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ABSTRACT

Purpose: To evaluate long-term clinical efficacy of uterine artery embolization (UAE) for uterine fibroids with respect to symptom

control and improvement in quality of life.

Materials and Methods: Between October 2000 and October 2007, 380 consecutive women underwent UAE. To determine long-

term efficacy, the rate of reinterventions (ie, repeat UAE, hysterectomy, myomectomy) and the clinical response regarding symptoms

related to bleeding and bulk were documented. Persistence, worsening, or recurrence of symptoms and reinterventions were classified

as treatment failure (TF). The cumulative rate of freedom from TF was determined by Kaplan-Meier analysis. Cox regression was

used to identify possible clinical or morphologic predictors of outcome. Secondary outcome measures were changes in disease-

specific quality of life and onset of menopause.

Results: Follow-up was available for a median of 5.7 years (range, 3.1–10.1 y) after treatment in 304 of 380 (80%) patients. There

were 54 TFs with subsequent reintervention in 46 women. Kaplan-Meier analysis revealed a cumulative TF rate of 23.3% after 10

years. Cox regression demonstrated a significantly higher likelihood of TF in patients o 40 years old compared with patients 4 45

years old (hazard ratio, 2.28; P ¼ .049). Women without TF showed sustained normalization of disease-specific quality of life

(P o .001). Cessation of menstruation at a median age of 51 years was reported by 57 (22.8%) of 250 women.

Conclusions: UAE leads to long-term control of fibroid-related symptoms and normalization of quality of life in approximately 75%

of patients. Younger women seem to have a higher risk of TF than older women closer to menopause.

ABBREVIATIONS

HRQOL = health-related quality of life, PVA = polyvinyl alcohol, QR = quartile range, TF = treatment failure, TGM = trisacryl gelatin
microsphere, UAE = uterine artery embolization, UFS-QOL = Uterine Fibroid Symptom and Quality of Life
Since its first description by Ravina et al (1) in 1995,

uterine artery embolization (UAE) has been increasingly

used as a treatment alternative for women with

symptomatic uterine fibroids who would have otherwise

been treated with surgery (2). Available long-term obser-

vations after UAE suggest that symptom control is

achieved in 70%–90% of patients (3–7), with most of
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these studies reporting at a median follow-up of 3–5 years

after treatment. Only a few studies present longer term

follow-up data, reporting symptom control in 75%–81% of

all women evaluated for up to 9.6 years after UAE (8,9).

More long-term observations in large cohorts are needed to

confirm the long-term benefits of UAE in the treatment of

symptomatic fibroids. In this article, we present the long-

term follow-up analysis of 380 consecutive patients who

underwent UAE at a single institution.
METHODS AND MATERIALS

Study Setting and Patient Population
Between October 2000 and October 2007, 380 consecutive

patients with a median age of 44 years (quartile range

[QR], 41–47 y; range, 33–64 y) were enrolled in a
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prospective clinical study of UAE. Inclusion criteria were

symptomatic uterine fibroid disease confirmed clinically

(bleeding-related symptoms, such as hypermenorrhea or

dysmenorrhea, and bulk-related symptoms, such as feeling

of abdominal distention, increased urinary frequency, or

constipation) and by magnetic resonance (MR) imaging or

ultrasound with a recommendation for surgery and

age 4 18 years. Exclusion criteria were the wish to

conceive, suspicion of malignancy, evident uterine adeno-

myosis, urogenital infections, contraindications for inva-

sive angiography, and gonadotropin-releasing hormone

therapy within 3 months before UAE. The last-mentioned

is an exclusion criterion because this treatment increases

the risk of vascular spasm during catheterization. All

patients were seen by a gynecologist and interventional

radiologist before study enrollment, and UAE was chosen

as an alternative to surgical therapy. All patients gave

written informed consent to undergo UAE and volunteered

to participate in the follow-up examinations. Patients who

withdrew consent to be followed further were not contacted

again. The study was approved by the institutional review

board, and permission to use the Uterine Fibroid Symptom

and Quality of Life (UFS-QOL) questionnaire in an official

German translation was granted by its authors and the

Society of Interventional Radiology (SIR).

Primary outcome measures were absence of treatment

failure (TF) after UAE as indicated by freedom from

symptom recurrence at long-term follow-up with a

follow-up period of at least 3 years and influence of

clinical and morphologic imaging factors at baseline on

clinical outcome. Secondary endpoints were changes in

disease-specific quality of life as assessed by the validated

UFS-QOL questionnaire and menstrual status over the

follow-up period.

