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Predicting the results of uterine artery embolization: correlation between initial
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Abstract

Introduction and objective: Uterine artery embolization (UAE) is a minimally invasive treatment option
for symptomatic fibroids. Long-term follow-up studies have shown that at five-year follow-up after UAE, up to
30% of patients required a hysterectomy. Therefore, it seems of utmost importance to identify patients, who
are unlikely to benefit from UAE. It has been postulated that the percentage volume reduction of fibroids may
predict long-term UAE outcome. The results of available studies are equivocal, therefore it seemed of interest
to investigate the correlation between the preinterventional intramural fibroid volume and imaging outcome of

UAE in premenopausal patients.

Material and methods: Uterine artery embolization was performed in 65 premenopausal patients with
symptomatic, intramural fibroids. Dominant fibroid volume was assessed using an integrated VOCAL (Virtual
Organ Computer-aided Analysis) imaging program at baseline and 3 months after UAE. The percentage reduc-
tion of fibroid volume was calculated. The association between preinterventional fibroid volumes and percent-
age volume reductions was determined with the Spearman rank correlation test.

Results: Before UAE, the median dominant fibroid volume was 101 cm? (range 23.6-610). At three-month
follow-up the median dominant leiomyoma volume decreased to 50.4 cm? (range 6.9-193.9). Median percent-
age reduction of fibroid volume three months after UAE was calculated at 50.1% (range 2.7-93.5). The Spear-
man correlation test between the preinterventional dominant fibroid volume and percentage volume reduction
showed a statistically significant, positive correlation (R = 0.33; p = 0.006).

Conclusions: The percentage volume reduction of intramural leiomyomas after UAE seems to be more pro-

nounced in the case of larger tumors.
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Introduction

Uterine fibroids are benign, smooth muscle cells tu-
mor of the uterus. Fibroids occur in 20-40% of women
of reproductive age, being the most common female
benign tumors. Their incidence increases with age and
may be as high as 70% by the age of 50, and then de-
clines after the menopause. Risk factors include family
history, nulliparity, early menarche, obesity and hyper-
tension. On the other hand, menopause, increasing par-
ity and smoking reduce the risk. Ethnicity also seems
to play a role in the pathogenesis of fibroids — the inci-
dence is the highest among African-American women.
Biochemical and epidemiological evidence points to the
involvement of a genetic element [1].

The majority of fibroids are asymptomatic and re-
quire no treatment. Such fibroids are an incidental
finding during gynecological or ultrasound examina-
tion and routine monitoring is sufficient. However, the

presence of uterine fibroids may lead to significant
clinical symptoms. The symptoms may be associated
with menstruation (heavy menstrual bleeding and pain-
ful menstruation) or with local pressure effects (pelvic
pain, urinary frequency or urgency, constipation). Fibro-
ids may also be responsible for subfertility and early
pregnancy loss [2].

The cost of uterine fibroid tumor treatment is a ma-
jor economical problem. Uterine fibroids were estimat-
ed to cost the United States up to a total of 34.4 billion
USD annually. Interestingly, the estimated direct costs
(medications, surgery, hospital admissions, medica-
tions) are much lower than estimated lost work-hour
costs (9.4 vs. 17.2 billion USD annually) [3]. This jus-
tifies the use of minimally invasive treatment options,
which besides clinical benefits for the patients, may de-
crease the amount of work time lost.

The mainstay of treatment of symptomatic uterine
fibroids is myomectomy or hysterectomy performed by
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laparotomy. However, alternative less-invasive tech-
nigues are also available. Since fibroids are estrogen-
and progesterone-dependent tumors, pharmacological
treatment can be considered. GnRH-agonists reduce
the volume and symptoms of fibroids, but due to signif-
icant side effects are unsuitable for long-term use. Oth-
er pharmacological treatment options include mifepris-
tone (a progesterone receptor antagonist) and selective
progesterone receptor modulators, such as ulipristal
acetate [4]. Minimally invasive management includes
uterine artery embolization, percutaneous laser abla-
tion, cryoablation, transvaginal uterine artery occlusion
and magnetic resonance imaging-guided focused ultra-
sound. Of the above, undoubtedly the most significant
innovation in the treatment of uterine fibroids is uter-
ine artery embolization (UAE) [5].

