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Abstract

Four patients with symptomatic uterine fibroids measuring less
than 6 cm underwent laparoscopic ultrasound-guided radiofre-
quency ablation (RFA) using multiprobe-array electrodes. Follow-
up of the treated fibroids was performed with gadolinium-enhanced
magnetic resonance imaging (MRI) and patients� symptoms were
assessed by telephone interviews. The procedure was initially
technically successful in 3 of the 4 patients and MRI studies at 1
month demonstrated complete fibroid ablation. Symptom
improvement, including a decrease in menstrual bleeding and pain,
was achieved in 2 patients at 3 months. At 7 months, 1 of these 2
patients experienced symptom worsening which correlated with
recurrent fibroid on MRI. The third, initially technically success-
fully treated patient did not experience any symptom relief after the
procedure and was ultimately diagnosed with adenomyosis. Our
preliminary results suggest that RFA is a technically feasible
treatment for symptomatic uterine fibroids in appropriately se-
lected patients.
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Uterine fibroids affect up to 65% of women by the time of men-
opause, and are associated with disabling symptoms including
abnormal bleeding, pain, and infertility [1]. For women who do not
desire further pregnancies, the established treatment is abdominal
hysterectomy. Although relief of symptoms can be expected in 85–
90% of women, abdominal hysterectomy generally involves a
hospital stay of 3–5 days and a recovery time of several weeks.
Fifteen percent of women experience significant morbidity [2].
Recently, less invasive alternatives to hysterectomy have been
introduced, including laparoscopic myomectomy, laparoscopic-
directed thermal ablation, cryotherapy, and uterine fibroid embo-
lization (UFE), with post-treatment satisfaction rates of up to 96%
[for review, see 3].

Laparoscopic-guided radiofrequency ablation (RFA) of the
fibroids has been performed with both monopolar and bipolar
single electrocautery needles since the early 1990s [1]. Newer RFA
probes with multiple hooked arrays have been increasingly used by
interventional radiologists to ablate larger areas than are possible
with conventional radiofrequency single-needle electrodes. In an
in vivo porcine liver model, LeVeen achieved spherical regions of
coagulation necrosis measuring 3.5 cm using a 12-hook array ra-
diofrequency electrode [4]. Multiprobe-array RFA is well tolerated
in patients with liver, lung, kidney, and bone tumors, with local
tumor control in up 95% [5, 6]. We present our initial experience
with laparoscopic-guided RFA using LeVeen Needle Electrodes
(Boston Scientific, Natick, MA) to evaluate the role of RFA for
treatment of small, symptomatic uterine fibroids.

Case Report
Four women with symptomatic uterine fibroids (menorrhagia 100%, dys-
menorrhea 100%) were included in a prospective study. Institutional Re-
view Board approval was obtained. The patients ranged in age from 31 to
47 years (mean 41 years). The exclusion criteria were: (1) inability to
undergo laparoscopy, (2) desire to maintain future fertility, (3) more than
five fibroid tumors, (4) fibroids greater than 6 cm in diameter, and (5)
clinical suspicion of uterine or ovarian malignancy. Fibroid tumor size,
location, and number were confirmed with ultrasound 1 month prior to the
RFA procedure. The patients completed a self-administered questionnaire
assessing symptoms (pain and bleeding) and quality of life prior to the
procedure using a quantitative scale [1–10]. This questionnaire has been
used at our institution previously to evaluate symptoms in patients under-
going UFE.

