of laxatives which aims protection from heat-induced
adverse effects. Immediately before HIFU procedure, the skin in the acoustic pathway was prepared by shaving,
degreasing, and degassing the anterior lower abdominal wall. HIFU ablation was performed under conscious
sedation using the Focused Ultrasound Tumor Therapeutic System (JC TTS, Haifu Medical Technology, Chong-
qing, China) (Fig. 1).

Target fibroids were identified with diagnostic ultrasound, sagittal slices were used to create a sonication plan.
A safety distance of 1 cm to the fibroid margin and surrounding structures at risk (bowel, biliary stents) was main-
tained to prevent heat-induced complications. The volume ablation was achieved by performing multiple focal
sonications in rows and adjacent layers. The applied power was adjusted individually for every patient (Table 3).

Adverse events were recorded by the interventionist and nurses at each follow-up time point (1, 6 weeks, 3,
6, 9 months, 1 year after HIFU). If a treatment-related adverse event was observed, patients were called at two-
week intervals until the event had resolved.

Clinical evaluation (UFS-QOL-Questionnaire). Clinical evaluation after HIFU treatment was per-
formed using the Uterine Fibroid Symptom and Health Related Quality of Life Questionnaire (UFS-QOL). The
UFS-QOL consists of 37 questions in total out of which 8 items refer to the Symptom Severity Scale (SSS) and
29 items are specific for the patients’ Health-Related Quality of Life (HRQL). The first 8 items refer to fibroid-
associated symptoms as changes during menstruation, pelvic pain, frequent urination and fatigue. Subscales of
HRQL are Concern, Activities, Energy and Mood, Control, Self-consciousness and Sexual Function. All items
were scored on a Likert-scale from 1 to 5 points. The sums of the subscale scores were converted into a trans-
formed score for symptom severity and HRQL ranging from 1 to 100. Consequently, a high score on the Symp-
tom Severity Scale indicates greater symptoms, whereas a high score for HRQL and its subscales indicates a bet-
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Patients with uterine fibroids
n=862

R [ ¢ Gynaecological surgical treatment ]

rreeestiesiTesseeeee> | No further treatment

Assessed for eligibility
n=180

Subserous and/or pedunculated fibroids

Location in the posterior wall or near os sacrum
Abnormal calcifications, hyaline degeneration
Lesion non-visible on ultrasound

} ¢ Unfavorable acoustic window (e.g. extensive scars)

{ USgHIFU treatment Very large fibroids (> 15 cm)

n=55

Figure 2. Study consort diagram: assessment for eligibility.

ter quality of life**~26. Assessment with UFS-QOL was performed at baseline prior to the intervention and within
the first post-ablation week, after 6 weeks and 3 months followed by 3-month time intervals.

Follow-up imaging. The follow-up imaging consisted of contrast-enhanced MRI (1.5- T. Ingenia MRI,
Philips Healthcare, Best, the Netherlands) and CEUS (Ultrasound device: EPIQ 5G, Philips Healthcare, Best,
the Netherlands; Contrast medium: SonoVue, Bracco Imaging S.p.A., Milan, Italy). CEUS was used for verifica-
tion of an effective US-guided ablation and MRI to evaluate treatment success in detail by visualizing the non-
perfused ablation volume of the target fibroids. The first post-interventional imaging was performed as follows:
CEUS examination immediately after the HIFU procedure, MRI within the next 4 days.

Statistical analysis. Data were analyzed using Stata Version 14.2 (StataCorp. Stata Statistical Software:
Release 14. College Station, TX: StataCorp LP). Mean, median, standard deviation (SD), range, and 95% confi-
dence intervals (CI) were estimated. The Symptom Severity Score and multivariate dimensions of health-related
QOL (energy and mood; control; concern; activities; sexual function; self-consciousness) were assessed using
the UFS-QOL questionnaire. The statistical evaluation of SSS and QOL subscales was performed using the mixed
longitudinal (panel) model at baseline and each follow-up as dependent variable. Follow-up questionnaires were
available at the time points 1 and 6 weeks, 3, 6, and 9 months, 1 year post-HIFU. Results were presented as con-
trasts (differences) and were verified for susceptibility of model dependency using a non-parametric Skilling-
Mack test for unbalanced panel data. A value of < 0.05 was considered statistically significant.

