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Matthew Brown, PhD,4,5 and Ricardo Felberbaum, MD6

Abstract

Objective: The aim of this research was to evaluate uterine-wall integrity 12 months after transcervical fibroid
ablation (TFA) of uterine fibroids with the Sonata� system (Gynesonics Inc., Redwood City, CA).
Materials and Methods: INTEGRITY is a secondary analysis of the FAST-EU clinical trial, a prospective,
longitudinal, multicenter single-armed trial involving women with heavy menstrual bleeding secondary to
fibroids who were treated at 7 academic and community hospitals in the United Kingdom, the Netherlands, and
Mexico with transcervical, intrauterine, ultrasound-guided radiofrequency ablation (the Sonata system). TFA
was performed on up to 5 fibroids per subject ranging from 1–5 cm in diameter as determined by magnetic res-
onance imaging (MRI). All measurements and comparisons, including uterine-wall thicknesses were derived from
baseline and 12-month MRI scans by an independent core MRI center. Scans were analyzed to assess preser-
vation of uterine-wall integrity and reviewed for uterine-wall anomalies after TFA with the Sonata system.
Results: Twenty-nine patients had baseline and 12-month MRI with contrast enhancement. Minimum uterine-wall
thicknesses in all visible slices were >2.5 mm in diameter. No areas on MRI indicated any loss of uterine-wall
integrity, compared with baseline imaging; comparison of baseline and postablation uterine-wall thicknesses
revealed no significant changes.
Conclusion: Transcervical fibroid ablation with the Sonata system was associated with preservation of uterine-
wall integrity in this patient cohort. ( J GYNECOL SURG 35:299)

Keywords: uterine fibroids, radiofrequency ablation, transcervical fibroid ablation (TFA), uterine preserving

Introduction

Uterine rupture involves the complete interruption of
all layers of the uterine wall.1 Unlike uterine dehiscence,

in which serosal integrity is preserved and can be an inci-
dental finding at delivery, uterine rupture can be an obstetric

catastrophe.1,2 While uterine rupture is uncommon, it has
been associated with procedures that involve uterine inci-
sion/resection or significant necrosis, including prior single
and multiple cesarean sections (particularly via classical
hysterotomies), operative hysteroscopies, myomectomies,
and uterine-artery embolizations.3–7 In contrast, there have
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been no reports of uterine rupture or dehiscence in women
who underwent image-guided volumetric radiofrequency
(RF) ablation of uterine fibroids and who subsequently de-
livered neonates.8

Although it appears that clinical prediction of uterine
rupture after prior cesarean section is unreliable, uterine
imaging has been used to ascertain if uterine-wall scarring
or reductions in thickness might suggest an increased risk of
uterine rupture in subsequent or current pregnancies.2,4,9–11

In particular, a lower uterine segment (LES) thickness <2.0–
2.3 mm has been proposed as predictive of an increased risk
of uterine rupture after prior cesarean section.4,9 The pres-
ence of a uterine scar, however, might not be a useful
marker for future uterine rupture. This is because, while
uterine scarring is common after hysterotomy (it has been
demonstrated in 99.1% of women with prior histories of
cesarean section), uterine rupture is rare (35 of 10,000 wo-
men undergoing labor after prior cesarean sections).12 This
suggests that prior hysterotomy or myometrial injury, while
associated with an increased risk of uterine rupture in a future
pregnancy, does not guarantee a rupture’s occurrence. At the
same time, the occurrence of uterine dehiscence/rupture
becomes even more uncommon as uterine-wall thickness
increases.13

The Sonata� system (Gynesonics Inc., Redwood City, CA)
is a transcervical device that uses RF energy to ablate fibroids
under integrated intrauterine sonographic guidance, and has
been described in detail.14–17 As with other RF devices for
treating uterine fibroids, pregnancy outcomes to date have
been favorable.8,18 A multinational clinical trial (FAST-EU)
of the Sonata system included a magnetic resonance imaging
(MRI) comparison of fibroid volumes at baseline and at 12
months postablation. These imaging files also provide the abil-
ity to examine post-treatment scans for possible changes in
uterine-wall integrity, particularly areas of abnormal thinning.
This assessment of uterine-wall integrity (the INTEGRITY
secondary analysis) is intended to address potential concerns
about hyperthermic ablation of uterine fibroids in patients who
desire future pregnancies.

