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Abstract
Purpose of Review This paper provides an update of the recent evidence related to transcervical fibroid ablation (TFA) with 
the  Sonata® System.
Recent Findings An additional 27 papers representing over 400 women and more than 800 treated fibroids have been pub-
lished. These demonstrate consistent, positive results, representing multiple prospective clinical trials, subgroup analyses, 
health economic analyses, case series, and systematic reviews of TFA. These include a 147-patient prospective clinical 
trial of TFA (the SONATA Clinical Trial) that demonstrated sustained symptom relief and an 8.2% cumulative reinterven-
tion rate through 3 years, a long-term study (VITALITY) confirming durable symptom relief with an 11.8% reintervention 
rate over > 5 years of mean follow-up, a clinical trial (OPEN) suggesting minimal potential for intrauterine adhesiogenesis 
post-TFA, preliminary results of a global registry (SAGE), and two subgroup analyses of TFA reporting favorable and safe 
outcomes in women with large fibroids > 5 cm in diameter. Three comparative health economic studies demonstrate favorable 
economic outcomes against both myomectomy and hysterectomy. A recent ACOG Practice Bulletin also noted equivalent 
outcomes for transcervical, laparoscopic, and transvaginal fibroid ablation.
Summary Accumulated clinical evidence, including systematic reviews and longitudinal prospective clinical trials, continues 
to confirm the safety and efficacy of TFA in women with symptomatic fibroids, including myomata > 5 cm. As a transcervical 
treatment modality that can safely address all nonpedunculated uterine fibroid types, the continued evidence base confirms 
TFA as an innovative and useful treatment option that meets a significant unmet clinical need, including among underserved 
populations, delivering significant durable reductions in fibroid symptoms.
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Introduction

Uterine fibroids are benign growths of smooth muscle 
within the uterus. They can be associated with significant 
negative effects upon a woman’s quality of life due to symp-
toms that include abnormal uterine bleeding, dyspareunia, 
abdominopelvic discomfort, and frequent urination. While 

curative, hysterectomy in women with symptomatic uterine 
fibroids results in loss of fertility and involves major surgery. 
Myomectomy, while conserving the uterus, is also a major 
surgical procedure when performed transperitoneally and 
can be associated with uterine rupture in future pregnancy 
[1–3]. While hysteroscopic myomectomy has the benefit of 
being an outpatient transcervical procedure, it is limited to 
the treatment of submucous fibroids as only these may be 
readily accessed through the hysteroscope. Rarely, uterine 
rupture has been reported after hysteroscopic myomectomy 
[4].

There are significant unmet needs regarding fibroid treat-
ment. These include a need for better diagnostic options, 
improved access to care, a definition of best practices, bet-
ter treatment options that conserve the uterus and fertility, 
patient empowerment, and education [5]. In recent years, 
there has been increasing awareness of disparities in care 
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among women of color in the USA. It has been established 
that Black women have a higher prevalence of uterine 
fibroids, yet undergo lower rates of minimally invasive pro-
cedures than White women [6•, 7]. Multiple investigations 
have indicated that Black women are more likely than White 
women to undergo surgical treatments for symptomatic 
uterine fibroids, and that Black women have a significantly 
higher rate of hysterectomy and its complications than White 
women; this is especially disparate in counties with higher 
socioeconomic status [8–11]. For all these reasons, it is 
important that innovative, less invasive treatment options for 
uterine fibroids are developed, evaluated, and made available 
to women to enhance access to necessary care.

Transcervical fibroid ablation (TFA) continues to gain 
momentum as an ideal treatment of uterine fibroids. This is 
a focal, volumetric image-guided radiofrequency procedure 
that enables the optimized ablation of uterine fibroids, does 
not involve the peritoneal cavity or uterine serosa, and incites 
coagulative necrosis; this results in significantly reduced 
symptoms, while conserving the uterus in a safe outpatient 
manner [12•, 13••]. A 2017 review of TFA provided clini-
cal data from a 50-patient study (FAST-EU) at seven sites 
in Europe (6) and Mexico (1) [14••]. Eighty-nine fibroids 
were treated in that study with TFA, with mean reductions 
in fibroid volume of 68.1% ± 28.6 and 67.4% ± 31.9 at 3 and 
12 months, respectively (P < 0.001 compared with baseline; 
Wilcoxon signed-rank test). There were significant improve-
ments in symptom severity and health-related quality of life 
(HRQOL) at 3, 6, and 12 months post-ablation.