Results

HIFU treatment. About 72% of patients with symptomatic uterine fibroids at our center underwent gynae-
cological surgical treatment (617/862). Eligibility for US-guided HIFU was evaluated in 180 patients, 31%
(55/180) were suitable for treatment (Fig. 2). The treatment was performed successfully in selected patients
(n=55, 54 Caucasian, 1 African) regardless of fibroid location and initial lesion volume (e.g. Figure 3). Interven-
tion parameters are summarized in Table 3. Most patients (50/55) were treated with a single treatment session,
only 5 patients (9%) underwent a second HIFU ablation due to persistence of symptoms with a minimum inter-
val of 7 months to the first treatment.

In the majority of patients, only minor, short-lasting and self-limiting side effects were observed, e.g. soft
tissue edema of the anterior lower abdominal wall in the acoustic pathway (17/55) or transient moderate lower
abdominal pain as during menstruation (12/55). One patient with a very large fibroid experienced strong short-
lasting pain after the procedure; two patients experienced post-procedurally a transient sciatic nerve irritation.

Clinical evaluation (symptom severity score and health-related quality of life). The clinical
follow-up showed a significant reduction of fibroid-associated symptoms and a consequent improvement of
quality of life. A significant decline of the mean Symptom Severity Score (SSS) was observed between 6 weeks
and 12 months after ablation (49.9 +19.4 at baseline vs. 42.2 £20.1 at 6 weeks vs. 23.6+12.7 at 12 months after
treatment) correlating with a significant increase of the Health-Related Quality of Life (HRQOL) between
6 weeks and 12 months after HIFU (52.5+22.7 at baseline vs. 59.8 +22 at 6 weeks vs. 77.9+17.3 at 12 months
after treatment) (Fig. 4). Considering the different items of HRQOL a significant improvement of the subscale
Energy/Mood was observed between one week and 12 months after HIFU (48.6 +26.6 at baseline vs. 78.6 £21.2
at 12 months after treatment). An improvement of physical activities was represented by a significant increase of
the mean scores of the subscales Activities and Sexual Function between 6 weeks and 12 months after ablation
(Activities: 52.4+27.1 at baseline vs. 79.9+20.4 at 12 months after treatment; Sexual Function: 50.2+32.9 at
baseline vs. 78.4 +23.2 at 12 months after treatment). Another ablation-associated effect was the improvement of
the patients’ psychological well-being indicated by a significant score increase of the subscales Control between
6 weeks and 12 months (49.4+24.7 at baseline vs. 72.7 +23.3 at 12 months after treatment), Self- conscious-
ness between 3 and 12 months (63.5 +29.5 at baseline vs. 81.8 +22.5 at 12 months) and Concern between 6 and
12 months (55.2 £32.7 at baseline vs. 72.7 £ 5 at 12 months after treatment) (Fig. 5).
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Figure 3. MRI-images (sagittal T2-weighted sequences) of a 41-yearS old premenopausal patient with multiple
fibroids who presented with severe fibroid-associated symptoms (hypermenorrhea, dysmenorrhea, anaemia,
pelvic pain and pressure). There was no fibroid-specific previous therapy. The largest fibroid was located in

the fundus of the uterus and was the main target of ablation. In the 9-month follow-up a significant reduction
of tumor volume was observed. (a) Large predominant target myoma in the uterine fundus before HIFU
treatment. (b) At 3-month follow-up the volume reduction was about 53.7%. (c), (d) Fibroid volume reduction
of about 87.8% after 6 months (c) and 92.7% after 9 months (d) post-HIFU.

Discussion

The development of self-reported quality of life showed a nearly steady rise of the HRQOL score corresponding
to a steady decline of the SSS score. The validity of our findings is affirmed by the fact that the Uterine Fibroid
Symptom and Quality of Life (UFS-QOL) questionnaire is a psychometrically sound outcome measure, which
is recommended to assess patient outcome over time and across treatments?*?~?°. It does not only assess overall
quality of life and symptom severity, but also gives a differentiated insight into specific aspects of physical and
psychological well-being.

