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Abstract
Objective: To evaluate the patient acceptance and clinical outcome after selective uterine leiomyoma embolization.
Materials and Methods: Twenty-four women with symptomatic uterine fibroid were recruited for this study. Selective uterine
leiomyoma embolization proceeded until complete vascular occlusion was achieved. The main outcome measure was
the decrease in the leiomyoma volume and factors that predict it. Pearson correlation analysis and linear regression analysis
were performed to identify possible correlates and predictors of decrease in leiomyoma volume. Patient satisfaction was
assessed by asking the subjects to indicate their degree of satisfaction on a five-point scale.
Results: The mean age of the patients was 41.5±4.9 (Range: 28-52). The mean leiomyoma volume before the procedure was
157±214 cm3 which was calculated to be 44±66 cm3 with a 76±17% (Range: 30-99%) decrease in the mean leiomyoma
volume at the end of one year. Correlation analysis revealed that only preoperative estradiol level was positively correlated
with the extent of decrease in the leiomyoma volume (r=0.54, p=0.005). This was also proved in the regression analysis
(β=0.25, p=0.01). During the follow-up 17 (70.8%) patients had complete remission of the symptoms, 5 (20.8%) had
partial remission and 2 (8.3%) had no clinically significant change. Twenty patients (83.3%) were completely satisfied, 2 were
satisfied and 2 were dissatisfied with the leiomyoma embolization procedure.
Discussion: There is a positive correlation between the preoperative estradiol level and the extent of the decrease in the
leiomyoma volume after the embolization procedure. As leiomyoma is a hormone dependent tumor, the shrinkage of the
leiomyoma seems also dependent on the estradiol levels before the precedure besides the incurred ischemic necrosis
secondary to arterial embolization.
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Özet

Uterin Arter Kateterizasyonu ve Seçici Leiomyom Embolizasyonu:
Klinik Sonuçlar ve Hastalar ‹çin Kabul Edilebilirli¤i
Amaç: Leiomyom için uygulanan selektif uterin leiomyom embolizasyonu sonras›nda klinik sonuçlar› ve hasta memnuniye-
tini de¤erlendirmek.
Materyal ve Metot: Semptomatik uterin leiomyomu olan yirmi dört hasta çal›flmaya al›nd›. Tam vasküler oklüzyon elde edi-
lene kadar selektif embolizasyona devam edildi. Saptanmas› planlanan ana sonuçlar, ifllemden bir y›l sonraki leiomyom hac-
mindeki azalma ve bunu öngören faktörlerdi. Pearson korelasyon analizi ve lineer regresyon analizi leiomyom
hacmindeki azalma ile iliflkili olas› faktörleri ve prediktörleri belirlemek için kullan›ld›. Hasta memnuniyeti, hastalar›n befl-
nokta skalas›nda memnuniyet derecelerini iflaretlemeleri istenerek belirlendi.
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Introduction
Uterine leiomyomas are the most common benign tumors
that arise from the smooth muscle cells of the female genital
tract. Most leiomyomas cause no symptoms, but some women
have significant symptoms such as abnormal uterine
bleeding, pelvic pressure, pelvic pain, constipation, urinary
disturbances, dyspareunia, and reproductive dysfunction (1).
The currently available treatments for leiomyoma are less
than ideal. The ideal conservative treatment for fibroids should
eliminate symptoms, markedly reduce the size of the fibroids,
limit recurrence of future fibroids and preserve fertility.

Uterine artery embolization (UAE) for the treatment of uterine
myomas that cause abnormal menstrual bleeding was first
reported by Ravina et al. in 1995 (2). UAE successfully cont-
rolled symptoms in 85-95% of patients for a median of 24
months. The leiomyomas undergo coagulative necrosis and
eventually hyalinize (3). After this procedure uterine volume
approximately decreases by 30% and the dominant fibroid
volume decreases by 40-60% (4). Procedural complications
due to UAE which are extremely uncommon (less than 1%)
are hematoma, pseudoaneurysm, arteriovenous fistula, arte-
rial trombosis and infection. Post-procedural complications
are postembolization syndrome (fever, malaise, leukocyto-
sis), uterine ischemia and infarction, infection of necrotic
fibroid, expulsion of fibroids and/or uterus, endometritis,
pyosalpinx, menstrual irregularity, ovarian failure and pre-
mature menopause (5). Spies et al. reported 10% of minor
complications and 1.25% of major complications in 400
women treated with uterine fibroid embolization (6).

We aimed to evaluate the patient acceptance and clinical out-
come after selective uterine leiomyoma embolization together
with possible predictors of the decrease in leiomyoma
volume at one year after the procedure.

