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Case Report

Ultrasound-guided radiofrequency ablation of an
intramural fibroid in a woman desiring fertility
with coexisting focal adenomyosis: a case report
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OBJECTIVE: To report the reproductive outcome after ultrasound-guided radiofrequency ablation (RFA) in a woman with an intramural uterine
fibroid and coexisting focal adenomyosis who experienced infertility and desired pregnancy.

DESIGN: Case report.

PATIENT: A 40-year-old nulligravid woman with heavy menstrual bleeding, dysmenorrhea, and a history of infertility, defined by failure to con-
ceive after more than 12 months of unprotected intercourse. Transvaginal ultrasound demonstrated a FIGO type 3 intramural fibroid distorting the
endometrial cavity and associated focal anterior adenomyosis.

INTERVENTION: Ultrasound-guided transvaginal RFA of the intramural fibroid.

MAIN OUTCOME MEASURES: Changes in fibroid volume and uterine cavity morphology on ultrasound, improvement of clinical symp-
toms, and reproductive outcome.

RESULTS: The procedure was completed without complications. Follow-up ultrasound showed progressive fibroid volume reduction of 76.9%
at 6 months, migration of the lesion away from the endometrial cavity, restoration of normal cavity anatomy, and improvement of sonographic fea-
tures of focal adenomyosis. Menstrual symptoms improved significantly. Spontaneous conception subsequently occurred, resulting in an uncom-
plicated term vaginal delivery.

CONCLUSION: This case suggests that ultrasound-guided RFA may represent a minimally invasive, uterus-sparing option for selected
women with intramural fibroids and coexisting focal adenomyosis associated with infertility.
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Introduction

Uterine fibroids are the most common
benign tumors in women of reproductive
age, affecting up to 70% of premeno-
pausal women and frequently associated
with abnormal uterine bleeding (AUB),
pelvic pain, and impaired fertility, result-
ing in a substantial clinical and repro-
ductive burden."” Among fibroid-related
symptoms, AUB—most commonly pre-
senting as heavy menstrual bleeding and
prolonged menses—is the most

prevalent and debilitating manifestation,
accounting for approximately 45.7% of
cases and often leading to anemia,
fatigue, and reduced quality of life."

The pathophysiology of fibroid-asso-
ciated AUB is multifactorial and
involves increased endometrial surface
area, abnormal uterine vascularization,
and dysregulated angiogenic signaling,
particularly involving vascular endothe-
lial growth factor.” Adenomyosis fre-
quently coexists with fibroids and

represents an additional contributor to
AUB, dysmenorrhea, and infertility,
potentially impairing uterine receptivity
through inflammation, disruption of
the endometrial—myometrial junction,
and altered myometrial contractility.’
Treatment options range from medi-
cal therapy to surgery. While hysterec-
tomy provides definitive symptom
resolution, it results in irreversible loss
of fertility, and myomectomy, although
fertility-preserving, remains invasive
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and carries surgical risks including
bleeding, adhesions, recurrence, and a
small risk of uterine rupture in subse-
quent pregnancies.” The reproductive
impact of fibroids depends largely on
size and location: submucosal fibroids
are clearly associated with adverse
reproductive outcomes, whereas intra-
mural fibroids may impair fertility by
altering uterine contractility and perfu-
sion, increasing miscarriage risk, and
reducing success rates in assisted repro-
ductive technology cycles."”” Intramu-
ral fibroids larger than 4 cm have been
associated with delayed conception and
higher miscarriage rates.®

Minimally invasive therapies such as
radiofrequency ablation (RFA) have
recently emerged as fertility-preserving
alternatives." RFA induces localized ther-
mal coagulative necrosis within fibroid
tissue, resulting in progressive volume
reduction while minimizing damage to
surrounding myometrium.”™” The pres-
ent case describes ultrasound-guided
RFA in a woman desiring pregnancy
with a FIGO type 3 fibroid and concomi-
tant focal adenomyosis, highlighting its
potential impact on uterine anatomy
and reproductive outcomes.

Case report

Preprocedural assessment

A transvaginal ultrasound (TVUS)
examination was performed using a Vol-
uson S-10 system (GE Healthcare, Zipf,
Austria) equipped with a three-dimen-
sional transvaginal probe. All examina-
tions were digitally archived as two-
dimensional still images, cine loops, and
three-dimensional volume datasets.

