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ABSTRACT Study Objective: To analyze pregnancy delivery and safety outcomes after patient receipt of percutaneous, laparoscopic
intra-abdominal ultrasound-guided radiofrequency ablation (Lap-RFA) for symptomatic uterine myomas.
Design: Case series (2010—2017); evidence was obtained from 2 randomized, controlled trials (Ievel I), 6 cohort studies
(level II-2), and in commercial settings (level I1-3).
Setting: Multiple sites in the United States, Canada, Europe, and Latin America (university hospitals, community hospitals,
and stand-alone surgery centers). Commercial cases were United States based and followed US Food and Drug Administra-
tion clearance of Lap-RFA.
Patients: Premenopausal adult women with symptomatic uterine myoma types 1 through 6.
Interventions: The Lap-RFA procedure was conducted under general anesthesia with laparoscopic and intra-abdominal
ultrasound guidance.
Measurements and Main Results: Safety unknowns included the safety of a full-term pregnancy for mother and baby,
rates of spontaneous abortion, preterm delivery, postpartum hemorrhage, placental abnormalities, intrauterine growth
restriction, and vaginal versus cesarean delivery. A total of 28 women (mean age =35.0 & 3.4 years) conceived a total of
30 times after Lap-RFA, either as part of a clinical study or in commercial settings. The number of myomas treated per
patient ranged from 1 to 7. The diameter of treated myomas ranged from 0.9 to 11.0 cm. Most patients had 1 or 2 myomas,
and most myomas were <5.5 cm in maximal diameter. The 30 pregnancies resulted in 26 full-term live births (86.7%), all
healthy infants, with an equal distribution of vaginal and cesarean deliveries. Four (13.3%) spontaneous abortions occurred.
No cases of preterm delivery, uterine rupture, placental abruption, placenta accreta, or intrauterine growth restriction were
reported. One event each of placenta previa and postpartum hemorrhage were reported.
Conclusion: Conception and safe, full-term pregnancy are achievable after Lap-RFA of symptomatic myomas. Additional
large, rigorous, multivariate prospective studies that adjust for confounders and report pregnancy outcomes after symptom-
atic myoma treatment are needed. Journal of Minimally Invasive Gynecology (2019) 00, 1-7. © 2019 AAGL. All rights
reserved.
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Uterine myomas (leiomyomas) are the most common
benign, solid tumors found in women, with a 70% to 80%
cumulative incidence by age 50 [1]. Annually, ~1% of US
women seek treatment for uterine myomas [2]. Symptoms
can include abnormal uterine bleeding, pelvic pain,
enlarged uterus or pelvic mass, and bowel and/or bladder
dysfunction [3]. Myomas may make conception difficult
and increase the risk of adverse pregnancy outcomes [2].

Treatment approaches include conservative medical
management, hormonal therapy, minimally invasive surgi-
cal and radiologic techniques, and hysterectomy [3]. Med-
ical therapies reduce myoma symptoms and volume over
the short-term [4—6]. However, women may respond
poorly over the long-term [7]. Hysterectomy is the only
treatment that eliminates all risk of myoma development.
Minimally and less invasive techniques are typically rec-
ommended for women who would like to conceive within
1 year of surgery [4] because they are uterine sparing,
have reduced morbidity and recovery time, and may pre-
serve fertility [3.8]. These techniques include myomec-
tomy (laparotomy, minilaparotomy, laparoscopy, or
hysteroscopy), uterine artery embolization, magnetic reso-
nance—guided focused ultrasound surgery, and ultra-
sound-guided thermal ablation [3,6]. However, limited
head-to-head data exist to evaluate the impact of various
myoma treatments on fertility and pregnancy [4].

Percutaneous, laparoscopic intra-abdominal ultrasound-
guided radiofrequency ablation (Lap-RFA; Acessa Health,
Inc., Austin, TX) is an outpatient, uterine-sparing, mini-
mally invasive technique to treat symptomatic uterine myo-
mas. Lap-RFA can be used to treat intramural, subserosal,
submucosal, and transmural myomas. It is not recom-
mended for pedunculated myomas with a stalk <50% of the
total myoma diameter. Pedunculated myomas with a stalk
>50% of the total myoma diameter can be treated with
Lap-RFA at the surgeon’s discretion [9]. Lap-RFA received
US Food and Drug Administration (FDA) clearance in
November 2012 [11], and >2500 procedures have been per-
formed. This case series evaluates pregnancy delivery and
safety outcomes after Lap-RFA for symptomatic uterine
myomas.

