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Abstract

Purpose To evaluate the feasibility of using contrast-en-
hanced ultrasound (CEUS) during uterine artery emboli-
zation (UAE) in order to define the correct end-point of
embolization with complete devascularization of all fib-
roids.

Methods In this prospective study of 10 consecutive
women undergoing UAE, CEUS was performed in the
angiographic suite during embolization. When the angio-
graphic end-point, defined as the ‘‘pruned-tree’’ appear-
ance of the uterine arteries was reached, CEUS was
performed while the angiographic catheters to both uterine
arteries were kept in place. The decision whether or not to
continue the embolization was based on the findings at
CEUS. The results of CEUS were compared with those of
contrast-enhanced magnetic resonance imaging (MRI) 1
day as well as 3 months following UAE.

Results CEUS was successfully performed in all women.
In 4 cases injection of particles was continued based on the
findings at CEUS despite angiographically complete
embolization. CEUS imaging at completion of UAE cor-
related well with the findings at MRI.

Conclusion The use of CEUS during UAE is feasible and
may increase the quality of UAE.
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The clinical success of uterine artery embolization (UAE)
for symptomatic fibroids depends on the complete devas-
cularization of all fibroids [1]. The correlating angiographic
end-point, however, is a matter of subjective interpretation
of angiograms and seems to depend on the type of particles
used [2]. Contrast enhancement in fibroids at MRI studies 1
day and 33 months after UAE seems to predict clinical
outcome. In cases of remnant contrast enhancement in
fibroids after UAE, most investigators advise informing the
patient about the probability of clinical failure and wait for
clinical outcome before repeat UAE.

It has been shown that contrast-enhanced ultrasound
(CEUYS) is a very sensitive technique, capable of demon-
strating even a low degree of perfusion [3-5] The use of
CEUS during UAE has been described by Marret et al. in a
case report published in 2004 [6].

The aim of our pilot study was to determine whether the
use of CEUS is feasible during UAE and whether the
additional information obtained by CEUS could possibly
secure complete devascularization of fibroids before com-
pletion of the embolization procedure.

Materials and Methods

Ten women with symptomatic fibroids, scheduled for
UAE, were consecutively included in this prospective
study; their mean age was 38.7 years (range 27-51 years).
Five patients had previously undergone surgical treatment:
myomectomy in 4 patients and cesarean section in 1. All
patients suffered from either metrorrhagia, urinary fre-
quency, pelvic pain, or a combination of symptoms.
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MRI studies using a 1.5 T unit (Magnetom Vision Plus,
Siemens, Erlangen, Germany) were performed before the
procedure as well as 1 day and 3 months after the proce-
dure. Each examination included sagittal and axial T2-
weighted turbo spin-echo (TSE) images as well as sagittal
contrast-enhanced fat-suppressed T1-weighted images. For
contrast enhancement, 0.1 mmol/kg body weight gado-
pentetate dimeglumine (Magnevist, Schering, Berlin, Ger-
many) was injected intravenously. Six women had fewer
than 5 fibroids, 3 women had 6-10 fibroids, and 1 woman
had more than 10 fibroids.

Immediately prior to embolization, a transabdominal
ultrasound examination was performed using an Acuson
Sequoia 512 system (Siemens, Erlangen, Germany) with a
4Cl1 curved-array probe. We registered whether or not the
entire uterus was visible.

For evaluation of fibroid vascularization 2.4 ml of
ultrasound contrast agent (SonoVue, Bracco, Milano, Italy)
were administered intravenously followed by a flush of 5
ml saline solution. The contrast studies were carried out
using contrast-specific software (Cadence) with low
mechanical index and pulse inversion technique. The
contrast studies were stored as multiple video clips, each of
10 sec duration, for a total of at least 2 min after the
injection of contrast medium. During the intraprocedural
ultrasound examinations particular attention was paid to
scanning the whole uterus during the arterial phase of
contrast enhancement in order to depict any residual arte-
rial flow in the fibroids. The intraprocedural ultrasound
video clips were evaluated by visual assessment of fibroid
tissue contrast enhancement after ultrasound contrast agent
(USCA) injection.