Materials and Methods

The FAST-EU clinical trial was performed to establish the
effectiveness and confirm the safety of transcervical fibroid
ablation (TFA) of symptomatic uterine fibroids with the
Sonata system (formerly known as VizAblate�).15 Seven
hospitals in The Netherlands, the United Kingdom, and
Mexico participated in FAST-EU from January 2011 through
March 2014. Patients were enrolled and treated with the
Sonata system if they had symptomatic fibroids ranging from
1 to 5 cm in maximum diameter, heavy menstrual bleeding,
and no intent for future fertility, along with other inclu-
sion and exclusion requirements. All patients were required
to have at least 1 indenting fibroid (type 1, type 2, or types
2–5). The primary endpoint was the change in perfused fi-
broid volume assessed by contrast-enhanced magnetic reso-
nance imaging (MRI) at 3 months. Secondary endpoints,
evaluated at 6 and 12 months, included safety, reductions in
menstrual bleeding, reductions in symptom severity, improve-
ments in health-related quality of life and other measures.

The FAST-EU protocol was approved by the ethics
committees of the respective institutions as well as by the

Federal Commission for Protection against Health Risks
(COFEPRIS) in Mexico. All enrolled patients provided
written informed consent for treatment prior to enrollment.
Clinical results of the FAST-EU trial at 3, 6, and 12 months
have been reported and included significant reductions in
bleeding, fibroid volumes, and improvements in quality of
life measures.14,15

As part of a protocol amendment during the FAST-EU
clinical trial, additional contrast-enhanced MRI was per-
formed at 12-months on a subgroup of patients who pro-
vided informed consent to do so. This 12-month MRI was
used for this evaluation of uterine-wall integrity along with
previously-published reductions in fibroid volume at 12
months post-treatment.

All digital MRI series in the FAST-EU clinical trial were
reviewed by an independent, third-party imaging facility
(MedQIA, Los Angeles, CA). This evaluation included
quality control and computer-assisted evaluation of the
minimum and maximum anterior and posterior, in-plane,
full uterine wall-thicknesses performed on T1-weighted
sagittal post-contrast scans. Fibroid diameters were sub-
tracted from these measurements when present, to avoid
confounding the actual uterine-wall thicknesses. In order to
exclude a potential loss of myometrial integrity, a minimum
uterine-wall thickness threshold >2.5 mm was required, as
this was more stringent than the 2.0 mm and 2.3 mm
thresholds in the literature.4,9 If any 12-month MRI scans
showed a measured uterine-wall thickness £2.5 mm, that
would prompt an additional focused review by a board-
certified radiologist at the independent imaging facility, and
any verified radiologic signs of thinning or compromise of
the uterine wall, compared to baseline, would be noted.

Statistical analysis was performed with Microsoft Excel
16.14 (Microsoft, Redmond, WA). Changes in variables
were assessed using a paired t-test. Values were considered
significant at the level of a = 0.05.

Results

Of 50 patients who were enrolled and treated in the
FAST-EU clinical trial, 29 provided consent to undergo an
additional elective 12-month MRI study as part of a protocol
amendment that was enacted after patients had already been
enrolled and treated in the clinical trial. The baseline and
12-month MRI studies on these 29 patients were deemed
adequate for an evaluation of uterine-wall integrity by the
independent third-party imaging facility.

Review of the 29 12-month MRI scans showed no evi-
dence of loss of uterine-wall integrity after TFA. There were
no new myometrial scars (nonperfused linear areas) asso-
ciated with fibroid ablation; 6 patients had visible anterior
LES scars from prior cesarean hysterotomies. As shown in
Table 1, the minimum full uterine-wall thicknesses (anterior
and posterior) were all >3.0 mm, and, thus, did not require
additional imaging reviews. On average, maximum and
minimum anterior and posterior, 12-month wall thicknesses
did not show significant changes from baseline.

Discussion

Analysis of baseline and postablation MR images after
TFA treatment with the Sonata system showed no ablation-
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related myometrial scarring nor significant reduction in
full uterine-wall thickness. The minimum anterior and pos-
terior wall thicknesses at 12 months were all ‡3.1 mm and
‡3.8 mm, respectively, with little or no change in minimum
wall thicknesses (– 0.2 mm –0.7 mm).