Since that review, 27 papers have been published describ-
ing consistent and positive results for TFA with the Sonata 
System, including multiple prospective clinical trials, sub-
group analyses, health economic analyses, case series, and 
systematic reviews of TFA. These publications include the 
147-patient SONATA trial, the 37-patient OPEN trial, the 
160-patient SAGE registry, a 50-patient case series describ-
ing TFA outcomes for women with large fibroids, and 19 
additional unique patients captured in a pregnancy case 
series. In combination with the FAST-EU trial, the literature 
base represents 463 women in total with over 900 treated 
fibroids. This updated review will provide additional clini-
cal evidence confirming the safety and effectiveness of TFA. 
As the use of RF energy to ablate fibroids becomes more 
widespread, it will be important to understand where TFA 
fits in the evolving paradigm for fibroid care.

Transcervical Fibroid Ablation (TFA) 
and the  Sonata® System

TFA is an ambulatory fibroid ablation procedure pro-
vided by the  Sonata® System (Gynesonics; Redwood 
City, CA), which is a FDA-cleared and CE-marked device 
and currently the only commercially available device for 
TFA (Fig. 1) [15•]. Because the Sonata device integrates 
intrauterine sonography with the delivery of RF energy in 
a single device, the ultrasound beam is always within the 
plane of the needle electrode array, facilitating the ability to 

Fig. 1  The Sonata System, dem-
onstrating separate intrauterine 
ultrasound probe and RF elec-
trode components (upper right) 
and tablet-based ultrasound 
display with RF generator and 
system cart (upper left)
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appropriately target and ablate fibroids in a safe and straight-
forward manner [16, 17••]. The combination of intrauter-
ine sonography with an RF ablation component enables the 
treatment of a broader range of uterine fibroids than can be 
resected hysteroscopically.

The intrauterine ultrasound (IUUS) probe within the 
Sonata device has a center frequency of 7.5 MHz and a 
depth of penetration > 9 cm, with a 114° field of view. A 
typical IUUS image is shown in Fig. 2. The Sonata System 
can place ablations in all nonpedunculated uterine fibroids; 
type 0, type 7, and type 8 (cervical and other extrauterine 
fibroids) are not recommended for treatment with Sonata 
[15•, 18•]. Depending on the ablation size, which is deter-
mined graphically by the gynecologist user, single ablation 
times range from 1 to 7 min, and multiple overlapping abla-
tions may be performed in one or more fibroids during the 
same treatment session [12•, 19, 20].

The system provides a real-time ultrasound display ena-
bling visualization of fibroids with a graphical targeting 
guide overlaying the image. This overlay depicts the loca-
tion and size of the subsequent ablation zone (red ellipsoid), 
along with a thermal safety border (green ellipsoid) that 
demarcates a point beyond which there are no significant 
thermal effects on tissue (Fig. 3) [15•]. The use of a vali-
dated safety border, in conjunction with a depiction of the 
ablation size and location, provides a focused and precise 
mechanism for creating ablations safely without extending 
beyond the uterine serosa, preventing damage to the sur-
rounding viscera. Ablations may also be limited to stay 
within a fibroid’s pseudocapsule if desired by the operator.

As with any fibroid treatment, including hysterectomy 
and myomectomy, gynecologists should keep in mind the 
potential for uterine malignancy, including adenocarci-
noma and sarcoma, especially if contemplating treatment 
of postmenopausal women. Endometrial sampling should 
be considered when appropriate (e.g., women > 45 years of 
age with abnormal uterine bleeding), along with biopsy if 
any solid lesions appear suspicious on imaging. That said, 
TFA is not an intraperitoneal fibroid treatment, nor does it 
involve resection or power morcellation.

The SONATA Clinical Trial

The sonography-guided transcervical ablation of uterine 
fibroids (SONATA) pivotal trial was a 147-patient prospec-
tive, interventional, multicenter, single-arm FDA trial in 
which 147 women with symptomatic fibroids were enrolled 
and treated at 22 sites (21 in the USA and one in Mexico) 
and followed through 36 months post-ablation [13••]. The 
co-primary endpoints, both measured at 12 months, were 
reduction in menstrual blood loss (MBL) and the rate of sur-
gical reintervention for heavy menstrual bleeding (HMB). 