In 9 patients, embolization was carried out by bilateral
access with 4 Fr introducers; in the first patient only a
unilateral femoral access was used. In all patients bilateral
embolization of the uterine arteries was carried out using
microcatheters. In 1 patient there was collateral blood
supply to the fibroids from an ovarian artery which, how-
ever, was too small for selective catheterization and
embolization. The embolic agent used was microspheres
sized between 500 and 900 pm (Embosphere microspheres,
Biosphere Medical, Roissy, France), injected simulta-
neously on both sides. The angiographic end-point was
occlusion of the perifibroid arterial plexus with preserva-
tion of slow, antegrade flow in the uterine artery as de-
scribed by Pelage et al. [7] (‘‘pruned-tree’’ appearance)
[8]. Whenever angiography indicated a potential end-point
for injection of particles, a repeat angiography was per-
formed after a 10 min delay, followed by a CEUS exam-
ination.

When the angiographic end-point was reached, we re-
peated the CEUS examination without removing the
angiographic catheters. If there was complete lack of

contrast enhancement of fibroids at CEUS, the procedure
was ended. If there was any remnant contrast enhancement
in fibroids at CEUS, and angiography still showed ante-
grade flow in the uterine arteries, we continued injection of
particles. If there was remnant contrast enhancement in
fibroids but complete cessation of flow in the uterine
arteries, aortography was performed to depict any collat-
erals from the ovarian arteries. If these were present and
accessible for embolization, the procedure was continued
by either superselective distal catheterization and emboli-
zation of the ovarian arteries, or injection of larger particles
(900-1200 pm) with the catheter placed in the trunk of the
ovarian arteries.

If further embolization was performed, CEUS examin-
ations were repeated until cessation of fibroid enhancement
or until embolization was no longer technically possible.
Again, a delay of 10 min between the last injection of
particles and potentially final imaging by angiography and
CEUS was observed.

Postprocedural MRI studies were reviewed with special
attention to remnant contrast enhancement in fibroid tissue.
The study design did not include any masking and the
results of CEUS were accessible to the radiologists
assessing the MRI examinations. The results of the MRI
studies were compared with the final CEUS examination.

The study was approved by the regional ethics com-
mittee and all patients signed written informed consent.

Results

In all patients, the enlarged uterus was clearly visible by
transabdominal ultrasound, and CEUS was successfully
performed before and immediately after embolization.
There was early contrast enhancement in fibroids prior to
UAE in all cases.

Technically successful embolization, defined as bilateral
embolization of uterine arteries, was achieved in all pa-
tients. Based on the results of CEUS the embolization was
continued in 4 patients in spite of the fact that the angio-
graphic end-point had already been reached. In 2 patients
further embolization was carried out once and in 2 other
patients twice toward near stasis in the uterine arteries. In 6
patients the procedure was ended after the first ultrasound
examination (Table 1).

Based on a review of the series we retrospectively
classified four different types of imaging outcome: type 1
denotes complete absence of contrast enhancement in fib-
roids (Fig. 1), type 2 indicates contrast enhancement in a
segment- or a sector-like part of dominant fibroids (Fig. 2),
and type 3 refers to contrast enhancement in a peripheral
rim of fibroid tissue surrounding an ischemic center
(Fig. 3). In cases of multiple fibroids incomplete emboli-
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Table 1 Individual listing per patient of the number of fibroids, how often the end-point was adjusted due to the CEUS findings, and

devascularization success as judged by CEUS and MRI

Patient no. No. of UAE end-point adjusted Complete devascularization of fibroids at: Comments
dominant  based on CEUS findings
fibroids (no. of times) CEUS* MRI
1 2 Yes (2) Yes Yes
2 >10 No Yes No® Collaterals from ovarian artery
3 1 Yes (1) Yes Yes
4 No Yes Yes
5 Yes (1) No No Misinterpretation at CEUS, see text
6 5-10 Yes (1) No No Collaterals from ovarian artery
7 No Yes Yes
8 No Yes Yes
9 No Yes Yes
10 5-10 No Yes Yes

? Findings at the last CEUS during the procedure

° MRI 1 day after the procedure suggested complete devascularization; at 3 months follow-up only partial devascularization was seen

Fig. 1 A, B. Type 1 outcome.
Complete lack of contrast
enhancement in a large fibroid
A at CEUS immediately after
UAE and B at MRI 1 day after
embolization

zation can result in complete devascularization of some
fibroids while others show unchanged contrast enhance-
ment (Fig. 4). This mosaic pattern was defined as type 4
outcome.