Baseline MR Imaging
MR imaging with a standardized imaging protocol, includ-

ing axial and sagittal T2-weighted and non–contrast-

enhanced and contrast-enhanced T1-weighted pulse

sequences, was performed before the intervention to obtain

baseline morphologic data related to the fibroid burden (ie,

uterine and largest fibroid volume and number of fibroids

and location of the largest fibroid).

Embolization Technique
After establishing a unilateral transfemoral access, the tip of

either a 4-F/5-F end-hole catheter or a coaxially advanced

microcatheter was directed into the horizontal segment of

the uterine artery well beyond angiographically visualized

cervicovaginal branches. In the first 75 patients, a micro-

catheter was used only in 9 patients because of difficult

vascular anatomy. Subsequently, as a result of a change in

the UAE protocol of our department, microcatheters were

used in all cases. Free-flow particle embolization was

accomplished using 500- to 900-mm-diameter trisacryl

gelatin microsphere (TGM) particles (EmboSphere; Merit
Medical, Paris, France) (n = 280), 500- to 1,000-mm-

diameter nonspherical polyvinyl alcohol (PVA) particles

(Contour; Boston Scientific, Natick, Massachusetts) (n =

31), or 500- to 900-mm-diameter spherical PVA particles

(Bead Block; Biocompatibles UK Ltd, Farnham, United

Kingdom) (n = 69). The angiographic endpoint for TGM

particles was occlusion of the perifibroid plexus but pre-

served sluggish antegrade flow in the uterine arteries

according to a limited embolization protocol; for PVA

particles, a more radical angiographic endpoint, near stasis

in the horizontal segment of the uterine artery, was chosen.

Although the choice of embolic agent was to some extent at

the discretion of the interventionalist, preferences also

changed over the study period with a view to optimizing

the UAE procedure and clinical outcome. Because TGM

particles exhibited superior properties compared with PVA

particles, while showing similar effectiveness in terms of

devascularization of the fibroid load, they became the

predominantly used embolic agent (10–13). UAE was

performed as an inpatient procedure; all women were

admitted for further observation and sufficient analgesia

with intravenous narcotics on the day of the procedure.

Nonsteroidal antiinflammatory drugs were prescribed for

analgesia thereafter.
Clinical Follow-up
A self-administered nonvalidated questionnaire asking for

bleeding-related (ie, hypermenorrhea, dysmenorrhea) and

bulk-related (ie, pelvic pressure and feeling of distention,

urinary urgency, constipation) symptoms on a yes-or-no

basis was used to assess leiomyoma-related symptoms

before enrollment. At 3, 6, and 12 months and once a year

thereafter, all patients were asked to complete the ques-

tionnaire again and report any changes in these symptoms.

The patients’ self-assessment was classified as ‘‘resolved’’

or ‘‘improved,’’ summarized as positive outcome or

‘‘unchanged’’ or ‘‘worsened’’ (ie, negative clinical out-

come). Unchanged or worsened symptoms (negative out-

come) or recurrence of previously improved complaints as

well as intervening major reinterventions (ie, hysterectomy,

myomectomy, repeat UAE) to control leiomyoma-related

symptoms were classified as TF. At each follow-up time

point, the questionnaires were sent by mail or fax to be

completed by hand, completed by telephone interview, or

completed as an individually keyed online survey. For the

purpose of this study, the latest available follow-up or, in

case of negative clinical outcome, the time of recurrence of

symptoms was used for clinical outcome analysis.

From July 2002 on, the validated UFS-QOL question-

naire by Spies et al (14) was additionally integrated into the

ongoing study along with the nonvalidated questionnaire.

In the context of this study, the UFS-QOL data were used

to evaluate the changes in patients’ disease-specific quality

of life in case of treatment success (ie, the absence of TF).

The questionnaire was administered within 2 weeks before

UAE to elicit baseline data and again at the times of follow-up.