Materials and Methods

Data on all pregnancy cases were collected from 8
clinical trials and multiple commercial settings (defined
as postmarket cases after FDA clearance unrelated to a
clinical trial) between December 2010 and December
2017 [9,10,12—17]. Clinical trials included 3 premarket,
prospective studies (2 feasibility studies and 1 pivotal
trial with a 3-year follow-up) [12—15]; 4 postmarket,
prospective studies (1 surgeon training study, 2 random-
ized controlled trials, and 1 pilot study) [9,10,16,17];
and 1 postmarket retrospective cohort study [18]. Table 1
provides a description of the design, geographic loca-
tion, key inclusion/exclusion criteria, and follow-up for

all studies evaluated. Briefly, clinical trials were con-
ducted at multiple sites in the United States, Canada,
Germany, and Latin America (Mexico and Guatemala).
Study settings were university hospitals, community hos-
pitals, and stand-alone surgery centers [9,10,12—17]. All
commercial cases were from the United States. The
duration of follow-up for the prospective clinical trials
ranged from 1 to 5 years, [9,10,12—15,17] except for
the surgeon training study, which followed patients for
4 to 8 weeks [16]. No preset follow-up duration was
established for the retrospective cohort study [19] or the
commercial cases.

Patients treated in a clinical trial met the inclusion and
exclusion criteria for their original study; for commercial
patients, the attending physician established the inclusion
and exclusion criteria. The prospective clinical trials
enrolled premenopausal adult women with myomas
>1 cm and <7 cm [12—15], >1 cm and <5 cm [17], or
<10 cm [9,10,15] in diameter, with a total uterine volume
<300 cm?® [12—15,17] or the equivalent of 16 weeks’ ges-
tation [9,10,15]. Patients were also required to have a nor-
mal Papanicolaou test and no current untreated cervical
dysplasia or malignancy. Exclusion criteria included con-
traindications for laparoscopic surgery or general anesthe-
sia, the presence of significant intra-abdominal adhesions,
and/or chronic pelvic pain not caused by myomas [9,12
—16].

Women who had only pedunculated submucosal (type
0) and/or <50% intramural submucosal (type 1) myomas
were not treated with Lap-RFA and were referred for
hysteroscopic myomectomy; however, women who had
type 1 myomas in conjunction with other myoma types
[2—6] were eligible for treatment with Lap-RFA. Addi-
tionally, women who had only pedunculated subserosal
(type 7) myomas were referred for laparoscopic myo-
mectomy.

The Lap-RFA procedure has been described in detail by
Chudnoff et al [14]. It is conducted under general anesthesia
with laparoscopic and intra-abdominal ultrasound guidance
used to locate and target each myoma. A radiofrequency
handpiece tip is inserted percutaneously and introduced into
the targeted myoma; laparoscopic ultrasound is used to con-
firm tip placement. The surgeon deploys a 7-needle elec-
trode array from the tip to the desired ablation diameter and
volume within the myoma capsule. The device generator
raises the tissue temperature to 95° to 100°C over a period
of seconds to minutes (based on myoma size, desired abla-
tion volume, and/or the system’s algorithm), causing coagu-
lative necrosis and myoma cell death without compromising
the surrounding healthy myometrium or endometrium. The
myoma shrinks and may be absorbed over time. Lap-RFA
does not require laparoscopic suturing. Six weeks of pelvic
rest is recommended after the procedure.