Laparoscopic surgery was performed by gynecologists with the patient
under general anesthesia, and RFA was performed by interventional radi-
ologists. Multiprobe-array, 15 cm long LeVeen Needle Electrodes (Boston
Scientific, Natick, MA) were used for fibroid ablation. Probes of 2–4 cm
diameter were chosen according to fibroid size. Multiple RFA probe
positions were necessary for complete fibroid ablation when the fibroid size
exceeded the maximum available RFA electrode diameter. The RF 3000
generator system (Boston Scientific, Natick, MA) was used to perform
ablations according to the manufacturer�s suggested standard soft-tissue
algorithm. Briefly, the RFA electrode was inserted into the fibroid and the
tines were deployed in the lesion under laparoscopic ultrasound guidance.Correspondence to: Murray R. Asch; email: masch@lakeridgehealth.on.ca
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Two heating cycles were used for each probe position. The maximum
power used ranged from 50 to 180 W (mean 93.1 W). An abrupt rise in the
impedance, or the ‘‘roll-off,’’ determined the completion of the heating
cycle. The mean duration of a single heating cycle was 4.4 min (range 1.1–
11.1 min). A rapid echogenic effect representing microbubbles was dem-
onstrated by laparoscopic ultrasound throughout the area of the fibroid. The
electrode was removed from the uterus while the RF current was still being
applied, in order to cauterize the tract and minimize the risk of bleeding.

Postoperatively, the patients were observed for 6 hr and discharged
home the same day. Pain was assessed prior to discharge on a scale of 1 to
10 and nonsteroidal anti-inflammatory drugs (NSAIDs) or opioid medica-
tion prescribed accordingly. Follow-up consisted of both gadolinium-en-
hanced MRI and telephone interviews to assess patient symptoms. MRI was
performed at 1–3 months after the procedure and again at 6 months fol-
lowing fibroid ablation. Telephone interviews were conducted at 2 weeks
after the procedure and after the follow-up MRI examination to evaluate
patient pain, bleeding, and quality of life.

Ultrasound examination prior to the RFA procedure identified multiple
fibroids in 2 patients and a single fibroid in the remaining 2 patients, giving
a total of 9 fibroids. When multiple fibroids were present, a single fibroid
was selected for RFA on the basis of its location (submucosal) and/or size.
Four fibroids (1 intramural, 3 submucosal) ranging from 1.3 to 4.9 cm
(average 3.2 cm) in maximum diameter were targeted for RFA (Table 1).

In 3 patients, the laparoscopic-guided fibroid RFA was initially tech-
nically successful. In the fourth patient (patient 4), it was not possible to
position the electrode into the lower uterine segment, posterior submucosal
fibroid because the firmness and mobility of the uterine and fibroid tissue
resulted in bending of the electrode tip. The patient was treated with hys-
terectomy at a later date.

All patients were discharged home within 6 hr following the RFA
procedure. No major complications were encountered, but severe pain was
reported by all patients in the first 2 days after the procedure, ranging from
7 to 9 on a 10-point pain scale (mean score 8/10). Patients required anal-
gesia for 5–10 days (mean 7 days) and returned to work in 4–14 days (mean
7.7 days).

Symptom improvement was achieved in 2 of 3 women following fibroid
ablation. At 3 months after the procedure, menstrual bleeding in the first
patient decreased from 15 days to 4 days in duration, and from 10 pads/day
to 3 pads/day. In the second patient bleeding decreased from 20 days to 12
days in duration and she required 10 pads/day compared with 30 pads/day
prior to the procedure. Pain decreased from 6/10 to 1/10 in the first patient
and from 10/10 to 6/10 in the second patient, enabling them to continue
working. These patients reported improved quality of life, and overall
satisfaction with the procedure. In the patient (patient 3) who did not obtain
symptomatic pain relief following RFA, diffuse adenomyosis was identified
on the 3 month follow-up MRI examination. This patient subsequently
underwent a hysterectomy 5 months after RFA. The hysterectomy specimen
demonstrated a small 6 mm necrotic nodule with a surrounding scar in the
treated submucosal area of the uterus (Fig. 1). There was no fibroid tissue
visualized adjacent to the necrotic nodule.