Table 1 . Demographic Characteristics

N ¼ 304

Age (y), median (range) 44 (33–64)

Volume of uterus before UAE (mL),

median (QR)n
367 (237–546)

Volume of largest leiomyoma before

UAE (mL), median (QR)n
96 (38–190)

No. leiomyomasn

1 79 (26%)

2–5 98 (32%)

4 5 121 (40%)

Location of largest leiomyoman

Subserosal 70 (23%)

Intramural 173 (57%)

Submucosal 55 (18%)

Clinical symptoms

Predominantly bleeding-related 61 (20%)

Predominantly bulk-related 53 (17%)

Mixed bleeding-related and bulk-

related

186 (61%)

Undetermined 4 (3%)

QR ¼ quartile range, UAE ¼ uterine artery embolization.
n Six patients without magnetic resonance imaging before
intervention and missing baseline information.

Volume 24 ’ Number 6 ’ June ’ 2013 767
The questionnaire comprises 8 questions pertaining to the

type and severity of symptoms, summarized in the symp-

tom severity score, and 29 questions pertaining to how the

disease affects different aspects of the patient’s health-

related quality of life (HRQOL), subdivided into six

subscale scores pertaining to concern, activities, energy/

mood, control, self-consciousness, and sexual function.

Response options are presented as 5-point Likert scales

ranging from ‘‘not at all’’ (1 point) to ‘‘a very great

deal’’ (5 points) in response to ‘‘how distressed were

you by y?’’ for the symptom severity items (questions

1–8) and from ‘‘none of the time’’ (1 point) to ‘‘all of the

time’’ (5 points) in response to the questions about HRQOL

(questions 9–37). As recommended by the authors, a

subscale score was excluded from further analysis

if 4 50% of the respective questions were not answered.

Otherwise, the missing value was imputed by the mean of

the other subscale values. The UFS-QOL scores were

normalized to a scale ranging from 0–100, with lower

symptom scores indicating improvement in fibroid-related

symptoms and higher HRQOL scores indicating improve-

ment in QOL. Worsened symptom severity and HRQOL

scores were classified as TF. The menstrual status was

documented, in case of permanent amenorrhea with the

date of the last menstrual period.
Statistical Analysis
All metric demographic data (ie, age and volumes of the

uterus and largest leiomyoma) are given as median and

range or QR. For nominal variables (ie, clinical symptoms,

number and location of leiomyomas), absolute counts and

percentages are documented. Kaplan-Meier analysis was

used to determine the cumulative rate of TF and the mean

freedom from TF during the follow-up period for the entire

cohort. Cox proportional hazard regression analysis was

used to identify possible clinical and morphologic imaging

predictors of TF. The following variables were included:

(i) age at time of UAE in three groups—o 40 years, 40–45

years, and 4 45 years; (ii) baseline uterine volume; (iii)

baseline volume of the largest leiomyoma (dominant

leiomyoma); (iv) number of leiomyomas, distinguishing

three categories—single leiomyoma, two to five leiomyo-

mas, and more than five leiomyomas; (v) location of the

dominant leiomyoma—subserosal, intramural, or submu-

cosal; (vi) clinical symptoms at baseline, grouped as

predominantly bleeding-related, predominantly bulk-

related, or mixed bleeding-related and bulk-related symp-

toms; and (vii) type of embolization particles used. The

results of the UFS-QOL questionnaire and its eight sub-

scales before and after UAE are given as median and QR

(25th and 75th percentile). Changes within each score were

tested for significance using Wilcoxon test for paired

samples. Statistical significance was defined as P o .05.

Statistical analysis was performed using the SPSS software

package (SPSS 19.0; IBM Corporation, New York,

New York).
RESULTS

Of 380 patients initially included in the study, 74 (19.5%)

patients were lost to follow-up. Two patients were additionally

classified as dropouts. One woman died of another cause, and

the other underwent hysterectomy for endometrial cancer 6

years after UAE at the age of 51. There were 304 women who

completed clinical long-term follow-up after a median of 5.7

years (range, 3.1–10.1 y). The demographic characteristics and

baseline clinical presentations and objective disease burden of

these patients are summarized in Table 1. All but six patients

underwent MR imaging before the intervention. These six

women did not wish to undergo MR imaging because of

claustrophobia, and diagnosis relied on ultrasound.

Technical Success
Bilateral UAE was technically successful in 296 (97.4%) of

304 patients. The remaining eight women underwent

unilateral embolization because of absence or hypoplasia

of one uterine artery (n ¼ 3), difficult branching pattern

(n ¼ 3), tortuous anatomy leading to irreversible spasm

(n ¼ 1), or previous surgical ligation on one side (n ¼ 1).