The subdomain Activities ask for physical, social or other daily activities, whereas the subdomain Energy/
Mood assesses tiredness, anxieties and sadness or hopelessness. Our findings show convincingly the significant
stabilization of mood and vitality and increased ability to take part in all kinds of daily activities. Mean scores
for both subdomains reached over 70 points, which indicates that at the 12-months follow-up symptom-related
limitations with regard to activities and mood existed on average only between a little and some of the time?’.
As the most important target of treatment is sufficient control of symptom burden the subdomain Control is
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Figure 4. Mean scores of Symptom Severity Scale (SSS) and Health-Related Quality of Life (HRQOL) after
ablation of uterine fibroids with US-guided HIFU. Significance levels are indicated by the stars attached (***
indicating p <0.001) next to average scores. Standard errors were symmetrical (positive error bars shown for
HRQOL and negative bars shown for SSS). FU Follow-up, m month, w week.
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Figure 5. Mean scores of the subscales of Health-Related Quality of Life (HRQOL) after HIFU ablation

of uterine fibroids are presented. Significance levels are indicated by the stars attached (*p <0.05, **p<0.01,
***p<0.001) next to average scores. Standard errors were symmetrical (only positive error bars are shown). The
average postinterventional scores indicate a significant treatment-associated improvement of all QOL subcales
(energy&mood, control, concern, activites, sexual function, self-consciousness). FU Follow-up, m month, w
week.
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of specific relevance. As early as 6 weeks after the intervention women reported significant improvements on
control persisting until the 12-months follow-up. This is of particular clinical relevance as symptomatic uterine
fibroids often grossly interfere with a wide spectrum of activities negatively affecting patients’ conviction of
being in control.

The dimension Concern asks for general health-related concerns and more specifically for concerns regarding
soiling of clothes or linen showing a delayed but significant improvement between 6 and 12 months after HIFU.
Moreover, HIFU has a positive impact on the subdomain Self-consciousness that assesses critical self-awareness
and attention regarding physical appearance and improves the patients” sexual function showing that HIFU
treatment improves fibroid-associated physical restrictions and reduces the disease-related psychological burden.

In line with our results a current meta-analysis including 4450 women compared HIFU with surgical inter-
ventions for symptomatic uterine fibroids proving the superiority of HIFU regarding symptomatic relief and
improvement of quality of life at 6- and 12-month follow-up, duration of hospital stays and time to return
to work®'-%. There were no significant differences in terms of symptom recurrence, re-interventions and
pregnancy™.

Clinical data based on UFS-QOL show symptomatic improvement after HIFU treatment of uterine fibroids
which corresponds to an equally convincing increase in quality of life***>-*. However, regarding outcomes, apart
from two studies®*, above mentioned studies only report the SSS score and the total HRQOL score, making
a more differentiated assessment of the development of quality of life difficult. The mentioned studies by Kim
et al.*® and Ikink et al.*® excluded women, who wanted to become pregnant after the treatment. Furthermore,
the study of Kim et al. did not report ethnicity of the patient sample, therefore we confined our comparison to
the study by Ikink et al.*, who investigated 41 patients (39 Caucasian) over a period of 6 months. In our study,
55 patients (54 Caucasian, 1 African) were followed up over a one-year period.

Total HRQOL score showed a significant increase equalling 15.2 points compared to 24.2 in our study after
6 months. Taking a closer look at the six subscales, the subscale Concern showed a 14.6 point increase (16.6
in our study), Activities 14.1 points (23), Energy/Mood 15.0 (26.1), Control 10.3 (22.9), Self-consciousness
18.9 (15.3), and Sexual function 10.4 (14.6) points. The comparison shows that particularly with regard to the
subscales Activities, Energy/Mood, and Control our study group showed a clinically relevant higher increase.
As the study by Ikink et al. dates back about 8 years it is difficult to explain these differences in efficacy at the
6-months follow-up. On the one hand, the patient sample of Ikink et al. had higher baseline QOL. On the other
hand, among other factors, advances in HIFU technology that allow for more effective ablation compared to the
older ablation protocol of Ikink et al. or the HIFU approach used (US-guided vs. MR-guided) might be associ-
ated with these findings.