Materials and Methods
For this study, 24 women with symptomatic uterine fibroid
were recruited from Yüzüncü Y›l University Research Hos-
pital in Van. The local institutional review board approved
the research. Indications for selective uterine leiomyoma
embolization (sULE) included heavy menstrual bleeding,
pelvic pain or pressure caused by fibroids. Exclusion criteria
included contraindications to angiography and embolization,

such as coagulopathy, pregnancy, pelvic inflammatory disease,
diabetes mellitus, severe renal insufficiency, arteriovenous
malformations, vasculitis and patients requiring pelvic sur-
gery for concomitant conditions. These patients would have
otherwise been candidates for surgical resection. All patients
underwent pelvic ultrasonography (USG) and magnetic reso-
nance imaging (MRI) to measure the diameter of the largest
myoma, and the total uterine volume before selective uterine
leiomyoma embolization sULE, most with the same observer
(fiZ) and equipment. Patients desiring future fertility were
counseled about potential risk of sULE, including hysterec-
tomy, radiation exposure and premature menopause. Alter-
native treatments were discussed. All women were seen in
the research clinic at three-month intervals until one year
post-procedure and had an ultrasonografic scan at each visit.
The preoperative USG and MRI findings were compared
with USG and MRI findings at one year after the procedure.

The procedure
All women had a gynecological examination (performed by
gynecologist) before sULE. The procedure, risks, indications,
and alternatives were explained to the patient in detail by the
interventional radiologist, after which informed consent was
obtained both for the procedure and clinical trial. Pre-
procedurally complete blood count, prothrombin time, partial
thromboplastin time, and serum creatinine were assessed.
The procedures were performed after cessation of menses in
the late follicular or early luteal phase. As several patients
had intermenstrual bleeding definitive dating for menorrhage
was possible only with pathological evaluation.

The procedure was performed in the angiography unit under
conscious sedation, which was achieved with 50 mg pethidine
(Aldolan, Liba, ‹stanbul, Turkey). All patients received
prophylactic intravenous antibiotics, and ibuprofen 600 mg
(Artril, Eczac›bafl›, ‹stanbul, Turkey) orally. Vascular access
was obtained from a right common femoral arterial approach,
and selective catheterization of uterine arteries was carried
out with four or five French Cobra catheters, sometimes with
four French Simons 2 catheters and arteries supplying the leio-
myoma were found (Figure 1). The primary embolic agents
were used polyvinyl alcohol particles (PVA) sized 355-500 µm
(contour; Tru-Fil; Cordis, Miami, FL). Selective embolization
of arteries that nourish the leiomyoma proceeded until
complete vascular occlusion was achieved (Figure 2). After
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Sonuçlar: Hastalar›n ortalama yafl› 41.5±4.9 (Da¤›l›m aral›¤›: 28-52) idi. Prosedür öncesi ortalama leiomyom hacmi
157±214 cm3 iken, bir y›l›n sonunda 44±66 cm3 olan ortalama leiomyom hacminde %76±17’lik bir azalma (minimum-mak-
simum=%30-99) bulundu. Korelasyon analizinde sadece preoperatif östradiol seviyesi leiomyom hacmindeki azalma ile
pozitif iliflkili bulundu (r=0.54, p=0.005). Bu sonuç regresyon analizinde de kan›tland› (β=0.25, p=0.01). Takiplerde 17 has-
tada (%70.8) semptomlar›n tamamen düzeldi¤i, 5 hastada (%20.8) k›smi düzeldi¤i izlenirken, 2 hastada (%8.3) klinik olarak
önemli bir de¤ifliklik izlenmedi. Leiomyom embolizasyon prosedürü sonras› 20 hasta (%83.3) çok memnun olurken, 2 hasta
memnun oldu ve 2 hasta ise hiç memnun olmad›.
Tart›flma: Preoperatif östradiol seviyesi ve embolizasyon prosedürü sonras› leiomyom hacmindeki azalma aras›nda pozitif ko-
relasyon bulunmaktad›r. Leiomyom, hormon ba¤›ml› oldu¤undan leiomyomun küçülmesinde kan ak›m›n›n azalmas› ile olu-
flan iskemik nekroz kadar ifllem öncesi östrojen hormon düzeyine de ba¤l› görünmektedir.

Anahtar sözcükler: leiomyom, arter embolizasyonu, klinik sonuçlar, östradiol seviyesi
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the arteries were embolized a final arteriogram was obtained
generally showing a residual flow to normal myometrial
branches (Figure 2).

Patients were kept in bed resting for 12 hours after the pro-
cedure and then evaluated for possible discharge. At the
completion of the procedure, all patients were given ibupro-

phen 600 mg orally every six hours for a day. The patients
were discharged on oral ibuprofen (600 mg 4 times daily) on
demand. The main outcome measure was decrease in the
leiomyoma volume and factors that predict it.