In seven other cases, initial bilateral UAE was combined with

ovarian artery embolization because of relevant collateral

blood supply via one ovarian artery. UAE was performed

using TGM particles in 227 (74.7%) of 304 cases, non-

spherical PVA particles in 31 (10.2%) of 304 cases, and

spherical PVA particles in 46 (15.1%) of 304 cases.

Clinical Outcome and Survival Analysis
On the basis of the nonvalidated questionnaire, clinical im-

provement of symptoms was achieved in 250 of 304 women.
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The remaining 54 patients reported unchanged or worsened

symptoms and were classified as TFs. Of these patients, 46

subsequently underwent a second intervention. Hysterec-

tomy was performed in 33 patients, myomectomy in 4

patients, and repeat UAE in 9 patients at a median of 1.3

years (QR, 0.9–3.3 y) after initial UAE. Eight additional

patients failed clinically at a median of 65 months (range,

10–92 mo) after UAE with no relevant symptom allevia-

tion but did not undergo another surgical or endovascular

approach. At the time of follow-up, two women had

entered menopause, one woman improved under hormone

replacement therapy, and the remaining five women

tolerated their symptoms. The cumulative rate of freedom

from TF according to Kaplan-Meier analysis was 76.7%

(standard error, 3.4%) 10 years after UAE. The mean

duration of freedom from TF for the observed period

reached 8.5 years (95% confidence interval, 8.2–8.9)

(Fig 1). Cox regression analysis revealed no relevant

effect of clinical or morphologic imaging parameters or

the type of embolization particles used on outcome

measured as TF. Only the age group (o 40 y, 40–45 y,

and 4 45 y at UAE) was significantly related to outcome.

The risk of TF was twice as high in women o 40 years old

compared with women 4 45 years old (P ¼ .049). The

data are presented in Table 2. Fig 2 presents freedom from

TF by age group.
Figure 1. Cumulative rate of freedom from TF (ie, persistence or
recurrence of symptoms or major reintervention, such as hyster-
ectomy, myomectomy, or repeat UAE) according to Kaplan-
Meier analysis for all patients eligible for follow-up analysis
(N ¼ 304). The numbers in parentheses along the x-axis are the
patients at risk after each year. The black crosses along the graph
correspond to censored data (patient’s last available follow-up
without evidence of TF). The cumulative rate of freedom from TF
reaches 76.7% after 92 months (7.7 y) and remains stable until
the end of the follow-up period of 10 years.
Outcome of UFS-QOL Questionnaire
Of the 250 women with reported long-term success of treat-

ment, 47 were treated before July 2002 and did not complete

the UFS-QOL questionnaire at baseline. Baseline question-

naires were completed by 186 of 203 women, and follow-up

questionnaires were completed by 221 of 250 women.

Wilcoxon test for paired samples could be conducted for 165

patients with sufficient baseline and follow-up data. The

remaining women did not complete the questionnaire or left

too many questions unanswered, and no scores could be

calculated. All scores of the UFS-QOL questionnaire improved

significantly during the observation period (Table 3). The

symptom severity score decreased from a median of 46.88

(QR, 34.38–62.50) to 3.13 (QR, 0.00–15.63) (P o .001), the

overall HRQOL score increased from a median of 58.62 (QR,

43.10–74.14) to 100.00 (QR, 95.69–100) (P o .001).

Repeat UAE
Of 46 patients who required reintervention, 9 (20%) chose

to undergo repeat UAE. Eight interventions were per-

formed within the first 13 months, and one intervention

was performed 29 months after the initial treatment. In two

of the eight women with early repeat embolization,

insufficient fibroid infarction after the initial treatment

was caused by relevant additional fibroid supply via

hypertrophied ovarian arteries. Repeat UAE in these cases

was supplemented by unilateral ovarian artery emboliza-

tion. The reason for TF of the patient with repeat UAE

after 29 months was insufficient devascularization of the

fibroids with only about 60% infarction of her entire fibroid

burden already seen on contrast-enhanced MR imaging 48

hours after her first UAE treatment. Follow-up was

available in all nine patients who underwent repeat

embolization at a median of 5.3 years (range, 4.3–7.8 y)

after the second UAE. All patients experienced marked

clinical improvement. The UFS-QOL questionnaire at

baseline was available in all but one and at follow-up of

all women. The symptom severity score decreased from a

median of 25.00 (QR, 21.88–59.38) to 0.00 (QR, 0.00–

21.10) (P ¼ .046), and the HRQOL total score increased

from a median of 74.14 (QR, 57.11–84.84) to 100.00 (QR,

94.40–100.00) (P ¼ .050).