The 3-month follow-up MRI examination demonstrated lack of fi-
broid tissue enhancement in all of the 3 treated patients, suggesting
initial successful ablation (Fig. 2A). There was also evidence of fibroid
infarction demonstrated by high signal on T1-weighted images (Fig. 2B).
At 7 months, a new 1.2 cm focus of enhancement was demonstrated
within the treated fibroid in 1 patient (patient 2). This represents either
recurrence of a new myoma or interval growth of microscopic residual
viable tissue not appreciated on the initial 3 month follow-up MRI
examination (Fig. 2C). The patient experienced increased menstrual
bleeding and pain at 9 months after the procedure compared with the 3
month follow-up.

Discussion

RFA of uterine fibroids with multiprobe-array RF electrodes has
not been reported in the literature to date. Of 4 patients who en-T

ab
le

1.
C
ha
ra
ct
er
is
ti
cs
of
pa
ti
en
ts
un
de
rg
oi
ng
R
F
A
fo
r
tr
ea
tm
en
t
of
sy
m
pt
om
at
ic
fi
br
oi
ds

P
at
ie
nt

no
.

T
re
at
ed
fi
br
oi
d

lo
ca
ti
on

N
o.
of
su
cc
es
sf
ul
ly

tr
ea
te
d
fi
br
oi
ds

T
re
at
ed
fi
br
oi
d

m
ax
im
um
di
am
et
er
(c
m
)

R
F
A
pr
ob
e

si
ze
(c
m
)

N
o.
of

pr
ob
e
po
si
ti
on
s

F
ol
lo
w
-u
p

M
R
I

C
li
ni
ca
l
ou
tc
om
e

1
In
tr
am
ur
al
po
st
er
ol
at
er
al

1
2.
1

3.
5

1
N
o
en
ha
nc
em
en
t

S
ig
ni
fi
ca
nt
de
cr
ea
se
in
sy
m
pt
om
s

2
S
ub
m
uc
os
al
ce
nt
ra
l

1
4.
7

4.
0

2
N
o
en
ha
nc
em
en
t
at
3
m
on
th
s;

N
ew
1.
2
cm
fo
cu
s
of
en
ha
nc
em
en
t

at
7
m
on
th
s
w
it
h
ov
er
al
l
de
cr
ea
se

in
fi
br
oi
d
si
ze

M
od
er
at
e
de
cr
ea
se
in
sy
m
pt
om
s
at

3
m
on
th
s,
gr
ad
ua
l
w
or
se
ni
ng
of

sy
m
pt
om
s
at
9
m
on
th
s

3
S
ub
m
uc
os
al
ce
nt
ra
l

1
1.
3

2.
0

1
N
o
en
ha
nc
em
en
t
of
tr
ea
te
d
le
si
on

T
w
o
re
si
du
al
fi
br
oi
ds
A
de
no
m
yo
si
s

H
ys
te
re
ct
om
y

4
S
ub
m
uc
os
al
po
st
er
o-
in
fe
ri
or

0
4.
9

4.
0

1
N
/A

H
ys
te
re
ct
om
y

R
F
A
¼
ra
di
o
fr
eq
ue
nc
y
ab
la
ti
on
;
M
R
I
¼
M
ag
ne
ti
c
re
so
na
nc
e
im
ag
in
g

A. Milic et al.: RFA of Uterine Fibroids 695



tered the study, only 1 achieved symptom relief at 3 months. Al-
though the treatment outcome was successful in only 1 patient, our
data provide valuable information which may help guide the
management of uterine fibroids and the design of future fibroid
RFA studies.
RFA may be most beneficial to patients with small fibroids.

Therefore, careful patient selection is needed prior to fibroid abla-
tion. Only patient 1with a small fibroid achieved full symptom relief.
Patient 2 with the largest fibroid lesion in this series required two
probe positions and developed fibroid recurrence at 7 months. It has
been shown that recurrence rates for liver lesions are higher for larger

lesions, primarily because multiple probe positions are required for
complete ablation [7]. The echogenic microbubble artifact created
by the first heating cycle obscures the lesion, making probe reposi-
tioning under ultrasound guidance more difficult.
Patient preselection should enable exclusion of patients with