In 7 of the 10 patients final CEUS suggested complete
devascularization of fibroids.

One of these was patient 2, with multiple myomas
(patient 2, Table 1), who previously had undergone
myomectomy. Angiography showed collaterals from the
right ovarian artery. CEUS immediately after UAE was
technically difficult because of the multiplicity of fibroids,
but the findings were interpreted as complete devascular-
ization of all fibroids.

In patient 5 (Table 1) the end-point of UAE was ad-
justed twice based on the finding at CEUS. At final CEUS
findings were misinterpreted as completely devascularized
fibroid surrounded by myometrium. Retrospectively, there
was a rim of contrast-enhancing fibroid tissue and only
central devascularization of the largest fibroid (type 3
outcome, Fig. 3A).

@ Springer

The sixth patient in our series was referred to UAE
several years after myomectomy. Because of collaterals
from a small ovarian artery, we were technically unable to
obtain complete embolization of all fibroids. This was
correctly predicted by CEUS at the end of the procedure
(type 4 outcome, Fig. 4).

Postprocedural MRI confirmed complete devascular-
ization of all fibroids in 7 of 10 patients both on 1 day
and 3 months following UAE. In patient 2, MRI on the
day after UAE suggested complete embolization; how-
ever, there was poor differentiation between fibroids and
myometrium. At 3 months, MRI clearly showed enhanc-
ing fibroids mainly located dorsally on the right side of
the uterus (Fig. 4), but there was marked volume reduc-
tion of the uterus and the patient had complete relief of
symptoms.

In patient 5, who had a fibroid with central necrosis and
a vascularized outer rim at completion of UAE (Fig. 3A),
MRI at 3 months follow-up showed an increased size of the
viable part of the fibroid (Fig. 3B).
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Fig. 2 Type 2 outcome. Incomplete devascularization of large fibroid
shown as contrast enhancement in a posterior segment of the fibroid
(arrow)

Discussion

Former studies have shown that the end-point of the
angiographic procedure is crucial to the clinical success of
UAE [1, 8]. Embolization that is too aggressive can lead to
endometritis, possibly necessitating hysterectomy, and in-
creases the risk of unintended embolization of other organs.
If the embolization is incomplete and there remains partial
vascularization of fibroids, the patient is at risk of having a
poor clinical outcome due to regrowth of the fibroids.
Even when UAE is performed by experienced inter-
ventional radiologists, follow-up MRI examinations may
show incomplete devascularization of fibroids in up to 20%

Fig. 3 Type 3 outcome. A
CEUS shows a contrast-
enhancing rim surrounding a
low-echogenic center. High-
echogenic spots in the centre are
artifacts from air bubbles; these
could also be seen prior to
intravenous administration of
contrast medium. B MRI 3
months post-embolization
shows an increased size of the
vascularized zone

of cases [1, 9, 10]. This can be due to either technical or
anatomic reasons. Fluoroscopy is not perfect when it comes
to detecting a low concentration of contrast medium.
Establishing the correct end-point by angiography alone is
technically challenging. Suggested end-points such as the
“‘pruned-tree’’ appearance or ‘‘sluggish forward flow in
the uterine artery’’, where 2 ml of injected contrast mate-
rial can be observed during five heart beats [8], leave room
for subjective interpretation. In addition, there is a need for
different angiographic end-points when using different
embolic agents, as shown by Spies et al. and Golzarian
et al. when using spherical polyvinyl-alcohol particles [2,
11].