Uterine artery embolization for the treatment of fi-
broid-related menorrhagia was first introduced in 1995
[6]. During UAE an angiographic catheter is positioned
by an interventional radiologist through the common
femoral artery into bilateral uterine arteries. The pro-
cedure is X-ray guided. Finally, embolic material (polyvi-
nyl alcohol particles or tris-acryl gelatin microspheres)
is administered into both uterine arteries to occlude
them. The block or significant reduction in blood flow at
the arteriolar level leads to irreversible ischemic injury
of fibroid cells. As a result, necrosis occurs in the tumor,
while normal myometrium is able to recover [7].

In comparison to surgical management, UAE is as-
sociated with shorter hospitalization and quicker re-
turn to work. Complication rates of UAE are low. These
complications include post embolization syndrome
(pain, nausea, vomiting and fever), persistent vaginal
discharge, premature ovarian failure, vaginal expul-
sion of an infarcted fibroid, intrauterine infection, sep-
sis and death. Most of the observed complications are
minor and occur during the first three months after
UAE [8].

The most important outcomes of UAE are patient
satisfaction, the reduction of symptoms and improve-
ment of quality of life. The reported rates of satisfaction
vary from 87% to 97%. The rates of symptom control
range from 84% to 97% at 1 year after UAE and 73%
to 89% at 5 years. Validated uterine fibroid symptom
and quality of life questionnaires revealed significant
improvements in fibroid symptoms and quality of life
measures at up to 3 years after UAE [5].

Besides subjective patient measures, the outcome
of UAE can be assessed objectively. The randomized
Emmy trial showed a hysterectomy rate of 28.4% at
5 years after UAE [9]. These results show that it is ex-
tremely important to identify patients, who are unlikely
to benefit from UAE and not to offer them this treat-
ment option.

It has also been postulated that the percentage vol-
ume reduction in fibroids may predict long-term UAE
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outcome [10]. Some authors investigated the correla-
tion between initial fibroid volume and its percentage
reduction, however conflicting results were reported
[11-13].

Objective

To evaluate the decrease in uterine fibroids volumes
after UAE and its correlation with the initial volume of
fibroids.

Material and methods
Patients

Premenopausal patients with symptomatic, intra-
mural uterine fibroids qualified for UAE were included
in the study. Diagnosis of uterine fibroids was estab-
lished by history, clinical gynecological examination and
transvaginal ultrasound. The patients were qualified
for UAE according to the Society of Obstetricians and
Gynaecologists of Canada Guidelines [14]. All patients
underwent an ultrasound assessment of the domi-
nant fibroid volume before and 3 months after UAE.
Additionally, before UAE all patients underwent pelvic
MRI to exclude concomitant pathologies that could be
a contraindication for UAE.

Informed consent was obtained from each patient.
The experimental protocol was accepted by a local bio-
ethics committee.

Uterine artery embolization

Before UAE the patients were given prophylactic
antibiotics (intravenous and intravaginal) and rectal di-
clofenac. Uterine artery embolization was performed by
an interventional radiologist (Department of Interven-
tional Radiology and Neuroradiology, Medical University,
Lublin, Poland) through a single femoral artery puncture
and bilateral catheterization of the uterine arteries with
4F catheters. Polyvinyl alcohol particles were adminis-
tered until a complete stasis of contrast in both uterine
arteries was observed. Pain was managed with PCA (pa-
tient controlled analgesia) morphine releasing pumps.
Only patients with successful, bilateral embolization of
the uterine arteries were qualified for the study.

Transvaginal ultrasound assessment of fibroids

All ultrasound examinations were performed by ex-
perienced sonographers on a Medison V20 Prestige ul-
trasound system equipped with a transvaginal volume
transducer. The location of fibroids was determined
on the basis of the location of the center of the tumor.
The volume of the dominant fibroid was estimated using
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an integrated VOCAL (Virtual Organ Computer-aided
Analysis) imaging program. First a sagittal section in
2D grayscale mode was visualized and a 3D volume of
the dominant fibroid was obtained. Then, starting from
the sagittal view, the VOCAL program was used to de-
fine 6 consecutive planes (rotation step set at 30°) of
the fibroid. In each plane a manual contour of the fi-
broid was drawn and the volume of the fibroid in cubic
centimeters (cm?) was obtained. Each patient under-
went 2 ultrasound evaluations — before and 3 months
after the procedure. Percentage reduction in fibroid
volume was calculated. The association between pre-
interventional fibroid volumes and percentage fibroid
volume reductions was determined with the Spearman
rank correlation test. P-values < 0.05 were considered
statistically significant.