Fig. 2  Intrauterine ultrasound (IUUS) image. In this patient, the 
fibroid is isoechoic, with similar characteristics as the surrounding 
myometrium, but readily identified because of the hypoechoic pseu-
docapsule around it. The uterine serosa is a prominent hyperechoic 
structure and is readily identifiable

Fig. 3  The Sonata SMART Guide, demonstrating the ablation zone 
(red ellipsoid) and thermal safety border (green ellipsoid) and uterine 
serosa along with a graphic of the tip of the Sonata IUUS Probe. The 
ablation zone depicts the size and location of the thermal ablation 

as chosen graphically (in real time) by the gynecologist performing 
TFA. The thermal safety border represents the border beyond which 
tissue is safe from potential thermal damage
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A variety of secondary endpoints, including patient satis-
faction, return to normal activity, safety, and the symptom  
severity score (SSS) and health-related quality of life (HRQOL)  
subscales of the Uterine Fibroid Symptom-Quality of Life 
(UFS-QOL) questionnaire, were also reported. Premenopau-
sal women 25–50 years of age were included if they had 
1–10 treatable fibroids (FIGO type 1, type 2, type 3, type 4,  
type 5, type 6, and hybrid type 2–5) up to 5 cm in maximal 
diameter based on baseline transvaginal sonography; at least 
one fibroid was required to be indenting the endometrial  
cavity (type 1, type 2, type 2–5, or abutting type 3). As this 
was a bleeding study, women were required to have a mini-
mum baseline pictorial blood loss assessment chart (PBAC) 
score between 150 and 500 as well as predictable, consistent 
menstrual cycles. Women were excluded for several factors, 
including if they desired pregnancy, had clinically signifi-
cant adenomyosis as determined by baseline MR imaging,  
or had prior endometrial ablation or uterine artery emboliza-
tion (UAE).

The mean age of patients enrolled in SONATA was 43 years.  
The study population was noteworthy for its diversity (33.3% 
of the patients were Black, 29.3% were Latina). In total, 442 
fibroids were ablated among the 147 patients, and the mean 
length of stay was 2.5 h (inclusive of the procedure time). 
Anesthesia choice was determined by individual physicians; 
50.3% of patients received general anesthesia while 49.7% 
received conscious sedation, with mean recovery pain scores 
of 3.4/10 and 1.9/10, respectively. Patients were treated in  
all three sites of service as outpatients: hospital operating 
rooms, ambulatory surgery centers, and physician offices 
[13••].

By 3  months post-ablation, there was a mean 39% 
reduction in menstrual bleeding as assessed by the PBAC 
(P < 0.001 from baseline) and menstrual bleeding was 
further reduced to 51% at 12  months (P < 0.001 from 

baseline). By 12 months, 95% of women reported a reduc-
tion in menstrual bleeding, with 65% of women reporting 
at least a 50% reduction in menstrual bleeding (P < 0.001 
from baseline). Ninety-seven percent of women were sat-
isfied with their treatment at 12 months. Transcervical 
fibroid ablation with the Sonata System was also asso-
ciated with cumulative rates of surgical reintervention 
for HMB of 0.7%, 5.0%, and 8.2% at 1, 2, and 3 years, 
respectively (Kaplan–Meier estimator method) [21••]. 
Patient-reported outcomes for the UFS-QOL questionnaire 
demonstrated statistically significant improvements in both 
the SSS and HRQOL subscales at 3 months and these 
improvements were sustained through 3 years (Figs. 4 and 
5) [13••, 21••].

On average, women returned to normal activity within 
2.2  days, with half returning to normal activity within 
1 day [13••]. With 132 out of 147 treated patients (90%) 
accounted for at 3 years, 94% noted satisfaction with their 
treatment, and absenteeism from work due to fibroid symp-
toms decreased by > 50% (P < 0.001) [21••].

Regarding safety outcomes, there were no device-
related adverse events. Two procedure-related serious 
adverse events were identified in the first year of follow-up 
and resolved without sequelae. These consisted of a deep 
venous thrombosis at 15 days post-ablation that was man-
aged with oral anticoagulants on an outpatient basis, and an 
overnight admission for noninfectious leukorrhea and pelvic 
pain 28 days after TFA. The three most frequent nonserious 
procedure-related adverse events consisted of fibroid slough-
ing (30.6%), cramping/pain (7.5%), and leukorrhea (6.1%). 
Fibroid expulsion was noted in 1.4% of patients through 
12 months [13••].