The statistical analysis of the data was performed using Sta-
tistical program for social sciences (SPSS 11.5, IL, USA).
Mann Whitney U test was used to compare the mean decrease
in the leiomyoma volume between cases at the end of one
year from proliferative or secretory histological datings at
the time of embolization. Pearson’s correlation analysis and li-
neer regression analysis were performed to identify possible
factors those of which correlate and predict the decrease
in leiomyoma volume such as age, parity, preoperative leio-
myoma volume, histological endometrial dating and preope-
rative estradiol levels. χ2 test was used to compare categorical
variables before and one year after the procedure. Wilcoxon
test was used to compare continuous variables. The probabi-
lity value p<0.05 was accepted to be statistically significant.

We assessed patient satisfaction by asking the subjects to
indicate their degree of satisfaction on a five-point scale:
1- strongly dissatisfied, 2- dissatisfied, 3- neutral, 4- satisfied,
5- very satisfied. We asked patients to express their agree-
ment to the statements below on a five point Likert scale:
1- strongly disagrees, 2- disagree, 3- neutral, 4- agree and
5-strongly agree. The statements were, “they can refer this
procedure to another friend with leiomyoma” and “they
would prefer another embolization procedure instead of
surgery if the leiomyomas recur”.

Results
The mean age of the patients was 41.5±4.9 (Range: 28-52).
Four (16.6%) women were nulliparous. Twelve women
were in the premenopausal period and 12 cases were in the
reproductive age group without menopausal symptoms. The
indications for the procedure included menometrorhagia
causing anemia and discomfort to the patient in 19 (79.1%)
cases, pelvic pain in 1 case (4.1%) and both pain and irregular
bleeding in 4 (16.6%) cases. Patients accepted the emboliza-
tion procedure because 11 of them wanted to preserve their
uterus, 11 of them were afraid of surgery and two of them
found embolization procedure easier.

Catheterization of bilateral uterine arteries was achieved in
19 (79.1%) of the cases while only one uterine artery cathe-
terization could be achieved in 5 cases. The mean procedure
time was 72.9±21.1 minutes (Range: 30-120). Three cases
had postoperative fever >38°C, 7 (29.1%) had early severe
abdominal cramping, eight (12.5%) had nausea and vomiting
within 24 hours of the procedure. Eighteen patients (75%) re-
covered their daily activity 24 hours after the embolization.

The mean leiomyoma volume before the procedure was
157±214 cm3 which was calculated to be 44±66 cm3 with a
76±17% (Range 30-99%) decrease in the mean leiomyoma
volume at the end of one year. When magnetic resonance
images were evaluated contrast of the leiomyomas were in-
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Figure 1. Uterine artery catheterization and visualizing the arterial
supply of the leimyoma. Thin arrow to the right: External iliac artery.
Thick arrow to the left: Uterine artery.

Figure 2. Selective embolization of the arteries supplying the leio-
myoma. Thin arrow to the right: External iliac artery. Thick arrow to
the left: Uterine artery.
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creased in 7 (30.4%) cases, decreased in 7 (30.4%) cases and
remained the same in 9 (39.1%) cases. Fourteen cases had
secretory endometrial histology while ten cases had prolife-
rative endometrial histology at the time of embolization and
the mean decrease in leiomyoma volume were similar in the
two groups (77±21% and 73±11% respectively, p=0.2).

Correlation analysis revealed that only preoperative estradiol
level was positively correlated to the extent of decrease in the
leiomyoma volume (r=0.54, p=0.005). This was also proved in
the regression analysis that estradiol level could explain the
decrease in leiomyoma volume (β=0.25, p=0.01). The decrease
in leiomyoma volume with respect to preoperative estradiol
level is given in Figure 3.

During the follow-up, 17 (70.8%) patients had complete
remission of the symptoms, while 5 (20.8%) had partial re-
mission and 2 (8.3%) had no clinically significant change.
Twenty patients (83.3%) completely satisfied, 2 patients were
satisfied and 2 patients were dissatisfied with the leiomyoma
embolization procedure. Twenty-two patients (91.6%)
completely agreed and 2 patients disagreed that they can refer
this procedure to another friend with leiomyoma. Nineteen
patients (79.1%) completely agreed, 3 agreed and 2 disagreed
that they would prefer another embolization procedure instead
of surgery if the leiomyomas recur.

Clinical evaluation of patient symptoms at the end of one year
was presented in Table 1. Cycle length increased, bleeding
time decreased, voiding frequency per day decreased, stress
urinary incontinence decreased, constipation decreased,
severe pelvic pain, dysparounia and dysmenorrhea decreased
significantly one year after embolization.