Gynecologic surgeons who performed Lap-RFA as part
of the clinical trials completed standardized data collection
forms that captured patients’ baseline characteristics and



Table 1

Characteristics of clinical trials of laparoscopic intra-abdominal ultrasound-guided radiofrequency ablation (Lap-RFA) and procedures conducted in commercial settings

Premarket Studies Postmarket Studies

‘Ip 12 uvuiiag

criteria

chronic pelvic pain not caused by myomas; history of or evidence of gynecologic malignancy

Data Source Feasibility Studies Pivotal Study LUSTOR Study TRUST Studies NCT01563783 Pregnancy Study Retrospective Commercial
NCT00874029 NCT01750008 (Canada), NCT02163525 (US) NCT03028610 Study Settings
Reference Garza et al, Robles et al, Chudnoff et al, Brucker et al, Braun et al, Rattray et al, NA Levine et al, NA
2011 2013 2013; Berman et 2014 2016 2018 2017
al, 2004
Design Prospective, sin-  Prospective, sin-  Prospective, mul-  Prospective, ran- Prospective, sin-  Prospective, ran-  Prospective, single- Retrospective, Real-world
gle-center, gle-center, ticenter, single- domized, single- gle-arm, mul- domized, mul- center, longitudinal, single-center, evidence
single-arm single-arm arm study center, ticenter, ticenter, longi- single-arm, pilot comparative
study study longitudinal, safety, sur- tudinal, com- study cohort study
comparative geon training parative study
study study
Setting Mexico Guatemala usS Germany usS Canada Germany US (IL) US (CA, IL,
TX)
Follow-up 12 months 12 months 36 months 60 months 4-8 weeks Up to 60 months 36 months NA NA
Pregnancies (n) 1 1 4 4 3 3 3 5 6
Key inclusion Premenopausal, >25 years old, did not desire current or Premenopausal, >18 years old, symptomatic uterine myo-  Premenopausal, 18—40  All cases of Established by
criteria future childbearing, symptomatic uterine myomas (>1 mas (<10 cm), uterine size <16 gestational weeks years old, desire excisional attending
and <7 cm), total uterine volume <300 cm® pregnancy <2 years removal of physician
after Lap-RFA, uterine myo-
symptomatic uterine mas per-
myomas (>1 and <5 formed from
cm), total uterine vol- 2013 to 2016
ume <300 cm®
Key exclusion Contraindications for laparoscopic surgery or general anesthesia; the presence of significant intra-abdominal adhesions, cervical myomas, and/or NA

NA =not applicable.
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Table 2

Spontaneous Abortions Overall

4% 28

37.3(1.0) 35.0(3.4)

37.5 (36—38) 35.0 (30—44)
2.5(1.8) 1.4 (1.4)
2.5 (0-5) 1.0 (0-5)
3.5@2.1) 2.6 (2.0
3.5 (1-6) 2.0 (1-7)
44(1.5) 472.2)
3.9 (3.0-6.9) 44 (1.4-11.0)

Patient and myoma characteristics
Full-term
Live Births
Total number of women 25
Age at baseline
Mean (SD) 34.8 (3.4)
Median (range) 35.0 (30—44)
Gravidity'
Mean (SD) 1414
Median (range) 1.0 (0—4)
Number of myomas treated
Mean (SD) 2.4 (2.0)
Median (range) 2.0 (1-7)
Maximal diameter of the largest myoma treated (cm)*
Mean (SD) 4.7(2.2)
Median (range) 44(1.4-11.0)
* One woman in this group also completed a pregnancy to term.
f Data missing for 1 woman who completed a pregnancy to term
¥ Data missing for 2 women who completed pregnancies to term.

intraoperative and postoperative outcomes, including any
pregnancies. For commercial cases, the manufacturer
requested that surgeons document and describe outcomes
of any pregnancies that occurred after Lap-RFA therapy.
For data collected prospectively during pre- or postmarket
clinical trials [9,10,12—16], independent biostatistics
firms analyzed and validated all baseline, perioperative,
and long-term outcomes, including any postprocedure
pregnancies. For the retrospective study [18] and commer-
cial cases, when a postprocedural pregnancy was identi-
fied, a clinical coordinator or consultant retrospectively
entered patient data onto standardized case report forms,
which were then validated and signed off by the treating
surgeon after the surgeon compared the case report with
the source data. These forms were subsequently reviewed
by the clinical consultant for missing data, with additional
follow-up as needed.