Two pregnancies resulted over the 3-year follow-up 
period [21••]. One patient conceived 22 months post-TFA, 
and her pregnancy culminated in an elective repeat Cesarean 

Fig. 4  Improvements in 
Symptom Severity Score (lower 
curve) and Health-Related 
Quality of Life Subscales of 
the Uterine Fibroid Symptom 
and Quality of Life Question-
naire in the SONATA Clinical 
Trial from baseline through 
36 months post-ablation
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section at 38 2/7 weeks’ gestation. At 29 months post-TFA, a 
40-year-old subject reported a first-trimester pregnancy loss.

Long‑Term Clinical Outcomes 
of Transcervical Radiofrequency Ablation 
of Uterine Fibroids: the VITALITY Study

VITALITY was a retrospective, single center, single-arm 
clinical study that involved longer-term follow-up of a 
17-patient cohort from the 12-month FAST-EU trial of TFA 
that had been conducted at 7 sites in Europe and Mexico 
[14••, 17••]. Of note, there were no surgical reinterven-
tions for HMB within the first 3.5 years status-post TFA, 
and an 11.8% cumulative reintervention rate over the mean 
follow-up period of 64 months (range: 57–73 months). Sig-
nificant improvements in the SSS and HRQOL subscales of 
the UFS-QOL questionnaire remained durable through that 
mean follow-up of 64 months (Fig. 5).

The OPEN Clinical Trial

Yang and colleagues have noted a 1.5–2.4% risk of intra-
uterine adhesiogenesis 1–3  months after hysteroscopic 
myomectomy of solitary fibroids, with a 78% incidence after 
resection of ≥ 2 apposing fibroids [22]. The OPEN clinical 
trial was a prospective, multicenter, single-arm, observa-
tional study to investigate the incidence of new intrauter-
ine adhesions following TFA [23••]. The primary endpoint 
was the incidence of new intrauterine adhesions at 6 weeks 
post-treatment.

Patients were enrolled if they had symptomatic fibroids 
and expressed a desire to undergo TFA with the Sonata Sys-
tem at any of the six sites located in Germany, Switzerland, 
and the UK; had at least one fibroid that indented the endo-
metrial cavity (e.g., FIGO type 1, type 2, type 2–5) with-
out limitations on size or number of fibroids being treated; 
and were willing to undergo second-look hysteroscopy at 
6 weeks post-ablation. No adhesion barriers were permit-
ted. Videos of baseline and second-look hysteroscopies were 

reviewed by an independent committee and, if present, any 
adhesions were scored per the European Society of Hyster-
oscopy system [24]. Patients with preexisting intrauterine 
synechiae at baseline, as evaluated by the independent com-
mittee, were excluded.

Of 37 women with an aggregate 50 fibroids who were 
enrolled and treated in OPEN, two patients withdrew after 
treatment without returning for a second-look hysteroscopy, 
while one patient’s hysteroscopy video was not evaluable. 
Among the 34 treated women who had paired baseline and 
second-look hysteroscopy videos that could be evaluated by 
the committee, no intrauterine adhesiogenesis was noted, 
including among six patients with apposing fibroids. The 
authors concluded “These results suggest the potential for 
adhesiogenesis after transcervical fibroid ablation, includ-
ing in women with apposing submucous and/or transmural 
myomata, may be minimal.”

Transcervical Fibroid Ablation 
for Fibroids > 5 cm in Maximal Diameter

Shifrin and colleagues performed a subgroup analysis of 
patients from both the FAST-EU and SONATA Clinical Trials  
with large fibroids > 5 cm [18•]. Of 50 women treated in 
FAST-EU, 10 (20%) had at least one fibroid > 5 cm. This 
represented 12 fibroids in total (13% of 92 ablated fibroids), 
with the largest treated fibroid having been 6.9 cm in maxi-
mal diameter. In SONATA (total n = 147), there were 9 
women with a total of 11 large fibroids (2.5% of 442 treated 
fibroids), the largest myoma having a diameter of 6.5 cm. 
Reductions in menstrual bleeding and improvements in SSS 
and HRQOL in these subgroups were significant beginning 
at 3 months post-ablation and were comparable to those seen 
for the overall cohort in both studies and were sustained over 
12 months. There was a mean reduction in large (> 5 cm) 
fibroid volume of 68.3% at 12 months in the FAST-EU trial, 
similar to the overall cohort’s mean 12-month fibroid volume 
reduction of 66.6% [14••, 18•].