Discussion
Shrinkage of the leiomyomas and reduction in uterine volume
have been used as measures of embolization efficacy. We
found a 76±17% (Range 30-99%) decrease in the mean leio-
myoma volume at the end of one year. We found a positive
correlation between the preoperative estradiol level and the
extent of the decrease in the leiomyoma volume after the
procedure.

Leiomyoma growth is dependent on hormones especially the
estradiol. Studies have shown that leiomyomas have an ab-
normal gene expression that maintains high level of sensiti-
vity to estradiol during the estradiol dominated proliferative
phase of the menstrual cycle (3). In addition, cultured cells
from leiomyomas have a significantly higher response to estra-
diol than do matched cultures of myometrial cells from the
same patient, particularly if the tissue is taken for culture in
the proliferative phase of the menstrual cycle (3). In our
study the leiomyoma reduction extent did not differ between
the two endometrial histology dating groups whether prolife-
rative or secretory. As leiomyoma is a hormone dependent
tumor, the shrinkage of the leiomyoma after sULE is also
dependent on the estradiol hormone level besides hypoxia
secondary to decreased blood supply rather than the leio-
myoma size. A study has shown a consistent finding that the
larger uterus does not decrease UAE’s efficacy (7). On the
contrary, it would be logical to assume that the larger leio-
myomas might be more hormone dependent to grow that
large and a greater decrease in their volume would occur as
the estradiol supply to the cells is diminished.

Gonadotropin releasing hormone analogs (GnRHa) have
been widely used for the treatment of leiomyoma and they
cause pituitary desensitization by downregulation of GnRH
receptors and decrease gonadal steroid production (8). Treat-
ment with GnRHa for symptomatic leiomyoma has been
observed to cause a reduction in uterine artery blood flow
causing fibroid shrinkage an effect similar to that of sULE
(9). The most striking microscopic feature after GnRHa
treatment was coagulative necrosis (10). As the blood
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Figure 3. The decrease in leiomyoma volume with respect to
preoperative estradiol level.
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operation

Cycle length (day) 25±6.5 28±1.5 0.03

Bleeding time (day) 10.7±4.4 4.4±1.7 <0.001

Voiding per day 8.5±2.2 4.2±0.4 <0.001

Stres urinary 5 (20.8%) 0 0.03

incontinence

Constipation 14 (58.3%) 4 (21.1%) <0.001

Severe pelvic pain 15 (62.5%) 0 <0.001

Dysparounia 17 (70.8%) 0 <0.001

Severe dysmenorrhea 16 (66.7%) 0 <0.001

Mild dysmenorrhea 8 (33.3%) 16 (66.7%) <0.001

Table 1. Clinical signs and symptoms before and one year after
uterine leiomyoma embolization
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supply to the leiomyoma was interrupted after uterine artery
embolization, the leiomyoma underwent ischemic injury
and coagulative necrosis, similar to the condition in sULE
treatment. Estradiol is proven to increase myoma vascularity.
Harman et al. showed that greater mass reduction occurred
in leiomyomas with high pre-embolization vascularity (4).
The pre-procedure hyperestradiolic state with increased
pathological vascularity and high blood flow would lead to
higher concentration of the embolic agent at this side after
the selective uterine artery embolization procedure. On the
other hand, semi-quantative immunohistochemical demon-
stration of estradiol and progesterone receptors correlates
with the growth rate of the myomas and in the group of
patients treated with GnRHa it was shown that there was
down-regulation of estradiol receptors (3). Treatment with
GnRHa causes apoptosis of the smooth muscle cells (11).
After sULE, pre-procedure estradiol available to the leio-
myomas via blood stream declines sharply and this decrease,
irrespective of the histological endometrial dating, may cause
down-regulation of estradiol receptors and apoptosis of
smooth muscle cells as seen after GnRHa treatment. In cases
with higher pre-procedure levels of estradiol and higher pre-
embolization vascularity, the decrease in the available blood
and estradiol after embolization might cause a synergistic
effect on the down-regulation of estradiol receptors and the
extent of the decrease in the leiomyoma volume after sULE.

In our study, leiomyoma related symptoms decreased signi-
ficantly after the sULE and the patient acceptance of the
treatment was high with little complication rate, which was
in agreement with the results of others (12). sULE is an
effective, minimally invasive method of treating uterine

leiomyomas and reduces myoma related symptoms by
producing significant volume reduction of both the leio-
myomas and the uterus with high patient acceptance and
tolerability. As shown here, the decrease in leiomyoma
volume is more pronounced with higher preoperative
estradiol levels.
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