The study was limited by a moderate sample size not allowing the detection of small effects on quality of life
and limited external validity of findings due to data from a single tertiary care center. Another methodological
limitation is related to the uterus-preserving nature of HIFU treatment, so that fibroids and symptoms may
return. In addition, our patients were followed up for up to one year, which represents mid-term outcome. In
the long term, it could be possible that symptoms return and quality of life decreases again.

In summary, our findings confirm convincingly the efficacy of HIFU on all aspects of quality of life in women
suffering from uterine fibroids. The treatment supports the patients’ self-efficacy, stabilizes their mood and energy
and counteracts functional impairment. A differentiated assessment of quality of life after HIFU treatment and
minimally-invasive interventions is the precondition for an optimal individual treatment of uterine fibroids.

Data availability
Datasets generated and analyzed as part of this study are available upon request from the corresponding author
at any time.

Received: 24 September 2022; Accepted: 23 November 2022
Published online: 07 December 2022

References
1. Stewart, E. A., Cookson, C. L., Gandolfo, R. A. & Schulze-Rath, R. Epidemiology of uterine fibroids: A systematic review. BJOG
124, 1501-1512 (2017).
2. Baird, D. D., Dunson, D. B., Hill, M. C., Cousins, D. & Schectman, J. M. High cumulative incidence of uterine leiomyoma in black
and white women: Ultrasound evidence. Am. J. Obstet. Gynecol. 188, 100-107 (2003).
3. Zimmermann, A., Bernuit, D., Gerlinger, C., Schaefers, M. & Geppert, K. Prevalence, symptoms and management of uterine
fibroids: An international internet-based survey of 21,746 women. BMC Women’s Health 12, 6 (2012).
4. Boosz, A. S., Reimer, P, Matzko, M., Romer, T. & Miiller, A. The conservative and interventional treatment of fibroids. Dtsch.
Arztebl. Int. 111, 877883 (2014).
5. Donnez, J. & Dolmans, M.-M. Uterine fibroid management: From the present to the future. Hum. Reprod. Update 22, 665-686
(2016).
6. Al-Hendy, A., Myers, E. R. & Stewart, E. Uterine fibroids: Burden and unmet medical need. Semin. Reprod. Med. 35, 473-480
(2017).
7. Gupta, S., Jose, ]. & Manyonda, I. Clinical presentation of fibroids. Best Pract. Res. Clin. Obstet. Gynaecol. 22, 615-626 (2008).
8. Mas, A. et al. Updated approaches for management of uterine fibroids. Int. J. Womens Health 9, 607-617 (2017).
9. Gurusamy, K. S., Vaughan, ], Fraser, I. S., Best, L. M. J. & Richards, T. Medical therapies for uterine fibroids - A systematic review
and network meta-analysis of randomised controlled trials. PLoS ONE 11, e0149631 (2016).
10. Funaki, K., Fukunishi, H. & Sawada, K. Clinical outcomes of magnetic resonance-guided focused ultrasound surgery for uterine
myomas: 24-month follow-up. Ultrasound Obstet. Gynecol. 34, 584-589 (2009).
11. Wang, W. et al. Safety and efficacy of US-guided high-intensity focused ultrasound for treatment of submucosal fibroids. Eur.
Radiol. 22, 2553-2558 (2012).
12. Keshavarzi, A., Vaezy, S., Noble, M. L., Paun, M. K. & Fujimoto, V. Y. Treatment of uterine fibroid tumors in an in situ rat model
using high-intensity focused ultrasound. Fertil. Steril. 80(Suppl 2), 761-767 (2003).

Scientific Reports |

(2022) 12:21155 | https://doi.org/10.1038/s41598-022-24994-w nature portfolio



www.nature.com/scientificreports/

13. Hwang, J. H. et al. Preclinical in vivo evaluation of an extracorporeal HIFU device for ablation of pancreatic tumors. Ultrasound
Med. Biol. 35, 967-975 (2009).