Piriyev and colleagues retrospectively analyzed 151 
patients treated on a post market basis in their department 

Fig. 5  The VITALITY Study: 
Significant improvements in 
UFS-QOL scores, including in 
all six dimensions of health-
related quality of life, from 
baseline through a mean of 64 
months post-treatment with the 
Sonata System
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over a 10-year period and reported on the outcomes of 50 
women with at least one fibroid ≥ 5 cm [25•]. All patients 
were treated for HMB. There were 57 fibroids treated, rang-
ing in size from 4 to 12 cm, and the maximum number of 
ablations performed was five, in a single treatment session. 
Overall, 86% of their patients with ablated fibroids ≥ 5 cm 
noted symptom improvement. The authors reported an 
absence of intraoperative or postoperative complications 
and no reinterventions were noted. They concluded “Thus, 
the  Sonata® System is a simple, minimally invasive, rapid, 
and successful method that shows significant improvement 
of symptoms even in large myomas from ≥ 5 cm” [25•].

The SAGE Clinical Registry

SAGE is a global post market registry, aiming to characterize 
long-term outcomes and real-world use experience follow-
ing TFA for treatment of symptomatic uterine fibroids. The 
registry is ongoing and will enroll up to 500 women at up to 
50 sites worldwide [26•]. The primary outcomes include the 
SSS and HRQOL subscales of the UFS-QOL, health status 
as indicated by the EQ-5D questionnaire, patient satisfac-
tion, adverse events, pregnancy occurrence and outcomes, 
and surgical reintervention for HMB. Patients enrolled in the 
registry are followed 1-month post-ablation and then yearly 
through 5 years. The only inclusion criteria are age (18 years 
and older), the presence of symptomatic uterine fibroids, a 
desire to participate in the registry, and selection of TFA as 
the primary treatment option. To date, women in the registry 
have been treated at 8 sites in Germany, Switzerland, and 
the UK. The following is a summary from the most recent 
publication on this registry.

Preliminary results of the first 160 patients enrolled in 
SAGE of TFA outcomes were published by Christoffel and 
colleagues [26•]. Mean age was 42 ± 7 years, and the mean 
follow-up was 5.3 ± 6 months (maximum follow-up was 
25 months). In all, 241 fibroids were ablated, ranging in size 
from < 1 to > 10 cm, with 27% having diameters > 5 cm. The 
range of treated fibroids included submucous (10%), transmu-
ral (52%), intramural (28%), and subserous myomata (10%).

As with earlier clinical studies, there were no serious 
device-related adverse events. There was one case of endome-
tritis reported (0.6%) that was deemed a serious procedure-
related adverse event. A second-degree skin burn at the site of 
the dispersive electrode, resulting from human error/misuse by 
site staff, was reported and classified as device-related (0.6%).

Health Economic Studies

Several health economic studies and analyses have been per-
formed for TFA with the Sonata System. A paper by Huirne 
and Brooks noted significant improvements in health utility  
from baseline to 12 months in 49 women treated as part of 

the earlier FAST-EU trial [27•]. There is a similar health eco-
nomic analysis of 147 women from the SONATA Clinical Trial  
demonstrating durable improvements over 3 years in generic 
and fibroid-specific quality of life, along with clinically mean-
ingful increases in quality-adjusted life years (QALYs) [28•].

There are three recent studies examining surgical economic 
cost comparisons that involve patients treated as part of the 
SONATA Clinical Trial. The COMPARE study was a cost 
analysis of hospital charge data from the perioperative through 
30-day follow-up period, compared against that of myomec-
tomy and hysterectomy [29•]. Patients undergoing TFA had 
a significantly lower mean length of stay (5.1 h) compared 
against both hysterectomy (73 h) and myomectomy (80 h) (all 
P < 0.001). From a facility perspective, this led to a signifi-
cantly lower cost for TFA procedures ($7701) vs hysterectomy 
($10,353) and myomectomy ($12,003).

Similarly, the INSPIRE study examined perioperative and 
1-year cost and health care resource utilization (HCRU) data 
for TFA, myomectomy, and hysterectomy from a payor per-
spective [30•]. INSPIRE found that use of the Sonata System 
to perform TFA was associated with significantly reduced 
index procedure, complication, and admission costs through 
12 months compared to myomectomy and hysterectomy. 
Besides a reduced length of stay, patients undergoing TFA 
had significantly lower payor costs for complications, imag-
ing, and prescription medications than did myomectomy and 
hysterectomy.