Results

Sixty five patients with symptomatic, intramural
uterine fibroids qualified for UAE were included in the
study. All patients were premenopausal, the mean age
was 43.1 + 5.1 SD (range from 29 to 52 years). Before
UAE, the median dominant fibroid volume was 101 cm?
(range 23.6-610). At the three-month follow-up the me-
dian dominant fibroid volume decreased to 50.4 cm?
(range 6.9-193.9) (Fig. 1). Median percentage reduction
in fibroid volume three months after UAE was calcu-
lated at 50.1% (range 2.7-93.5). The Spearman correla-
tion test between the initial dominant fibroid volume
and percentage volume reduction showed a statisti-
cally significant, but relatively weak, positive correlation
(R = 0.33; p = 0.006) (Fig. 2). Interestingly, smaller fibro-
ids showed a great variability of fibroid volume reduc-
tion at 3 months after UAE, while larger fibroids showed
a stable, predictable reaction to UAE (Fig. 2).

Discussion

In this study we performed an exploratory data
analysis to determine the association between initial
fibroid volume and fibroid volume reduction after UAE.

Our results show that uterine artery embolization
results in an overall 50.1% reduction of fibroid volume
at 3-month follow-up. This result is consistent with the
findings reported in the literature [2, 12, 13, 15-18].
A summary of selected reports is presented in Table I.

At 2- to 6-month follow-up a 40-60% fibroid volume
reduction was observed in most studies (Table I). This ef-
fect not only seems to be permanent, but also progress-
es with time. However, despite the fact that the overall
fibroid volume reduction is similar in various studies, it
has to be noted that there also is a great variability in
fibroid volume reduction after UAE. In our study these
values ranged from 2.7% to 93.5%, and other authors
published similar results (Table 1). For instance, in Sipo-
la's et al. study at 6-month follow-up some fibroids were
undetectable, but others have increased in size by even
43% [15]. Such variability may result from the presence
of additional factors influencing UAE outcome.

Certainly the most important outcome of UAE is
the improvement of the health-related quality of life.
However, proper assessment of the impact of UAE on
HRQOL requires long-term follow-up. Interestingly,
Lohle et al. found that the percentage fibroid volume
reduction during the first 12 months after UAE signifi-
cantly correlates with patient satisfaction at long-term
follow-up (mean: 54 months, range: 42-87) [10]. There-
fore, we believe that the use of percentage fibroid vol-
ume reduction as a predictor of long-term UAE outcome
is justified.

Fibroid volume is much more accurate in assess-
ing the tumor mass than its largest diameter. A 10-cm
spherical fibroid has a volume of 523 cm?, while a 12-cm
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Fig. 1. Median dominant fibroid volumes (cm?) before and
3 months after uterine artery embolization (UAE). Asterisks
represent minimal and maximal values

Initial fibroid volume [cm?]

Fig. 2. Correlation between the initial fibroid volume and per-
centage volume decrease 3 months after UAE. The Spearman
correlation test showed a statistically significant, positive cor-
relation (R = 0.33; p = 0.006).
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Tab. I. Summary of studies investigating fibroid volume decrease after uterine artery embolization

Authors Follow-up Fibroid volume decrease (range) Reference
Present study 3m 50.1% (2.7-93.5%) Present
study

Firouznia et al., 2008 12m 67.3% + 23.0 SD 12

Naguib et al., 2010 3m 52.6% (12.8-96.7%) 13

Sipola et al., 2010 6m 44% + 31 (-43-100%) 15

30 min. 6.0% + 8.1 SD

deSuoza et al., 2002 1m 22.3% + 17.5SD 16
4m 36.7% + 26.5 SD

Hirst et al., 2008 6m 47.3% + 36.2 SD 2
2m 40% (6-100%)

Burn et al., 2000 6m 59% (6-100%) 26

Jha et al.,, 2000 3m 40.4% + 35.8 SD 27

m — month, min. — minute, SD — standard deviation

fibroid — 904 cm?. Moreover, finding the largest diam-
eter is more user-dependent and irregular tumors are
not described properly by this parameter [19].

In our study we have used the VOCAL 3D to esti-
mate fibroid volume. Undoubtedly this method is more
difficult and time consuming than the ellipsoid formula
(V =T1/6 x height x width x length), and requires using
a volume transducer and dedicated software. On the
other hand, 3D volumetry appears to be more precise,
especially for the assessment of irregular tumors. We
did not identify any studies comparing these ultrasound
methods in pre-UAE assessment of fibroids. However,
Radeleff et al. compared the ellipsoid formula and 3D
volumetry in the preinterventional MRI assessment of
submucosal fibroids to predict the risk of fibroid expul-
sion after UAE [20]. Fibroid volumes obtained by the
ellipsoid formula and by 3D volumetry were not signifi-
cantly different. Interestingly, a statistically significant
difference between the volume of expelled and non-ex-
pelled fibroids was found only by 3D volumetry, which
may justify the use of 3D volumetry and supports the
view that this technique is more accurate in estimating
fibroid volume [20].