Uterine fibroids were classified
according to the FIGO classification
system, based on their relationship with
the uterine wall."” In addition to FIGO
classification, fibroid topography was
documented as anterior, posterior, fun-
dal, or lateral.

Fibroid volume was calculated using
the standard ellipsoid formula, based on
the three orthogonal diameters obtained
on TVUS and multiplied by the coeffi-
cient 0.523 (7/6), a method widely
adopted in gynecologic imaging and
fibroid research for its reproducibility
and consistency.''
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Sonographic features suggestive of
uterine adenomyosis were also system-
atically assessed. A diagnosis of adeno-
myosis was considered when at least
one direct ultrasound sign was identi-
fied, including myometrial cysts, hyper-
echoic islands, subendometrial lines or
buds, on two- or three-dimensional
imaging.'”

Procedure

RFA was performed under procedural
sedation with continuous ultrasound
guidance to ensure accurate needle
placement within the fibroid. Prior to
ablation, a TVUS-guided core needle
biopsy was performed using an 18-
gauge, 250-mm automated Tru-cut
biopsy needle to obtain tissue for histo-
logical confirmation of the lesion. A
dedicated needle electrode was intro-
duced transvaginally, and controlled
radiofrequency energy was delivered to
induce localized thermal coagulative
necrosis of the myoma tissue.

The duration of the procedure and
intraoperative tolerability were
recorded. Postprocedural pain was
assessed at discharge using standard
clinical evaluation.

Follow-up

Postprocedural follow-up visits were
scheduled at 1, 3, and 6 months. At
each visit, TVUS was performed to
assess changes in fibroid size, vol-
ume, vascularization, and relation-
ship with the uterine cavity. Clinical
evaluation focused on menstrual
bleeding, pelvic pain, and overall
symptom perception.

Histological analysis of the sampled
tissue confirmed the diagnosis of benign
uterine leiomyoma, with no evidence of
atypia or malignancy.

Clinical course

The patient was a 40-year-old nulligra-
vid woman who presented with a desire
for future pregnancy and moderate
dysmenorrhea (visual analog scale
score of 5). The patient had a docu-
mented history of infertility, defined as
failure to conceive after more than 12
months of regular unprotected inter-
course. A standard  infertility

evaluation had previously been per-
formed, including semen analysis
showing normal parameters, assess-
ment of ovarian reserve with anti-
Miillerian hormone levels consistent
with the patient’s age, and sonohyster-
osalpingography demonstrating bilat-
eral tubal patency. No other
identifiable male or female infertility
factors were identified prior to treat-
ment. Baseline TVUS identified a
FIGO type 3 intramural fibroid mea-
suring 45x46x38 mm, corresponding
to a calculated volume of 41.1 cm®. The
lesion exhibited typical perilesional
vascularization (color score 2) and was
in close contact with the endometrial
cavity. In addition, there was associated
focal anterior adenomyosis (Figure 1, A
—C). The patient had no relevant medi-
cal comorbidities and no history of pre-
vious surgical interventions.

Ultrasound-guided RFA was per-
formed with four targeted applications
using a needle electrode with a 20-mm
active tip. The total procedure time was
25 minutes, and no immediate compli-
cations were observed.

At the 1-month follow-up, TVUS dem-
onstrated migration of the treated lesion
to a FIGO type 4 configuration within the
anterior uterine wall. The fibroid mea-
sured 29x 33x 31 mm (volume 15.5 cm®),
with persistent perilesional vascularization
(color score 2) and reduced intralesional
flow (color score 1) (Figure 2). Three-
dimensional reconstruction confirmed
restoration of a normal uterine cavity,
with a convex external contour and
absence of cavity distortion.

At 6 months, the anterior-wall FIGO
type 4 fibroid further decreased in size
to 27x27x25 mm, corresponding to a
volume of 9.5 cm” and an overall reduc-
tion of 76.9% compared with baseline.
Vascular patterns remained stable, with
low intralesional flow and preserved
perilesional vascularity (Figure 3).

Follow-up ultrasound also demon-
strated improvement of the focal adeno-
myosis features, particularly a reduction
in the size and number of myometrial
cysts and hyperechoic islands in the
anterior myometrium.