A facility-level comparative study of TFA was performed 
(the CHOICES study) involving 88 women equally divided 
into a TFA cohort (n = 44) and myomectomy (n = 44) who 
were case-matched retrospectively, with treatment having been 
provided at four centers [31•]. The CHOICES study found that 
TFA had a significantly reduced mean operating room dura-
tion and length of stay than myomectomy. Mean procedure, 
anesthesia, laboratory, pathology, and pharmacy costs were 
significantly lower for TFA compared to myomectomy. When 
stratified by route and site of service, TFA was associated with 
significantly lower mean procedure costs compared to inpa-
tient, abdominal, or laparoscopic myomectomy.

Systematic Reviews of TFA/Clinical 
Guidelines

Three systematic reviews involving TFA have been 
published to date. The first, by Taheri and colleagues, 
reviewed reductions in uterine and fibroid volumes for 
nonresective fibroid treatments such as UAE, FUS, and RF 
ablation [32]. Their review included 81 papers represent-
ing RF ablation (n = 11), UAE (n = 52), and FUS (n = 17). 
The use of RF ablation, including TFA, was associated 
with the greatest overall percentage of fibroid volume 
reduction (70%) vs UAE (54%) and FUS (32%).
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Bradley, Pasic, and Miller performed a systematic 
review and meta-analysis regarding the clinical perfor-
mance of RF fibroid ablation (transcervical, transvaginal, 
and laparoscopic), involving 32 papers representing 1283 
patients [33•]. Five papers involved TFA, specifically with 
the Sonata System. The authors concluded RF ablation 
was effective in significantly reducing fibroid volume and 
produces durable symptom relief and a low reintervention 
rate. Specific to TFA, the systematic review noted that a 
transcervical approach to fibroid ablation was associated 
across the five papers with a 2.5-h mean length of stay, 
a mean 3.3-day return to normal activity, and a 3.6-day 
mean return to work, all of which were less than those 
associated with operative laparoscopy (10.7 h, 9.0 days, 
and 6.5 days, respectively).

A recent systematic review specific to TFA with the 
Sonata System reviewed 10 studies involving 227 patients 
[34••]. The review examined reductions in bleeding and 
improvements in SSS and HRQOL as well as the overall 
reintervention rate. Synthesizing the studies (SONATA, 
FAST-EU, VITALITY, OPEN) along with three case 
reports, the authors concluded “Radiofrequency ablation 
with the Sonata System represents a minimally invasive, 
organ-preserving treatment option in patients with sympto-
matic uterine myomas, associated with clinically meaning-
ful improvement of myoma-related symptoms.”

Gynecologists in Germany, Switzerland, and Austria 
convened in 2020 to develop consensus guidelines for TFA 
[35, 36, 37•]. They stated that TFA is preferable for treat-
ing FIGO type 2, type 3, type 4, and type 2–5 fibroids 
as well as an option for large type 1 fibroids, multiple 
fibroids, and any fibroids that are challenging to access 
using transperitoneal surgical treatment. They noted that 
TFA is associated with faster recovery compared with non-
transcervical fibroid treatment options, as well as low rates 
of complications and surgical reintervention.

Finally, The American College of Obstetricians and 
Gynecologists updated its Practice Bulletin #228 on the 
Management of Symptomatic Uterine Leiomyomas and 
indicated that RF ablation is a “reasonable option” for the 
management of symptomatic fibroids [38]. The ACOG 
Practice Bulletin also noted equivalent outcomes for tran-
scervical, laparoscopic, and transvaginal fibroid ablation.

Pregnancy after TFA

While the safety, optimal conception timing, and appropri-
ate routes of delivery after TFA remain to be established, 
there have been pregnancies reported in the literature after 
TFA, including vaginal deliveries as well as after assisted 
reproduction (ART) [39, 40•, 41, 42].