quency ablation (Lap-RFA) of symptomatic myomas

Outcome n (%)

Pregnancies 30 (100)
Full-term live births 26 (86.7)
Vaginal deliveries 13 (50.0)
Cesarean sections 13 (50.0)
Postpartum hemorrhage™ 1(3.8)

Spontaneous abortion 4(13.3)
1st trimester 3(10.0)
2nd trimester 1(3.3)

Outcomes of interest were baseline age, elapsed time
from treatment to conception, length of pregnancy, any
spontaneous abortion (SAB), postpartum hemorrhage
(PPH), placental abnormalities, intrauterine growth restric-
tion or uterine rupture, delivery method (cesarean or
vaginal), Apgar scores of each infant, and any other compli-
cations. The study authors had access to clinical trial data
and case report forms for each patient.

Before Lap-RFA treatment, all clinical study patients
signed an informed consent form, which included the poten-
tial publication of their procedures and outcomes. All clini-
cal study sites received institutional review board approval
[9,12—18], and the current study was institutional review
board—approved by Wayne State University, Detroit, MI
(#091417M1X, September 18, 2017).

All pregnancy data were evaluated using Excel (Micro-
soft, Redmond, WA) and are presented descriptively as

Table 3

Pregnancy outcomes among women (N = 28 patients, N = 30 pregnancies) who underwent laparoscopic intra-abdominal ultrasound-guided radiofre-

Mean Time from Procedure to
Conception, Months (Range)

Mean Age at Baseline,
Years (Range)

35.0 + 3.4 (30—44)
34.7 £ 3.5 (30—44)
34.5 £ 4.0 (30—44) 8.5+ 6.5(3—28)
34.8 £+ 3.0 (30—41.5) 9.2 4+ 5.4 (1-23.5)
32 55

37.3 £ 1.0 (36—38) 21.5 £ 21.9 (6.5—54)

10.7 £ 9.9 (1—-54)
9.14£5.9(1-28)

37 + 1.0 (36—38)
38

24.5 & 25.8 (6.5—54)
12,5

* Hemorrhaging occurred after cesarean delivery of a healthy infant followed by surgical disruption of a degenerative myoma.
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Reported Reason for Cesarean Delivery

Unknown safety outcome of Lap-RFA on vaginal delivery

Obstetric history of prior cesarean section

Placenta previa marginalis

Nuchal cord

Oligohydramnios and fetal intolerance to labor

Presence of a uterine scar from a past myomectomy

High-risk pregnancy and/or recommendation from an obstetric and
gynecologic/maternal-fetal specialist

Table 4

Reasons for women undergoing cesarean delivery after laparoscopic intra-abdominal ultrasound-guided radiofrequency ablation (Lap-RFA) procedure

Overall
n (%) of 26 n (%) of 13
Pregnancies Cesarean Deliveries
4(15.4) 4(30.8)
3(11.5) 3(23.1)
1(3.8) 1(7.7)
1(3.8) 1(7.7)
1(3.8) 1(7.7)
1(3.83) 1(7.7)
2(1.7) 2(15.4)

means =+ standard deviations of the means, medians (range),
rates, percentages, and minimum/maximum values.

Results

Over the 7-year study period, 28 women, aged 30 to
44 years at baseline (mean=35.0 &+ 3.4 years, Table 2),
conceived a total of 30 times after a Lap-RFA procedure.
Of the 30 pregnancies, 24 (80.0%) occurred in women who
received Lap-RFA as part of a clinical study; the remaining
6 (20.0%) were reported in women who received Lap-RFA
in a commercial gynecologic setting after FDA clearance of
the device and procedure. Two of the women in the clinical
study cohort accounted for 2 pregnancies each. The median
patient gravidity was 1.0 (range, 0—5) pregnancy. Racial
and ethnic demographic information was not available for
all patients.

The number of myomas treated per patient ranged from
1 to 7, and the diameter of treated myomas ranged from 0.9
to 11.0 cm. Most patients had 1 or 2 myomas, and most
myomas were <5.5 cm in maximal diameter. The most
common symptom reported by patients at baseline was
menorrhagia, with 1 patient requiring preprocedural blood
transfusion because of low hemoglobin and hematocrit lev-
els. Other common symptoms were pressure, pain, and
sleep disturbance.