The procedure was well tolerated,
and no adverse or unanticipated events



FIGURE 1

Transvaginal ultrasonography (TVUS) findings before radiofrequency ablation
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(A) FIGO type 3 intramural fibroid measuring 45 x 46x 38 mm (volume 41.1 cm®), showing typical perilesional vascularization (color score 2) and exert-
ing an impression on the uterine cavity in a transverse scan. (B) The same fibroid visualized in a longitudinal scan, demonstrating the well-defined pseu-
docapsule characteristic of leiomyomas and confirming its clear delineation from the surrounding myometrium. (C) Longitudinal scan of the anterior
uterine wall showing focal adenomyosis, characterized by heterogeneous myometrial echotexture with myometrial cysts and hyperechoic islands.
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were observed during the perioperative
or follow-up period.

Following last evaluation, the patient
conceived spontaneously and subse-
quently achieved a term vaginal delivery
without obstetric complications.

The patient reported significant
improvement in menstrual symptoms
and pelvic pain during follow-up and
expressed satisfaction with the minimally
invasive nature of the procedure and the
preservation of reproductive potential.

The patient provided written
informed consent for the processing of
her personal data in accordance with
current privacy regulations.

The case was managed in accordance
with the Declaration of Helsinki.

Discussion

Management of uterine fibroids increas-
ingly requires an individualized
approach integrating imaging findings
with patient-specific clinical and repro-
ductive factors. Treatment decisions
should consider not only fibroid size
and location, but also vascular charac-
teristics, symptom burden, patient age,
reproductive intentions, and the fre-
quent coexistence of additional myome-
trial disorders such as adenomyosis.
Within this personalized framework,

RFA represents a valuable therapeutic
option for selected patients. Fibroids
causing distortion of the endometrial
cavity, particularly FIGO types 0 to 2,
generally require surgical management,
preferably via hysteroscopic approaches,
to restore cavity anatomy and control
bleeding. Similarly, predominantly sub-
serosal fibroids (FIGO types 5—7) asso-
ciated with compressive symptoms are
best managed surgically. In contrast, the
optimal treatment of intramural fib-
roids (FIGO types 3—4) remains less
clearly defined and depends on lesion
size, symptom severity, and reproduc-
tive plans. In this setting, RFA appears
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FIGURE 2

One month after the myolysis procedure, transvaginal ultrasonography showed that the lesion had evolved into
a FIGO type 4 fibroid located in the anterior uterine wall, measuring 29x 33 x31 mm (volume 15.5 cm?), with
persistent perilesional CS2 and decreased intralesional vascularity (CS1)
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FIGURE 3

Six months after the procedure, the ultrasound examination showed that the anterior-wall FIGO type 4 fibroid
measured 27 x 27 x 25 mm (volume 9.5 cm®), corresponding to a 76.9% reduction from baseline, with
unchanged vascular patterns (perilesional CS2, intralesional CS1)
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particularly suitable for intramural fib- women planning pregnancy, therapeu- of uterine function and optimization of
roids frequently implicated in AUB and  tic strategies must aim not only at the intrauterine environment for
potential fertility impairment.'” In symptom relief but also at preservation implantation, both in spontaneous
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conception and assisted reproductive
technology cycles."” Beyond mechani-
cal effects, fibroids and adenomyosis
may impair fertility through inflamma-
tory and functional mechanisms. RFA
has demonstrated efficacy in reducing
fibroid volume and associated symp-
toms while preserving uterine integrity,
with reported volume reductions of
approximately 40% at 6 months and up
to 65% at 12 months, accompanied by
significant improvement in AUB."” An
important feature of RFA is its potential
role in the early treatment of small or
mildly symptomatic fibroids. Early
intervention may limit fibroid progres-
sion and cumulative reproductive
impact, particularly in younger women.
Although intramural fibroids up to 4 to
5 cm are generally considered to have a
limited effect on fertility, preventing
further growth may reduce the risk of
secondary cavity distortion and altered
uterine contractility, both associated
with impaired implantation and preg-
nancy outcomes.” In the presence of
adenomyosis, early intervention may
also help limit progressive myometrial
remodeling and symptom worsening.
From a technical perspective, RFA
offers several advantages, including the
absence of uterine incision, real-time
ultrasound guidance, and relatively
short operative times. These features
contribute to a favorable safety profile,
with reduced risks of hemorrhage,
infection, pelvic adhesions, and endo-
metrial injury compared with more
invasive surgical approaches.”'* The
interval between fibroid treatment and
subsequent pregnancy is particularly
relevant for women of advanced repro-
ductive age or with diminished ovarian
reserve.'” However, current evidence
does not define a standardized waiting
period before attempting conception
following fibroid treatments, including
RFA. Available studies report reassuring
reproductive outcomes but do not pro-
vide clear recommendations regarding
optimal timing, highlighting an impor-
tant gap in current knowledge.'™"”
Another advantage of RFA is its repro-
ducibility, allowing repeated treatments
without significant distortion of uterine
morphology. This is particularly