multiple fibroids. It is difficult to predict which of the multiple
fibroids in a particular patient is the most symptomatic and
therefore should be targeted for RFA. Patients with multiple fib-
roids should be referred for another procedure, such as UFE.
Our data demonstrate that fibroids in a posterior location are

difficult to access with current RFA probes, and may be best

Fig. 1A–C. Hysterectomy specimen in a 41-year-

old woman (patient 3) with adenomyosis following

RFA treatment of a submucosal fibroid. A Gross
hysterectomy specimen demonstrating a necrotic

nodule (arrow) at the endometrial surface (white

asterisk) representing the radiofrequency-treated

area. An additional, nontreated fibroid can be seen
in the uterine wall (black asterisk). Diffuse

adenomyosis of the myometrium is present.

B A section through the necrotic nodule
(arrowhead) demonstrating its proximity to the

endometrial cavity and the surrounding stellate scar

(arrow). C Hematoxylin and eosin stain adjacent to

the endometrial cavity (asterisk) demonstrating
necrotic smooth muscle cells (upper arrow) and

scarring depicted by fibroblasts and scanty

inflammatory cells (lower arrow).
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treated with an alternate procedure. The firmness of the fibroid
tissue and the difficulty of stabilizing the uterus prevented precise
electrode placement in patient 4 with a low, posterior fibroid. Other
authors reported difficulty accessing posterior fibroids by bipolar
electrodes [8] or laser fibers [9].
Preprocedural MRI should be performed for fibroid mapping,

exclusion of other potential pelvic pathology contributing to a
patient�s symptoms, and for baseline comparison against postpro-
cedural MRI. We used ultrasound to document fibroid location and

size prior to RFA because MRI was not readily available at our
institution for the purpose of preprocedural planning in patients
with fibroids. In patient 3 adenomyosis was not detected prior to
RFA. Had preprocedural MRI been performed instead, this patient
would have been excluded from our study and unnecessary surgery
would have been prevented. MRI has a high accuracy in differ-
entiating between fibroids and other uterine diseases such as ade-
nomyosis [10], and has been shown to have an important role in
preprocedural planning for UFE [11].

Fig. 2A–C. A 31-year-old woman (patient 2) with fibroid recurrence

at 7 months after RFA. The fibroid is marked (asterisk) on each im-

age. A Sagittal T1-weighted contrast-enhanced gradient-echo MR

image demonstrating complete infarction of the fibroid at 1 month. B

Sagittal T1-weighted contrast-enhanced gradient-echo MR image 7

months following RFA demonstrating a decrease in the central

nonenhancing zone, and a new enhancing area posteriorly within the
fibroid (arrow). C Axial T1-weighted MR image at 1 month demon-

strating a rim of high T1 signal surrounding the periphery of the

treated fibroid.
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The MRI appearance of fibroids following ablation with ra-
diofrequency electrodes has not been previously described. We
showed that treated fibroids lack enhancement and a high T1 signal
remains even at 7 months after RFA. These findings are consistent
with the fibroid appearance after uterine artery embolization [10],
and correlate with areas of infarction [12].
RFA was performed as an outpatient procedure and the pa-

tients returned to work within several days, demonstrating an
advantage over hysterectomy and myomectomy which are asso-
ciated with higher morbidity, longer hospital stays, and longer
recovery time [2]. In addition, laparoscopic ultrasound-guided
RFA offers precise targeting of abnormal fibroid tissue. Potential
complications following fibroid RFA include bleeding, infection,
visceral injury, and grounding pad burns [13], but none of these
were encountered in our patients. We attempted to reduce the risk
of bleeding by applying the RF current while withdrawing the
electrode from the uterus to cauterize the tract, as described by
other groups [13].
In conclusion, RFA of symptomatic uterine fibroids using

multiprobe-array electrodes appears to be technically feasible for
small, anterior, and fundal fibroids. Further prospective studies
currently in progress with a larger, select patient population will
provide reliable data on the safety and efficacy of RFA with
multiprobe-array electrodes.
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