A minimum baseline >2.5 mm was used to determine if
there was a priori evidence of uterine-wall compromise
after TFA. This was based on studies involving sonographic
imaging. Fukuda and colleagues evaluated 84 pregnant
women in the third trimester (prior to labor onset) with prior
cesarean section scars visible on transabdominal sonogra-
phy.11 These researchers noted that ‘‘good healing’’ of a prior
hysterotomy was associated with a uterine wall thickness
>3 mm, while ‘‘poor healing’’ was associated with a uterine
wall thickness <2 mm and that LES continuity was lost. Of
14 patients who underwent repeat cesarean section, prompted
by the finding of a uterine-wall thickness <2 mm on sonog-
raphy, all had detectable thinning of the lower segment at the
time of delivery, with a loss of uterine continuity noted. Five
patients had fetal hair visible through the defects. In contrast,
of 46 patients with a lower-segment thickness >3 mm who
underwent repeat cesarean section for obstetric indications,
42 had no evidence of any wall thinning and 4 had some
degree of thinning but fetal hair was not visible.

Subsequently, Quereshi and colleagues performed a pro-
spective, randomized controlled study of 43 pregnant wo-
men with histories of cesarean sections and 80 gravidae
without prior uterine surgery.4 A lower-segment thickness
>2 mm on transvaginal sonography was considered to rep-
resent adequate healing for the prior cesarean–section cohort
and <2 mm represented poor healing and patients were
considered for elective cesarean sections (women at exactly

2 mm had their managements individualized). Based on the
obstetric and histopathologic outcomes, a lower-segment
thickness £2 mm was 86.7% sensitive and 100% specific,
with a 100% positive predictive value for uterine-scar thin-
ning. No patients with full thickness >2 mm experienced
uterine dehiscence or rupture in the peripartum period. Si-
milar recommendations for a uterine-wall baseline were pro-
posed by Osser and colleagues (‡ 2.2 mm),19 Bujold and
colleagues (‡ 2.3 mm),9 and Sen and colleagues (‡ 2.5 mm).20

Of note, the Bujold study9 included 3 cases of uterine rupture,
none of which occurred in women with a full lower-segment
thickness ‡2.5 mm. While some researchers have suggested
a higher threshold of 3.1 mm, this suggestion came with re-
duced specificity regarding obstetrical decision-making, po-
tentially resulting in unnecessary cesarean sections.2,13,21

Uterine rupture is uncommon after both abdominal
(£ 0.2%) and laparoscopic myomectomy (£ 0.3%), and is at
the level of anecdote for uterine artery embolization.3,6,22

While rare, uterine rupture can result in maternal and/or
fetal mortality. Postcesarean uterine-wall thinning is asso-
ciated with an increased incidence of uterine dehiscence and
rupture, thus, it is apparent that uterine injury appears to be
necessary for uterine rupture to occur (in the absence of
obstetric factors such as inappropriate use of oxytocics),
even if this is not sufficient, as the presence of a visible
uterine-wall defect does not invariably lead to uterine rup-
ture in a subsequent or current pregnancy.

There have been no reported cases of uterine dehiscence
or rupture associated with the use of volumetric RF ablation
to treat symptomatic uterine fibroids.8 After TFA with the
Sonata system no uterine defects were noted at the time of
term an elective repeat cesarean section in a patient enrolled
in the FAST-EU trial who conceived 3 months post-
treatment.18 Berman and colleagues reported a successful
pregnancy after laparoscopic RF ablation of a uterine fi-
broid.23 There was no placental adherence at delivery and an
MRI study performed 3 months postpartum revealed a
uterine-wall thickness of 9.6 mm. A series of 6 patients who
delivered after laparoscopic RF ablation, similarly, had no
cases of uterine dehiscence or rupture, nor was any uterine
thinning noted at the time of the cesarean sections.24

In a larger number of published cases of pregnancies,
fibroid treatment with focused ultrasound (another form of
targeted thermal ablation) has also not been associated with
uterine rupture or dehiscence.25–29 Unlike laparoscopic
myomectomy, which involves the considerable use of bi-
polar or monopolar electrosurgery and one or more hyster-
otomies, image-guided hyperthermic ablation methods with
RF energy or focused ultrasound typically involve a more
controlled application of energy directly to one or more
fibroids, with collateral injury to the myometrium mini-
mized or eliminated due to image-guided precision targeting
(Fig. 1). There are also no incisions or use of sutures within
the uterus, which could contribute to the lack of adverse
effects on the uterine wall to date after TFA or focused
ultrasound.24