relevant in a chronic condition such as
uterine fibromatosis and may be valu-
able in patients with concomitant focal
adenomyosis, who often require long-
term, adaptive management strategies 1.
Increasing attention has been directed
toward the potential role of ablative
techniques in adenomyosis, a condition
frequently associated with fibroids and
recognized as a cause of dysmenorrhea,
heavy menstrual bleeding, and infertil-
ity. Ultrasound-based studies have
shown that focal or mild adenomyosis
is common and clinically relevant, even
in younger women, supporting the
importance of its identification during
conservative management.'™” In this
context, the present case is noteworthy,
as ultrasound-guided RFA was associ-
ated not only with fibroid regression
and restoration of uterine cavity mor-
phology, but also with improvement of
focal adenomyosis features at follow-up.
Although firm conclusions cannot be
drawn from a single case, several mech-
anisms could hypothetically contribute
to this finding. First, the thermal energy
delivered during ablation may exert a
local effect on adjacent adenomyotic tis-
sue. Second, reduction of fibroid-related
inflammation and abnormal angiogenic
signaling may modify the surrounding
myometrial microenvironment, poten-
tially contributing to improvement of
adenomyosis-related sonographic fea-
tures Pianeti e 19 dedes. These mecha-
nisms remain speculative, and the
present observation should be consid-
ered hypothesis-generating rather than
evidence of a causal therapeutic effect.
Evidence on reproductive outcomes
remains limited, and further investiga-
tion is warranted.”’ At present, RFA
cannot be recommended as standard
therapy for adenomyosis but represents
a promising and evolving option.”
Despite these advantages, RFA is not
universally applicable. Its efficacy may
be reduced in large fibroids, where ade-
quate energy distribution can be lim-
ited, and conventional  surgical
management  remains  preferable.”’
Myomectomy continues to play a cen-
tral role, particularly for submucosal
fibroids (FIGO types 0—2), large intra-
mural lesions (>4 cm), and

symptomatic subserosal fibroids,
although it is associated with higher
surgical morbidity and longer recovery.

Some limitations of this report
should be considered. This study
describes a single clinical case, and
therefore, no causal relationship
between RFA and the observed repro-
ductive outcome can be established. In
addition, the interval between treatment
and conception was relatively short,
with pregnancy occurring 6 months
after the procedure. Spontaneous con-
ception may also be influenced by mul-
tiple factors, and the specific
characteristics of this patient, including
her age and nulligravid status, may limit
the generalizability of these findings.

Opverall, minimally invasive treatment
of appropriately selected intramural fib-
roids—particularly FIGO types 3 and 4
and selected type 5 lesions—in women
with reproductive aspirations represents
a safe, effective, repeatable, and fertility-
preserving option. Expanding indica-
tions to include early-stage fibroids and
carefully selected cases of adenomyosis
may further support proactive, individ-
ualized care aligned with patient-cen-
tered reproductive planning and long-
term uterine health.

Conclusion

This case highlights the potential role of
ultrasound-guided RFA as a minimally
invasive, fertility-preserving treatment
for selected intramural uterine fibroids
in the presence of focal adenomyosis. In
addition to symptom improvement and
substantial fibroid volume reduction,
the favorable reproductive outcome
suggests that RFA may help maintain a
uterine environment compatible with
spontaneous conception.

Further studies with larger cohorts
are needed to better define patient selec-
tion and reproductive outcomes after
treatment.

CRediT authorship contribution
statement

Francesco G. Martire: Supervision,
Project administration, Data curation.
Claudia d’Abate: Writing — original
draft. Eugenia Costantini: Writing —
original draft. Ilaria Ianes: Writing —

May 2026 AJOG Global Reports 5



original draft, Data curation. Emilio
Pieri: Visualization. Lorenza Minisci:
Visualization. Maria De Bonis: Writing
— review & editing. Lucia Lazzeri:
Writing — review & editing, Data cura-
tion. Errico Zupi: Writing — review &
editing, Supervision, Project
administration.