Menopause
In the subset of patients without TF during the observation

period, 57 (22.8%) of 250 women experienced menopause.

Four women were unable to specify the time of meno-

pause; the remaining 53 had their last menstrual period at a

median age of 51 years (QR, 48–53 y; range, 38–66 y) and

at a median of 43 months (range, 0–108 mo) after

embolization therapy. Early onset of menopause within

the first year after UAE was seen in 9 (3.6%) of 250

women; 8 of these women were younger than the natural

age of menopause (38 y, 40 y, 45 y, 46 y, 48 y, and three

49 y). More than 1 year after UAE, cessation of menstru-

ation occurred almost exclusively in women at normal



Table 2 . Results of Cox Proportional Hazards Regression

Variables Hazard Ratio (95% CI) P Value

Patient age 4 45 y vs o 40 y 2.28 (1.01–5.18) .049

Patient age 4 45 y vs 40–45 y 1.53 (0.75–3.08) .240

Uterine volume at baseline 1.00 (0.99–1.00) .490

Largest leiomyoma volume at baseline 1.00 (0.99–1.00) .863

4 5 vs 1 leiomyoma 0.93 (0.44–1.99) .850

4 5 vs 2–5 leiomyomas 0.85 (0.42–1.74) .655

Subserosal vs intramural location of largest leiomyoma 1.15 (0.55–2.39) .708

Subserosal vs submucosal location of largest leiomyoma 1.06 (0.41–2.73) .906

Bleeding- and bulk-related symptoms vs bleeding-related symptoms only 0.88 (0.39–1.99) .758

Bleeding- and bulk-related symptoms vs bulk-related symptoms only 1.26 (0.60–2.64) .541

TGM particles vs spherical PVA particles 1.60 (0.78–3.29) .197

TGM particles vs nonspherical PVA particles 0.48 (0.11–2.09) .329

The only significant hazard ratio was found for patient age. Women o 40 y had a 2.28-fold higher risk of TF. Fig 2 illustrates the
cumulative rate of freedom from TF for the three age groups compared.
Grouping of categorical variables included in the analysis:

� Patient age: o 40 y, 40–45 y, 4 45 y

� Number of uterine leiomyomas: 1, 2–5, 4 5

� Location of largest leiomyoma at baseline: subserosal, intramural, submucosal

� Symptoms at baseline: predominantly bleeding-related, predominantly bulk-related, mixed bleeding-related and bulk-related
symptoms

� Particles used for UAE: TGM particles (Embosphere), nonspherical PVA particles (Contour), spherical PVA particles
(Bead Block)

CI ¼ confidence interval, PVA ¼ polyvinyl alcohol, TF ¼ treatment failure, TGM ¼ trisacryl gelatin microsphere, UAE ¼ uterine artery
embolization.

Figure 2. Cumulative rate of freedom from TF (ie, persistence
or recurrence of symptoms or major reintervention, such as
hysterectomy, myomectomy, or repeat UAE) according to Cox
proportional hazards regression separately for patients o 40
years old, 40–45 years old, and 4 45 years old. Corresponding
curves reach cumulative rates of freedom from TF of 68% (o 40
years old), 78% (40–45 years old), and 85% (4 45 years old). The
difference between women o 40 years old and 4 45 years old
reached significance (P ¼ .049).
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menopausal age. Another 6 (2.4%) of 250 women reported