The mean time from treatment to conception was 10.7 +
9.9 months; excluding patients who conceived twice, the
mean time to conception was 8.5 £ 4.5 months. As shown
in Table 3, the 30 pregnancies resulted in 26 full-term live
births (86.7%), all healthy infants, with an equal distribu-
tion of vaginal and cesarean deliveries (n=13 for each).
Four (13.3%) SABs occurred: 3 early in the first trimester
and 1 at 21 weeks’ gestation.

Of the 26 full-term live births, the mean = standard devi-
ation gestational age (reported for 21 infants) was 38.5 £+
2.2 weeks, and the mean = standard deviation infant weight
(reported for 24 infants) was 3.4 + 0.4 kg. A total of 22
infants were assessed for Apgar scores at 1 and 5 minutes;

all Apgar scores were >7 at 1 and 5 minutes, except for 1
infant who had an Apgar score of 6 at 1 minute; however,
this score increased to 9 at the 5S-minute mark. Apgar scores
were not recorded for 3 infants; however, these babies were
full-term and described as “healthy.”

No cases of preterm delivery, uterine rupture, placental
abruption, placenta accreta, or intrauterine growth restric-
tion were reported. One event of placenta previa marginalis
was reported before a cesarean delivery of a healthy infant,
and 1 event of PPH was reported after cesarean delivery of
a healthy infant [16]. This occurred after 1 of the early pre-
market pregnancies. Hemorrhaging began during closure of
the uterus and after disruption of a single large degenerative
fundal transmural myoma. Forty-eight hours after delivery,
the patient experienced abdominal pain and contractions
followed by expulsion of the degenerative myoma tissue
and approximately 1000 mL blood. She underwent curet-
tage, was transfused with 6 units of blood, and recovered
fully 1 day later with no adverse outcomes.

Multiple reasons were reported for the cesarean deliver-
ies (Table 4). The 2 most common were obstetric history of
a prior cesarean section and the unknown safety of Lap-
RFA on a subsequent vaginal delivery (n=4 for each).
Other reasons for cesarean deliveries were placenta previa
marginalis, breech presentation, history of infertility with a
recommendation from a maternal-fetal medicine specialist,
nuchal cord, oligohydramnios and fetal intolerance to labor,
and the presence of a uterine scar from a past myomectomy.

Discussion

This analysis indicates that safe childbearing with full-
term gestation can be achieved after Lap-RFA of symptom-
atic myomas. Of the 30 pregnancies evaluated, a full-term,
live birth rate of 86.7% (26/30) was achieved with no cases
of preterm delivery, uterine rupture, placental abruption,
placenta accreta, or intrauterine growth restriction.

This study’s cesarean delivery rate of 50% (13/26) was
higher than the overall 2013 US rate of 32.7% [19]. The
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management of delivery was at the discretion of the attend-
ing obstetrician. Because many patients were of advanced
maternal age (mean =35 years), the observed cesarean sec-
tion rate would be expected to more closely correspond to
US rates for women aged 30 to 34, 35 to 39, and 40 to
54 years (35.5%, 41.6%, and 49.6%, respectively) [19].
Based on this limited number of cases, there is insufficient
evidence to suggest that cesarean deliveries are required
after Lap-RFA of uterine myomas.

One study patient experienced severe PPH (blood loss
>1000 mL) [20] after cesarean delivery of a healthy, full-
term infant. The reported US PPH incidence is 2.5% in
women with untreated myomas [21]. It is not known
whether this patient had a history of cesarean delivery, but
a prior cesarean delivery is an independent risk factor for
severe PPH [22,23]. PPH incidence after Lap-RFA should
be carefully monitored.

No study patients experienced uterine rupture, which is
reported in 0.035% of deliveries in the general population
[24] and in <1% after laparoscopic myomectomy [25].
Because previous uterine surgery is known to increase uter-
ine rupture risk, this low incidence may reflect a lack of
long-term data. For example, a 6-year follow-up analysis of
laparoscopic myomectomy found a 10% rate of uterine rup-
ture [24,25].