Christoffel and colleagues recently reviewed a series of 36 
pregnancy outcomes among 28 women who had undergone 
TFA for symptomatic uterine fibroids with the Sonata System 
[40•]. Of the 28 women, 9 had been enrolled in either FAST-
EU, SONATA, or SAGE, while 19 were treated with TFA on a  
post market basis. There were 20 deliveries, 8 of which were 
achieved vaginally while 12 were via Cesarean section (C/S; 
9 primary, 3 repeat). There were 3 therapeutic abortions and 
8 spontaneous abortions (4 of which were in the same patient 
with apparent antiphospholipid syndrome). There were no  
low 5-min Apgar scores, no birth weight was < 2500 g, and 
all but one delivery (at 35 6/7 weeks) took place at or beyond 
37 weeks’ gestation. There were no stillbirths or abnormal 
placentation, nor were postpartum hemorrhage or uterine 
rupture noted in the peripartum period. Five women reported 
more than one pregnancy after TFA, and 4 women conceived 
after ART. The largest ablated fibroid diameter was 7 cm, and 
nearly half of the treated fibroids were transmural. Reported 
pregnancy-associated complications included fetal macroso-
mia, hemolysis with elevated liver enzymes and a low platelet 
count (HELLP syndrome), premature rupture of membranes 
with meconium-stained amniotic fluid, breech presentation, 
and pyelonephritis noted at 16 weeks’ gestation. Since the 
publication of this pregnancy review, the total number of 
pregnancies after TFA has risen to 44, resulting in 27 deliv-
eries (11 vaginally, 16 via C/S) [43].

Keltz and colleagues reviewed the literature on pregnancy 
after hyperthermic ablation of uterine fibroids, including 
after FUS and RF ablation, and noted 20 pregnancies after 
RF ablation involving transcervical, transvaginal, and lapa-
roscopic methodology [44]. Pregnancy outcomes after RF 
ablation were generally favorable, with one delivery after 
laparoscopic fibroid ablation (LFA) complicated by fibroid 
expulsion and postpartum hemorrhage. No abnormal pla-
centation or uterine rupture was noted. They also noted 
two large series of pregnancies after FUS, representing 78 
pregnancies in total, along with 24 additional pregnancies 
cited as case reports. Of note, there were no instances of 
uterine rupture after FUS, and outcomes were also typically 
favorable.

Additionally, Polin and Hur performed a systematic 
review of pregnancies after RF ablation of uterine fibroids 
[45•]. Ten papers representing 50 pregnancies (40 after 
LFA, 10 after TFA) were included in the final review. These 
pregnancies occurred among 923 treated women: 559 with 
LFA; 364 with TFA. There were 44 full-term deliveries (24 
vaginal, 20 via C/S) and 8 spontaneous abortions (12% of 
pregnancies), one of occurred in the early midtrimester. No 
instances of uterine rupture, placenta accreta spectrum, or 
intrauterine growth restriction were noted. The authors con-
cluded “Almost all pregnancies after radiofrequency abla-
tion of fibroids were full-term deliveries with no maternal or 
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neonatal complications. These findings add to the literature 
that radiofrequency fibroid ablation may offer a safe and 
effective alternative to existing treatments for women who 
desire future fertility.”

Across all RF treatment modalities, there have thus been 
at least 76 published pregnancies (36 pregnancies after TFA 
and 40 after LFA) [40•, 45•] with generally favorable out-
comes. If one also considers the 102 pregnancies after FUS 
as tallied by Keltz and Chudnoff, the combined published 
pregnancy experience after hyperthermic (TFA, LFA, and 
FUS) fibroid ablation represents a minimum of 178 pregnan-
cies [44].

Discussion

The evidence base in support of TFA as a safe, effective, 
and durable transcervical fibroid treatment option has grown 
significantly since a prior review from 2017 [15•]. A search 
of the available literature via PubMed and other sources has 
revealed 27 papers published since the 2017 review. There 
have now been 7 additional clinical research trials/studies 
and subanalyses along with 3 health economic studies. These 
include multiple prospective controlled trials, an ongo-
ing global clinical registry, and longitudinal data through 
more than 5 years post-ablation [13••, 14••, 17••, 21••, 
23••, 26•, 46•]. Systematic reviews that included, or were 
exclusive to, TFA have indicated that TFA is safe, effective, 
and compares favorably against other hyperthermic fibroid 
ablation methods such as FUS and LFA [32, 33•, 34••]. In 
total, along with the FAST-EU study, the published data 
cited herein on TFA represents the treatment of more than 
900 fibroids among 463 women.

The 1-, 2-, and 3-year data from the SONATA FDA pivotal  
clinical trial reinforce the earlier 12-month data from the 
FAST-EU trial and demonstrate durable clinical improve-
ment over 3 years. It should be mentioned that 65% of 
women in the SONATA trial reported at least a 50% reduc-
tion in menstrual bleeding at 12 months, exceeding the FDA 
requirement for 50% of patients to have experienced that 
level of bleeding reduction at 12 months. The results from 
VITALITY provide additional longitudinal data on TFA 
demonstrating a low reintervention rate (11.8%) through 
more than 5 years and are consistent with the 8.2% 3-year 
cumulative reintervention rate in the SONATA Clinical Trial.  
While direct, comparative data is not yet available regarding 
the durability of TFA against that of other fibroid treatments, 
TFA reintervention rates from 12 to 64 months compare 
favorably to those of myomectomy, UAE, and other alterna-
tives to hysterectomy [17••, 33•].