We have found that larger fibroids tend to decrease
to a greater extent after UAE. Studies investigating the
correlation between initial fibroid volume and percent-
age fibroid volume decrease are summarized in Table II.
Interestingly, in available studies either no correlation
between the initial fibroid volume and percentage vol-
ume decrease was found [12, 15-17, 21] or a negative
correlation between these parameters was observed
[11, 13, 18]. This is in contrast with the results obtained
in our study. Considering the complex pathophysiology
of fibroids, this may be due to the presence of addi-
tional factors influencing the outcome of UAE.

One of the proposed factors influencing the outcome
of UAE is the location of fibroids. Some authors demon-
strated that submucosal fibroids shrink to a greater ex-
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tent after UAE than intramural and subserous fibroids
[11, 13, 18]. Pedunculated subserosal fibroids are less
likely to reduce in volume and are more often associ-
ated with no clinical improvement after UAE [22]. This
phenomenon may be caused by the distribution of em-
bolic particles, which are located mainly in the inner
parts of the myometrium [23]. Other authors did not
find any correlation between fibroid location and the
outcome of UAE [12, 16]. However, in deSouza’s study
the majority of included fibroids were intramural (thirty
four), with only seven submucosal, three subserous and
one cervical fibroid. Possible correlations might have
therefore been difficult to show. Nevertheless, in our
study we included only intramural fibroids to exclude
the possible influence of fibroid location on the imaging
outcome of UAE. In all studies summarized in Table II
the authors included subserous, intramural and submu-
cosal fibroids in various numbers, which may have had
an impact on the correlation between the initial fibroid
volume and percentage volume reduction and may ex-
plain the discrepancy between those studies and our
results. It has to be stressed that submucosal fibroids
tend to cause symptoms very early and are usually
smaller than other types of symptomatic fibroids. Con-
sidering the fact that due to embolic particle distribu-
tion, submucosal fibroids tend to shrink more after
UAE, this can explain the correlations observed by other
authors (Table I1).

It has also been suggested that increasing age is
negatively correlated with fibroid volume reduction
after UAE [18]. The authors have found that for every
decade increase in the patient age, the volume reduc-
tion decreased by 13% [18]. This, considering the es-
trogen-dependent pathogenesis of fibroids, is probably
explained by the decreasing level of estrogens. It has
been established that estrogens increase blood flow in
uterine vessels by causing vasodilatation. That it is why
at a histological level, the reduction of estrogen levels
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Tab. Il. Summary of studies investigating the correlation between initial fibroid volume and percentage fibroid volume decrease

after uterine artery embolization

Authors No. of Patient age Initial dominant Follow-up Correlation be- Reference

patients (range) fibroid volume/size tween initial fibroid

(fibroids) volume and percent-

age fibroid volume
decrease
Present study 65 44 (29-52) 101 cm? (23.6 -610) 3m 1 Present study
Sipola et al., 2010 52 47.9 (38-59) 66 mm (33-100) 6m 0 27
Firouznia et al., 2008 101 36.9 (20-49)  274.3 cm? (9.1-2618.2) 12m 0 24
deSuoza et al., 2002 11 (45) 40 (29-48) 89.9 cm? (0.6-434) 4m 0 28
Spies et al.,, 2002 200 NP NP (9-2173) 12m \’ 23
Hecht et al., 2011 11 (28) 43 47 cm? (18-182) 6m 0 35
Burn et al., 2000 18 (32) 39 (28-53) 340 cm? (15-1383) 6m 0 30
Jha et al., 2000 31 (125) 45.2 (31-53.8) 69.4 cm? 3m J 31
) 3m J

Naguib et al., 2010 28 (84) 48 (37-57) 51.6 cm? (0.72-371.1) Dm 1 25

T- positive correlation, - negative correlation, O — no correlation, m — month, NP — not presented

may result in vascular effects similar to those of UAE
[18]. Therefore, it seems reasonable to assume that the
effect of UAE may be less pronounced in postmenopau-
sal patients. For this reason, in our study we included
only premenopausal patients. Interestingly, Lohle et al.
investigated the effects of UAE in 92 premenopausal
patients aged 25 to 53 (mean age: 43) and did not find
an association between patient age and UAE outcome
[10]. This may suggest that not the patient age itself,
but the menopausal status is the determinant of suc-
cessful UAE. It has to be noted that in our study we
included only premenopausal patients. In most of the
studies summarized in Table I, the menopausal status
of participating patients was not defined. Considering
the fact that in some of those studies, the patient age
exceeded 50 and ranged even up to 59 [13, 15, 17, 18],
it can be suspected that postmenopausal patients were
included. This may be another factor explaining the dis-
crepancy between our results and available studies.