The current study’s SAB rate of 13.3% is within the 11%
to 22% range for the general obstetric population [26].
Cumulative SAB rates of 46.7% and 15.3% have been
reported in women with submucosal and intramural myo-
mas [21]. In a randomized controlled trial (N=131), SAB
rates after laparoscopic and abdominal myomectomy were
20.0% and 12.2% [27], whereas a literature review of 21
studies found SAB rates between 7% and 28% after laparo-
scopic myomectomy [25]. SAB rates after magnetic reso-
nance—guided focused ultrasound surgery or uterine
embolization have been reported at 28% and 53%, respec-
tively [28,29].

Traditionally, surgical myomectomy by a variety of
approaches has been the gold standard to treat symptomatic
myomas in women who desire to preserve fertility [4].
However, abdominal myomectomy by laparotomy is asso-
ciated with a 3% to 4% risk of intraoperative conversion to
hysterectomy; postoperative adhesions are also common
[30,31]. Compared with myomectomy by laparotomy and
minilaparotomy, laparoscopic myomectomy has been asso-
ciated with improved short-term outcomes and a reduced
risk of minor and major complications [32]. However, lapa-
roscopic myomectomy requires that uterine incisions be
sutured, and it can be challenging to remove unfavorably
located myomas because of a lack of sensitive visualization.
These factors may present challenges to less experienced
surgeons. Additionally, patients typically require a 2- to 4-
week recovery period [9]. In contrast, Lap-RFA procedures
do not require uterine suturing, and ablation procedures
can treat a greater number of myomas than myomectomy
[10]. Lap-RFA patients experience less blood loss

compared with patients receiving laparoscopic myomec-
tomy [10,14,33] and have 4- to 9-day average recovery
times [12—14].

Several study strengths and limitations should be noted.
Despite the small number of cases included, patients’ geo-
graphic heterogeneity (United States, Canada, Latin Amer-
ica, and Europe) is indicative of real-world experience.
Likewise, all pregnancies reported to the sponsor between
December 2010 and December 2017 were evaluated, and
patients had a range of myoma types, sizes, and locations.
Because of the retrospective nature of the research, some
data were not collected; in particular, patient ethnicity,
some infant characteristics (Apgar scores, gestational age,
and weight), and whether or not patients had sought prior
fertility treatment. Additionally, pregnancies and/or SABs
after Lap-RFA may be underreported because of patients
transferring care or other issues. Only 1 clinical trial in this
analysis specifically analyzed pregnancy outcomes [17]
because the Lap-RFA device was originally designed and
tested for women who were not attempting to get pregnant.
Lastly, the study population was too small to adjust for con-
founders that could influence conception, such as patient
age, size and location of treated myomas, and the presence
of other gynecologic diseases or disorders.

These findings emphasize the need for large, multivari-
ate, adjusted prospective studies that report pregnancy out-
comes after symptomatic myoma treatment [33]. In 2015,
the Patient-Centered Outcomes Research and the Agency
for Healthcare Research and Quality established a large,
multisite registry to collect and evaluate outcomes data and
inform myoma treatment decision making (www.compare-
uf.org) [4]. The ULTRA registry is currently enrolling up to
200 women after Lap-RFA and following for pregnancy
outcomes (ClinicalTrials.gov Identifier: NCT02100904,
https://fibroids.ucsf.edu/welcome-ultra). Additionally, a
postmarket analysis (TRUST-USA) is being conducted to
compare the safety, outcomes, and economic impact of 3
surgical procedures (Lap-RFA, abdominal or laparoscopic
myomectomy, and uterine artery embolization) for myoma
treatment (ClinicalTrials.gov, NCT02163525).

Conclusion

This study suggests that conception and safe, full-term
pregnancy are achievable after treatment with minimally
invasive percutaneous Lap-RFA. Pregnancy outcomes for
women who have received Lap-RFA to treat symptomatic
myomas (intramural, transmural, submucosal, or subser-
osal) compare favorably with laparoscopic myomectomy.
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