The subanalysis from Shifrin et al. of 19 women with 
fibroids > 5 cm treated in the FAST-EU and SONATA stud-
ies, along with the retrospective analysis by Piriyev and 

colleagues of 50 women with large fibroids, demonstrates 
the potential applicability of TFA to treat a wide range of 
fibroid sizes. While operative hysteroscopy, either with 
resectoscopy or morcellation devices, can address many sub-
mucous fibroids, large type 1 and deep/large type 2 fibroids 
pose challenges, including an increased risk of complica-
tions and the need to multistage the procedure [47, 48]. The 
inability of operative hysteroscopy to treat deeper fibroids 
that cannot be directly viewed with the endoscope itself, 
as well as large submucous fibroids, is a limitation of this 
modality. The integration of intrauterine sonography with 
RF ablation, as is coupled in the Sonata device, enables 
transcervical ablation of intramural, transmural, and nonpe-
dunculated subserous fibroids, along with nonpedunculated 
submucous fibroids. This provides advantages for patient 
safety and recovery and enables an outpatient site of service 
for the treatment of nearly all uterine fibroid types.

The OPEN clinical trial found that TFA is associated with 
a minimal risk of intrauterine adhesiogenesis. The lack of 
adhesion formation noted by the independent committee in 
34 women is encouraging, given that 6 patients in the study 
had apposing myomata that were ablated. This is in contrast 
to the significant risk of adhesions after many other transcer-
vical procedures (e.g., hysteroscopic resection of apposing 
fibroids, endometrial ablation, dilatation, and curettage), 
which may create challenges for subsequent access to the 
endometrial cavity [49–52].

Finally, while safety in women who desire future preg-
nancy remains a subject of ongoing study, there is reassuring 
published data involving nearly 80 women in case series 
involving TFA or LFA and over 100 after FUS. Indeed, FUS 
is a thermal ablation modality that is considered by the FDA 
to be compatible with future pregnancy, based on submitted 
outcomes of 118 pregnancies [15•, 53].

As TFA enables transcervical treatment of fibroids 
beyond those amenable to hysteroscopic resection or 
morcellation, it should be reasonably considered as a pri-
mary focal treatment option for women as soon as they are 
diagnosed with symptomatic fibroids. TFA can be used 
for fibroids up to 8–10 cm in diameter in women with as 
many as 10 nonpedunculated fibroids. TFA is performed 
at a significantly lower cost compared to hysterectomy 
or transperitoneal myomectomy. The procedure is well-
tolerated by patients, is performed on an outpatient basis, 
preserves the uterus, and enables prompt return to normal 
activity and work. As was noted in 2017, TFA “…could 
significantly change the current paradigm in which women 
either lose their uteri or potentially undergo surgical and 
radiologic procedures that have significant drawbacks in 
terms of invasiveness and recovery time or require multi-
ple treatment sessions” [15•].

Given a disturbing lack of access to minimally invasive, 
uterus-conserving fibroid treatments among women of 
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color and other underserved populations, more widespread 
use of TFA could enable broader availability of outpatient, 
single-treatment fibroid care delivered by gynecologists 
without a requirement for general anesthesia or even a 
hospital operating room [9, 10, 54]. Transcervical fibroid 
ablation could also potentially address the significant num-
ber of unnecessary hysterectomies performed for sympto-
matic uterine fibroids and avoid the significant morbidi-
ties and costs associated with this more radical fibroid 
treatment option [55]. Finally, there is an unmet need for 
a less invasive, less morbid approach to the treatment of 
solitary intramural fibroids (including type 3 myomata) for 
which hysterectomy or myomectomy is commonly applied. 
By providing an incisionless, nonresective approach for 
the treatment of uterine fibroids, this unmet need can be 
addressed by TFA.

Conclusions

Transcervical fibroid ablation is an outpatient treatment 
modality that can safely address all nonpedunculated uterine 
fibroid types and is associated with high patient satisfac-
tion, significant durable symptom relief, and a rapid return 
to work and normal activity. The growing evidence base 
confirms TFA as a safe and effective treatment that meets a 
significant unmet clinical need for fibroid treatments, includ-
ing among underserved populations.
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