ACKNOWLEDGMENTS

No acknowledgment to provide.

REFERENCES

1. Donnez J, Dolmans MM. Uterine fibroid
management: from the present to the future.
Hum Reprod Update 2016;22(6):665-86.
https://doi.org/10.1093/humupd/dmw023.

2. Vannuccini S, Petraglia F, Carmona F, Calaf
J, Chapron C. The modern management of
uterine fibroids-related abnormal uterine bleed-
ing. Fertil Steril 2024;122(1):20-30. https://doi.
org/10.1016/j.fertnstert.2024.04.041.

3. Martire FG, Costantini E, D’Abate C, et al.
Endometriosis and adenomyosis: from patho-
genesis to follow-up. Curr Issues Mol Biol
2025;47(5):298. https://doi.org/10.3390/
cimb47050298.

4. Parker WH. Etiology, symptomatology, and
diagnosis of uterine myomas. Fertil Steril
2007;87(4):725-36. https://doi.org/10.1016/j.
fertnstert.2007.01.093.

5. Toub DB. A new paradigm for uterine fibroid
treatment: transcervical, intrauterine sonogra-
phy-guided radiofrequency ablation of uterine
fibroids with the sonata system. Curr Obstet
Gynecol Rep 2017;6(1):67-73. https://doi.org/
10.1007/s13669-017-0194-2.

6. Somigliana E, Reschini M, Bonanni V,
Busnelli A, Li Piani L, Vercellini P. Fibroids
and natural fertility: a systematic review and
meta-analysis. Reprod Biomed Online

6 AJOG Global Reports May 2026

2021;43(1):100-10. https://doi.org/10.1016/
j.romo.2021.03.013.

7. Kawaguchi K, Fuji S, Konishi I, Nanbu Y,
Nonogaki H, Mori T. Mitotic activity in uterine
leiomyomas during the menstrual cycle. Am J
Obstet Gynecol 1989;160(3):637-41. https://
doi.org/10.1016/s0002-9378(89)80046-8.

8. Pritts EA, Parker WH, Olive DL. Fibroids and
infertility: an updated systematic review of the
evidence. Fertil Steril 2009;91(4):1215-23.
https://doi.org/10.1016/j.
fertnstert.2008.01.051.

9. Mici¢ J, Macura M, Andiji¢ M, et al. Currently
available treatment modalities for uterine fib-
roids. Medicina (Kaunas) 2024;60(6):868.
https://doi.org/10.3390/medicina60060868.
10. Munro MG, Critchley HO, Fraser IS. FIGO
Menstrual Disorders Working Group. The FIGO
classification of causes of abnormal uterine
bleeding in the reproductive years. Fertil Steril
2011;95(7). https://doi.org/10.1016/j.fertn-
stert.2011.03.079. 2204—8.e22083.

11. Van den Bosch T, Dueholm M, Leone FP,
et al. Terms, definitions and measurements to
describe sonographic features of myometrium
and uterine masses: a consensus opinion from
the Morphological Uterus Sonographic Assess-
ment (MUSA) group. Ultrasound Obstet Gyne-
col 2015;46(3):284-98. https://doi.org/
10.1002/u0g.14806.

12. Harmsen MJ, Van den Bosch T, de Leeuw
RA, et al. Consensus on revised definitions of
Morphological Uterus Sonographic Assess-
ment (MUSA) features of adenomyosis: results
of modified Delphi procedure. Ultrasound
Obstet Gynecol 2022;60(1):118-31. https://
doi.org/10.1002/u0g.24786.

13. Chen |, Berman JM, Balk EM, et al. Radio-
frequency ablation for the treatment of uterine
fibroids: a systematic review and meta-analysis
by the AAGL Practice Committee. J Minim Inva-
sive Gynecol 2025;32(1):74-91. https://doi.
org/10.1016/j.jmig.2024.09.011.

14. Santalla-Hernandez A, Naveiro-Fuentes M,
Benito-Vilena R, et al. Complications of

transvaginal radiofrequency ablation of fibroids:
a 5-year experience. Eur J Obstet Gynecol
Reprod Biol X 2023;20:100244. https://doi.
org/10.1016/j.eurox.2023.100244.