In 2015, the U.S. Food and Drug Administration specified
that hyperthermic ablation of uterine fibroid tissue with
MRI-guided focused ultrasound (MRgFUS) could be con-
sidered for women with symptomatic uterine fibroids who
desired to retain their fertility and conserve their uteri.30

This was based on the accumulated outcomes of 118

Table 1. Uterine-Wall Thicknesses (in mm)

at Baseline and 12 Months After TFA

(N = 29 patients)

Parameter Baseline 12 months Change

MAXA
Mean 13.2 – 5.6 13.0 – 3.3 –0.2 – 4.5
Min, Max 6.5, 32.8 6.8–19.8 –16.7, 6.0
Median 11.9 13.3 +1.2
p .848
MAXP
Mean 13.9 – 3.7 14.5 – 3.2 +0.7 – 3.0
Min, Max 5.5, 21.6 6.9–20.9 –5.0, 6.6
Median 14.1 14.4 +1.4
p 0.238
MINA
Mean 7.0 – 2.6 7.0 – 2.2 0.0 – 2.4
Min, Max 3.5, 13.5 3.1–11.1 –6.8, 3.6
Median 6.5 7 0
p 0.970
MINP
Mean 8.3 – 2.0 8.5 – 2.3 +0.2 – 2.0
Min, Max 4.6, 12.7 3.8–12.5 –5.3, 4.0
Median 8.1 8.2 +0.3
p 0.692

TFA, transcervical fibroid ablation; MAXA, maximum anterior
uterine-wall thickness; Min, minimum; Max, maximum; MAXP,
maximum posterior uterine-wall thickness; MINA, minimum ante-
rior uterine-wall thickness; MINP, minimum posterior uterine-wall
thickness.
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pregnancies treated with MRgFUS.31 Because TFA with the
Sonata system similarly provides image-guided, volumet-
ric ablation of uterine fibroids and has not been associated
with uterine-wall compromise, there is no a priori evi-
dence to suggest that focal RF ablation would result in
different outcomes from that of MRgFUS regarding future
pregnancies.

A key strength of this study of uterine wall integrity af-
ter TFA was the independent review and analysis of all
MRI data by a single core-imaging facility, which utilized
computer-assisted analysis for baseline and 12-month
uterine-wall measurements (excluding fibroid dimensions
when fibroids were present), such that these measurements
were not affected by radiologist biases. Another advantage
was the use of a more-sensitive full uterine-wall measure-
ment (£ 2.5 mm) as a definition of myometrial compromise
rather than the <2.0–2.3-mm threshold proposed by other
researchers that have greater specificity.

Some limitations of this study included the lack of preg-
nancy outcomes (the 1 patient who became pregnant during
the FAST-EU clinical trial did not undergo an additional
MRI study at 12 months postablation before delivering at
term) and the inclusion of only 29 patients from the 50-
patient cohort of the FAST-EU trial, due to the elective
nature of the protocol change permitting the additional 12-
month MRI study. Finally, as there is nothing in the gyne-
cologic literature that has evaluated the risk of uterine
rupture for myometrial thicknesses at other sites within the
uterus such as the corpus, the only evidence-based metric
that could be utilized regarding increased risk for uterine
rupture was the sonography-derived lower-segment thick-
ness of £2.3 mm.

It is not known what the minimum uterine-wall thickness
must be in other areas of the uterus to define ‘‘integrity.’’
However, in this cohort of patients treated with TFA, there
was no significant change in myometrial thickness at 12
months, compared to baseline, suggesting that ablation did
not materially increase any existing risk of uterine rupture.

Conclusions

This independent, third-party analysis of baseline and 12-
month pelvic MRI (INTEGRITY) showed preservation of
uterine-wall integrity with no myometrial abnormalities ob-
served in a patient cohort after TFA with the Sonata system.
There was no evidence of myometrial thinning or scarring
and no significant changes in minimum and maximum wall
thicknesses anteriorly or posteriorly.
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