MRI with contrast-enhanced series is considered the
gold standard for evaluation of the degree of devascular-
ization after UAE. However, it can not be performed dur-
ing the procedure and does not allow immediate adjustment
of the end-point of embolization.

Blood supply to the fibroids from the ovarian arteries is
a well-described reason for UAE failure [12, 14]. Anasto-
moses of the uterine and ovarian arteries are present in up
to 45% of women undergoing UAE [15], and Razavi et al.
found independent blood supply from the ovarian artery
directly to fibroids in 6.6% of 76 patients [16]. Previous
surgery increases the incidence of significant collaterals
and may have contributed to a relatively high rate of only
partial devascularization in our series.

In 3 of our patients (30%) we were not able to achieve
complete devascularization of all fibroids. In 2 cases this
was due to ovarian collaterals.

Because of concerns regarding radiation dose, we do not
routinely perform aortography for the detection of collat-
erals from the ovarian arteries. USCA injected intrave-
nously will reach the uterus by whichever collateral there
might be, while the X-ray contrast medium arrives only
through the specific artery being catheterized. In 2 patients
with collateral blood supply to the fibroids, MRI revealed
incomplete devascularization after 3 months. This was
correctly predicted by CEUS during the procedure in 1
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Fig. 4 Type 4 outcome. MRI 3 months post-embolization in a patient
with multiple fibroids. There is complete devascularization of fibroids
in the uterine fundus (arrowhead) and preserved vascularization of
fibroids in the lower part of the uterine body (arrows). At UAE, CEUS
confirmed incomplete embolization due to a patent ovarian artery

patient. In the second patient, both CEUS during UAE and
MRI the following day suggested complete devascular-
ization. Due to a multiplicity of fibroids, interpretation of
the early examinations was difficult in both modalities, and
there was no clear benefit of early MRI as compared with
CEUS.

In our series we wanted to prospectively evaluate the
feasibility of CEUS during UAE and to compare CEUS
with early postprocedural MRI. We did not systematically
compare different angiographic end-points with the degree
of remaining contrast enhancement in fibroids on CEUS,
and our study does not provide a valid comparison between
postprocedural CEUS and MRI. However, although the
study was not masked and the number of patients was
small, the correlation between postprocedural CEUS and
MRI was good. The technique could be successfully per-
formed in all patients and had an impact on the end-point
of the procedure in 4 of 10 patients. This fact, however,
reveals that our study design had an important bias, as we
continued embolization in these 4 patients solely on the
basis of the findings at CEUS. A good correlation between
MRI and CEUS was assumed, but has not yet been proven
for uterine fibroids.

There certainly is a learning curve in using CEUS during
UAE, as demonstrated by the case where the CEUS
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findings were misinterpreted. This case, with an unusual
type of remnant, circular contrast enhancement, initiated
our classification of imaging outcome after UAE. A pos-
sible correlation between the type of imaging outcome and
clinical response remains to be investigated.

In our opinion there are several interesting potential
applications for the use of CEUS during UAE in the future.
First, CEUS can be used by interventionists learning to
perform UAE. In the early years after its introduction, UAE
was performed mainly in centers experienced in arterial
embolization procedures. As UAE becomes more widely
available, less experienced interventionists will start per-
forming it, and the use of CEUS during UAE might
facilitate assessment of the degree of devascularization
achieved. Further, CEUS could serve as a tool in research,
for example in the introduction of new embolic agents.
Finally, one might even propose the routine use of CEUS
during UAE. We believe that CEUS can reliably detect
collateral flow from the ovarian arteries and probably de-
creases the need for additional angiograms. Thus, both the
radiation dose and the amount of contrast medium needed
can be reduced. In addition, it may increase the quality of
UAE by reducing the probability of partial devasculariza-
tion.

Contrast-enhanced ultrasound is a feasible technique
during UAE. The findings at CEUS can serve to adjust the
end-point of embolization and seem to correlate well with
postprocedural MRI. The technique may decrease the risk
of clinical failure, the need for reinterventions, and the
radiation dose. However, further studies are needed to re-
veal clinical benefit.
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