Another conclusion drawn from the analysis of stud-
ies shown in Table Il is the variability of included fibroid
volumes. In Hecht et al.’s study, median fibroid volume
was almost seven times smaller than in Burn et al.’s re-
port. The largest fibroid in Sipola’s study was estimated
at 2618 cm?, while in Hecht’s study —at 182 cm?. There-
fore, direct comparisons of the results of these studies
may not be justified.

The possible explanation for the association be-
tween initial fibroid volume and its percentage reduc-
tion after UAE is the differences in vascularization be-
tween large and small fibroids. In early studies using
pigment or radiopaque dye injections it has been shown
that small fibroids are less vascular than myometrium,
while larger fibroids were more vascular. These find-

ings were confirmed by color Doppler ultrasound stud-
ies, which showed that vascularization of fibroids was
largely dependent on the tumor size [24]. Some studies
have also attempted to correlate fibroid vascularization
with the outcome of UAE. For instance, in a group of
20 patients Harman et al. demonstrated that high pre-
UAE vascularity (evaluated by power Doppler ultra-
sonography) was associated with greater fibroid vol-
ume reduction [25]. On the other hand, deSouza et al.
did not find a significant correlation between initial fi-
broid perfusion and volume reduction after UAE [16].

It is generally accepted that patients qualified for
UAE should undergo an MRI scan. However, it may be
reasonable to perform initial 3D-ultrasound assess-
ment of fibroids before qualifying the patient for MRI
and finally UAE, to estimate the possible outcome of
UAE and identify patients, who are unlikely to benefit
from UAE. Such approach may decrease the number
of unnecessary MRIs and improve the overall cost-ef-
fectiveness of the procedure. Moreover, 3D-ultrasound
seems to be a perfect tool for follow-up after UAE. It
is relatively cheap and available, estimates fibroid vol-
umes comparably to MRI and allows the assessment of
fibroid vascularization [19, 25].

Conclusions

Many factors may influence the outcome of UAE.
These factors, such as menopausal status, fibroid lo-
cation, initial fibroid volume and fibroid vasculariza-
tion, should be taken into consideration when planning
studies investigating the outcome of UAE. Our results
show that in premenopausal patients with intramural
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fibroids greater volume reductions can be expected in
the case of larger fibroids. Further research is needed,
especially investigating the correlation between fibroid
vascularity and outcome of UAE.

Disclosure

Authors report no conflicts of interest.

References

1.

wi

10.

1

—

1

N

Flake GR Andersen J, Dixon D. Etiology and pathogenesis of uterine
leiomyomas: a review. Environ Health Perspect 2003; 111: 1037-1054.

. Hirst A, Dutton S, Wu O, et al. A multi-centre retrospective cohort study

comparing the efficacy, safety and cost-effectiveness of hysterectomy
and uterine artery embolisation for the treatment of symptomatic
uterine fibroids. The HOPEFUL study. Health Technol Assess 2008; 12:
1-248.

. Cardozo ER, Clark AD, Banks NK, et al. The estimated annual cost of

uterine leiomyomata in the United States. Am J Obstet Gynecol 2012;
206: 211.e1-9.

. Talaulikar VS, Manyonda IT. Ulipristal acetate: a novel option for the

medical management of symptomatic uterine fibroids. Adv Ther 2012;
29: 655-663.

. Tropeano G, Amoroso S, Scambia G. Non-surgical management of uter-

ine fibroids. Hum Reprod Update 2008; 14: 259-274.

. Ravina JH, Herbreteau D, Ciraru-Vigneron N, et al. Arterial embolisation

to treat uterine myomata. Lancet 1995; 346: 671-672.

. Banu NS, Gaze DC, Bruce H, et al. Markers of muscle ischemia, necrosis,

and inflammation following uterine artery embolization in the treat-
ment of symptomatic uterine fibroids. Am J Obstet Gynecol 2007; 196:
213.e1-213.e5.