14. Orsi, E et al. High-intensity focused ultrasound ablation: Effective and safe therapy for solid tumors in difficult locations. Am. J.
Roentgenol. 195, W245-W252 (2010).

15. Marinova, M. et al. High-intensity focused ultrasound (HIFU) for pancreatic carcinoma: Evaluation of feasibility, reduction of
tumour volume and pain intensity. Eur. Radiol. 26, 4047-4056 (2016).

16. Elhelf, I. A. S. et al. High intensity focused ultrasound: The fundamentals, clinical applications and research trends. Diagn. Interv.
Imaging 99, 349-359 (2018).

17. Hindley, J. et al. MRI guidance of focused ultrasound therapy of uterine fibroids: Early results. AJR Am. J. Roentgenol. 183,
1713-1719 (2004).

18. Stewart, E. A. et al. Clinical outcomes of focused ultrasound surgery for the treatment of uterine fibroids. Fertil. Steril. 85, 22-29
(2006).

19. Peng, S. et al. Clinical utility of a microbubble-enhancing contrast (“SonoVue”) in treatment of uterine fibroids with high intensity
focused ultrasound: A retrospective study. Eur. J. Radiol. 81, 3832-3838 (2012).

20. Wang, E. et al. Ultrasound-guided high-intensity focused ultrasound versus laparoscopic myomectomy for symptomatic uterine
myomas. J. Minim. Invasive Gynecol. 21, 279-284 (2014).

21. Dobrotwir, A. & Pun, E. Clinical 24 months experience of the first MRgFUS unit for treatment of uterine fibroids in Australia. J.
Med. Imaging Radiat. Oncol. 56, 409-416 (2012).

22. Fukunishi, H. et al. Early results of magnetic resonance-guided focused ultrasound surgery of adenomyosis: Analysis of 20 cases.
J. Minim. Invasive Gynecol. 15, 571-579 (2008).

23. Ren, X.-L. et al. Extracorporeal ablation of uterine fibroids with high-intensity focused ultrasound: Imaging and histopathologic
evaluation. J. Ultrasound Med. 26, 201-212 (2007).

24. Harding, G., Coyne, K. S., Thompson, C. L. & Spies, J. B. The responsiveness of the uterine fibroid symptom and health-related
quality of life questionnaire (UFS-QOL). Health Qual. Life Outcomes 6, 99 (2008).

25. Spies, J. B. et al. The UFS-QOL, a new disease-specific symptom and health-related quality of life questionnaire for leiomyomata.
Obstet. Gynecol. 99, 290-300 (2002).

26. Fornazari, V. A. V. et al. Impact of uterine contractility on quality of life of women undergoing uterine fibroid embolization. CVIR
Endovasc. 2,36 (2019).

27. Coyne, K. S., Margolis, M. K., Murphy, J. & Spies, J. Validation of the UFS-QOL-hysterectomy questionnaire: Modifying an existing
measure for comparative effectiveness research. Value Health 15, 674-679 (2012).

28. Coyne, K. S., Soliman, A. M., Margolis, M. K., Thompson, C. L. & Chwalisz, K. Validation of the 4 week recall version of the uterine
fibroid symptom and health-related quality of life (UFS-QOL) questionnaire. Curr. Med. Res. Opin. 33,193-200 (2017).

29. Coyne, K. S. et al. Psychometric validation of the 1-month recall uterine fibroid symptom and health-related quality of life ques-
tionnaire (UFS-QOL). J. Patient Rep. Outcomes 3, 57 (2019).

30. Liu, L., Wang, T. & Lei, B. High-intensity focused ultrasound (HIFU) ablation versus surgical interventions for the treatment of
symptomatic uterine fibroids: A meta-analysis. Eur. Radiol. https://doi.org/10.1007/s00330-021-08156-6 (2021).

31. Chen, J. et al. Evaluation of high-intensity focused ultrasound ablation for uterine fibroids: An IDEAL prospective exploration
study. BJOG 125, 354-364 (2018).

32. Hu, L. et al. Comparison of focused ultrasound surgery and hysteroscopic resection for treatment of submucosal uterine fibroids
(FIGO Type 2). Ultrasound Med. Biol. 46, 1677-1685 (2020).