15. Rey VE, Falcon MM, Ferrara |, Yanes G.
Pregnancy outcomes after transvaginal radio-
frequency ablation of leiomyomas. Obstet
Gynecol 2025;145(3):346-53. https://doi.org/
10.1097/A0G.0000000000005826.

16. Marin Martinez ME, Cruz-Melguizo S,
Vaquero Arglello G, Engels Calvo V, De la Cruz
Conty ML, Pérez Medina T. Transvaginal radio-
frequency ablation: a therapeutic option for
managing symptomatic uterine fibroids in
women with reproductive desires. F S Rep
2024;5(3):320-7. https://doi.org/10.1016/.
xfre.2024.07.001.

17. Allen A, Schembri M, Parvataneni R,
et al. Pregnancy outcomes after laparo-
scopic radiofrequency ablation of uterine
leiomyomas compared with myomectomy.
Obstet Gynecol 2024;143(5):612-8.
https://doi.org/10.1097/
AOG.0000000000005548.

18. Martire FG, Lazzeri L, Conway F, et al.
Adolescence and endometriosis: symptoms,
ultrasound signs and early diagnosis. Fertil
Steril  2020;114(5):1049-57. https://doi.org/
10.1016/j.fertnstert.2020.06.012.

19. Martire FG, Russo C, Selntigia A, et al.
Early noninvasive diagnosis of endometriosis:
dysmenorrhea and specific ultrasound findings
are important indicators in young women. Fertil
Steril  2023;119(3):455-64.  https://doi.org/
10.1016/j.fertnstert.2022.12.004.

20. Dedes |, Kolovos G, Fruscalzo A, et al.
Radiofrequency ablation for adenomyosis. J
Clin Med 2023;12(9):3069. https://doi.org/
10.3390/jcm12093069.

21. Fasciani A, Turtulici G, Pedulla A, Sirito R.
Uterine Myoma Position-based Radiofrequency
Ablation (UMP-b RFA): 36 months follow-up
clinical outcomes. Eur J Obstet Gynecol
Reprod Biol 2023;281:23-8. https://doi.org/
10.1016/j.ejogrb.2022.12.006.


https://doi.org/10.1093/humupd/dmw023
https://doi.org/10.1016/j.fertnstert.2024.04.041
https://doi.org/10.3390/cimb47050298
https://doi.org/10.3390/cimb47050298
https://doi.org/10.1016/j.fertnstert.2007.01.093
https://doi.org/10.1016/j.fertnstert.2007.01.093
https://doi.org/10.1007/s13669-017-0194-2
https://doi.org/10.1016/j.rbmo.2021.03.013
https://doi.org/10.1016/j.rbmo.2021.03.013
https://doi.org/10.1016/s0002-9378(89)80046-8
https://doi.org/10.1016/j.fertnstert.2008.01.051
https://doi.org/10.1016/j.fertnstert.2008.01.051
https://doi.org/10.3390/medicina60060868
https://doi.org/10.1016/j.fertnstert.2011.03.079
https://doi.org/10.1016/j.fertnstert.2011.03.079
https://doi.org/10.1002/uog.14806
https://doi.org/10.1002/uog.24786
https://doi.org/10.1016/j.jmig.2024.09.011
https://doi.org/10.1016/j.eurox.2023.100244
https://doi.org/10.1097/AOG.0000000000005826
https://doi.org/10.1016/j.xfre.2024.07.001
https://doi.org/10.1016/j.xfre.2024.07.001
https://doi.org/10.1097/AOG.0000000000005548
https://doi.org/10.1097/AOG.0000000000005548
https://doi.org/10.1016/j.fertnstert.2020.06.012
https://doi.org/10.1016/j.fertnstert.2022.12.004
https://doi.org/10.3390/jcm12093069
https://doi.org/10.1016/j.ejogrb.2022.12.006

	Ultrasound-guided radiofrequency ablation of an intramural fibroid in a woman desiring fertility with coexisting focal adenomyosis: a case report
	Introduction
	Case report
	Preprocedural assessment
	Procedure
	Follow-up
	Clinical course

	Discussion
	Conclusion
	CRediT authorship contribution statement

	Acknowledgments
	References