. Hickey M, Hammond I. What is the place of uterine artery embolisation

in the management of symptomatic uterine fibroids? Aust N Z J Obstet
Gynaecol 2008; 48: 360-368.

. van der Kooij SM, Hehenkamp WJ, Volkers NA, et al. Uterine artery

embolization versus hysterectomy in the treatment of symptomatic
uterine fibroids: 5-year outcome from the randomized EMMY trial. Am
J Obstet Gynecol 2010; 203: 105.e1-13.

Lohle PN, Voogt MJ, De Vries J, et al. Long-term outcome of uterine ar-
tery embolization for symptomatic uterine leiomyomas. J Vasc Interv
Radiol 2008; 19: 319-326.

. Spies JB, Roth AR, Jha RC, et al. Leiomyomata treated with uterine artery

embolization: factors associated with successful symptom and imaging
outcome. Radiology 2002; 222: 45-52.

. Firouznia K, Ghanaati H, Sanaati M, et al. Uterine artery embolization in

101 cases of uterine fibroids: do size, location, and number of fibroids
affect therapeutic success and complications? Cardiovasc Intervent
Radiol 2008; 31: 521-526.

252

13.

14.

15.

16.

17.

18.

19.

20.

2

—

22.

23.

24.

25.

26.

27.

Naguib NN, Mbalisike E, Nour-Eldin NE, et al. Leiomyoma volume chang-
es at follow-up after uterine artery embolization: correlation with the
initial leilomyoma volume and location. J Vasc Interv Radiol 2010; 21:
490-495.

Society of Obstetricians and Gynaecologists of Canada. SOGC clinical
practice guidelines. Uterine fibroid embolization (UFE). Number 150,
October 2004. Int ) Gynaecol Obstet 2005; 89: 305-318.

Sipola B Ruuskanen A, Yawu L, et al. Preinterventional quantitative mag-
netic resonance imaging predicts uterus and leiomyoma size reduction
after uterine artery embolization. ) Magn Reson Imaging 2010; 31: 617-
624.

deSouza NM, Williams AD. Uterine arterial embolization for leiomyo-
mas: perfusion and volume changes at MR imaging and relation to clini-
cal outcome. Radiology 2002; 222: 367-374.

Burn PR, McCall JM, Chinn R}, et al. Uterine fibroleiomyoma: MR imaging
appearances before and after embolization of uterine arteries. Radiol-
ogy 2000; 214: 729-734.

Jha RC, Ascher SM, Imaoka |, et al. Symptomatic fibroleiomyomata: MR
imaging of the uterus before and after uterine arterial embolization.
Radiology 2000; 217: 228-235.

Pietura R, Janczarek M, Bednarek W, et al. The use of magnetic reso-
nance imaging for the evaluation of treatment outcome in uterine ar-
tery embolisation for fibroids. Ginekol Pol 2003; 74: 1549-1556.
Radeleff B, Eiers M, Bellemann N, et al. Expulsion of dominant submu-
cosal fibroids after uterine artery embolization. Eur J Radiol 2010; 75:
e57-63.

. Hecht EM, Do RK, Kang SK, et al. Diffusion-weighted imaging for pre-

diction of volumetric response of leiomyomas following uterine artery
embolization: a preliminary study. ] Magn Reson Imaging 2011; 33: 641-
646.

Toor SS, Tan KT, Simons ME, et al. Clinical failure after uterine artery
embolization: evaluation of patient and MR imaging characteristics.
J Vasc Interv Radiol 2008; 19: 662-667.

Aziz A, Petrucco OSM, Makinoda S, et al. Transarterial embolization of
the uterine arteries: patient reactions and effects on uterine vascula-
ture. Acta Obstet Gynecol Scand 1998; 77: 334-340.

Kurjak A, Kupesic-Urek S, Miric D. The assessment of benign uterine
tumor vascularization by transvaginal color Doppler. Ultrasound Med
Biol 1992; 18: 645-649.

Harman M, Zeteroglu S, Sengiil M, et al. Uterine leiomyoma emboliza-
tion: Role of power Doppler ultrasonography. Tani Girisim Radyol 2003;
9: 240-245.

Burn PR, McCall JM, Chinn RJ, et al. Uterine fibroleiomyoma: MR imaging
appearances before and after embolization of uterine arteries. Radiol-
ogy 2000; 214: 729-734.

Jha RC, Ascher SM, Imaoka |, et al. Symptomatic fibroleiomyomata: MR
imaging of the uterus before and after uterine arterial embolization.
Radiology 2000; 217: 228-235.