33. Liu, X. et al. Comparison of high-intensity focused ultrasound ablation and secondary myomectomy for recurrent symptomatic
uterine fibroids following myomectomy: A retrospective study. BJOG 127, 1422-1428 (2020).

34. Wu, G. et al. A comparison of the pregnancy outcomes between ultrasound-guided high-intensity focused ultrasound ablation
and laparoscopic myomectomy for uterine fibroids: A comparative study. Int. J. Hyperth. 37, 617-623 (2020).

35. Kim, H. S., Baik, J.-H., Pham, L. D. & Jacobs, M. A. MR-guided high-intensity focused ultrasound treatment for symptomatic
uterine leilomyomata: Long-term outcomes. Acad. Radiol. 18, 970-976 (2011).

36. Ikink, M. E. et al. Mid-term clinical efficacy of a volumetric magnetic resonance-guided high-intensity focused ultrasound tech-
nique for treatment of symptomatic uterine fibroids. Eur. Radiol. 23, 3054-3061 (2013).

37. He, M, Jacobson, H., Zhang, C., Setzen, R. & Zhang, L. A retrospective study of ultrasound-guided high intensity focussed ultra-
sound ablation for multiple uterine fibroids in South Africa. Int. J. Hyperth. 34, 1304-1310 (2018).

38. Parsons, J. E. et al. Pilot study of the mirabilis system prototype for rapid noninvasive uterine Myoma treatment using an ultra-
sound-guided volumetric shell ablation technique. J. Minim. Invasive Gynecol. 24, 579-591 (2017).

39. Lee, J.-S., Hong, G.-Y,, Park, B.-]. & Kim, T.-E. Ultrasound-guided high-intensity focused ultrasound treatment for uterine fibroid
and adenomyosis: A single center experience from the Republic of Korea. Ultrason. Sonochem. 27, 682-687 (2015).

40. Jacoby, V. L. et al. PROMISe trial: A pilot, randomized, placebo-controlled trial of magnetic resonance guided focused ultrasound
for uterine fibroids. Fertil. Steril. 105, 773-780 (2016).

Acknowledgements

The authors acknowledge Irene Zender for her continuous support in clinical management of HIFU-treated
patients as well as Guido Luechters who provided a valuable support and advice in all statistical questions at
any time.

Author contributions

T.T.: study concept and design, acquisition of data, analysis and interpretation of data, drafting of the manu-
script, statistical analysis. ER.: study concept and design, patient recruitment, patient care, critical revision of
the manuscript regarding important intellectual content. H.S.: interventionalist, treatment of patients, critical
revision of the manuscript regarding important intellectual content. O.R., E.E., L.W,, N.M.: patient recruitment,
patient care. J.G., S.W.: acquisition of data, drafting of tables, figures. C.C.P,, M.E., A.M.: critical revision of the
manuscript regarding important intellectual content. R.C.: study concept and design, analysis and interpretation
of data, drafting of the manuscript, critical revision of the manuscript regarding important intellectual content,
study supervision. M.M.: study concept and design, acquisition of data, analysis and interpretation of data,
responsible interventionalist, statistical analysis, drafting of the manuscript, critical revision of the manuscript
regarding important intellectual content, administrative, technical and material support, study supervision.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Scientific Reports |

(2022) 12:21155 | https://doi.org/10.1038/s41598-022-24994-w nature portfolio


https://doi.org/10.1007/s00330-021-08156-6

www.nature.com/scientificreports/

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to M.M.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022)12:21155 | https://doi.org/10.1038/s41598-022-24994-w nature portfolio


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Improvement of fibroid-associated symptoms and quality of life after US-guided high-intensity focused ultrasound (HIFU) of uterine fibroids
	Methods
	Patient selection and characteristics. 
	US-guided HIFU treatment. 
	Clinical evaluation (UFS-QOL-Questionnaire). 
	Follow-up imaging. 
	Statistical analysis. 

	Results
	HIFU treatment. 
	Clinical evaluation (symptom severity score and health-related quality of life). 

	Discussion
	References
	Acknowledgements