symptoms indicating the beginning of the climacteric

period at a median age of 52.5 years (range, 47–57 y).
DISCUSSION

Introduced into clinical practice in the late 1990s as an

alternative to hysterectomy, UAE has since proved to be an

effective, minimally invasive, and low-risk treatment

option for women with symptomatic uterine fibroids

(3,7,15). Available retrospective analyses and prospective

randomized trials comparing UAE with established surgi-

cal treatments (ie, hysterectomy, myomectomy) followed

patients for up to 5 years (7,16–20). The results either are

in favor of UAE in terms of observed complications,

clinical effectiveness, and cost efficiency or at least show

both procedures head to head. The major drawback of UAE

compared with primary hysterectomy is a greater need for

a repeat intervention. This drawback cancels out the initial

cost advantage of UAE over surgery. Our study shows that

the cumulative rate of TF approaches a steady state rather

than increasing linearly over time. Data analysis revealed

that most reinterventions occurred within the first 4 years

of UAE, at a median of 1.3 years (QR, 0.9–3.3 y), mainly

reflecting primary failure of the procedure with insufficient

fibroid infarction (3,9,21). A further increase in costs

owing to repeat interventions becoming necessary after



Table 3 . Results of Uterine Fibroid Symptom and Quality of Life Questionnaire

Before UAE After UAE

UFS-QOL subscale Median QR Median QR P Value

Symptom severity 46.88 34.38–62.50 3.13 0.00–15.63 o .001

Concern 55.00 30.00–80.00 100.00 97.50–100.00 o .001

Activities 53.57 35.71–75.00 100.00 98.22–100.00 o .001

Energy/mood 55.36 39.29–71.43 100.00 92.86–100.00 o .001

Control 60.00 45.00–75.00 100.00 95.00–100.00 o .001

Self-consciousness 75.00 41.67–91.67 100.00 100.00–100.00 o .001

Sexual function 50.00 25.00–75.00 100.00 96.88–100.00 o .001

HRQOL total 58.62 43.10–74.14 100.00 95.69–100.00 o .001

HRQOL ¼ health-related quality of life, QR ¼ quartile range, UAE ¼ uterine artery embolization, UFS-QOL ¼ Uterine Fibroid
Symptom and Quality of Life.
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this initial phase, such as described in the 5-year results of

the REST (Randomized Trial of Embolization versus

Surgical Treatment of Fibroids) trial, may not occur.

However, not only the need for reinterventions but also

the choice of secondary treatment can affect cost efficiency.

UAE may fail in the first attempt because of difficult

anatomy, impairment of free-flow embolization by spasm,

substantial collateral blood supply, or misinterpretation of

the angiographic endpoint. This TF should not automati-

cally prompt hysterectomy as the only and best choice for

reintervention. A second minimally invasive endovascular

approach, if necessary with refined technique or supple-

mented by embolization of relevant collaterals (22–24), can

be successful despite initial failure, as could be shown in

nine patients who did well after repeat UAE with a median

follow-up period of 5.3 years. Similar results showing high

clinical efficacy after repeat UAE were published by

Yousefi et al (25) in a larger cohort of 24 women.

Because symptomatic fibroid disease usually ameliorates

with menopause, clinical long-term analysis has to prove

whether this period can be bridged successfully by UAE

without further treatment. Throughout the current literature

(3,4,6,7,19,25), mean patient age at the time of UAE varies

only a little around 43 years, leaving 8 years until onset of

menopause, which occurs at a mean age of 51 years (26).

Poulsen et al (8) published the follow-up data of 83

patients who were evaluated for up to 9.4 years after

UAE, documenting a 22% rate of hysterectomy owing to

clinical failure of embolization. This rate matches the range

known from shorter follow-up intervals and the cumulative

rate of TF of 23.3% in this study (3). Menopausal age in

the analysis of Poulsen et al (8) was 50.6 years. In our

study, almost one-quarter of women reported cessation of

menstruation or at least symptoms indicating the beginning

of the climacteric period at a median age of 51 years or

52.5 years, respectively. These findings match the natural

menopausal age, and there is no evidence that UAE may

accelerate the onset of menopause (27). With a follow-up

period ranging from 3.1–10.1 years, we found a mean

freedom from TF of 8.5 years. UAE, which is usually

performed in women in their early 40s, is able to alleviate
fibroid-related symptoms until menopause, when sympto-

matic fibroid disease usually terminates. This finding

suggests that the percentage of successfully treated patients

would not decrease during longer observation periods.

However, longer term studies with follow-up until the

onset of menopause in all treated women may be needed to

prove clinical and cost efficiency, particularly for younger

patients. Women o 40 years old are much farther away

from menopause and, in the present study, had a signifi-

cantly higher risk of TF than women 4 45 years old.

Better outcome of UAE in older patients has been

described in the literature before (28,29). This age effect

may be even more pronounced in our study because of the

longer follow-up period and the resulting higher proportion

of menopausal women. No other influencing factors were

identified. The particles used for embolization had no

relevant effect on outcome, an observation that is in

agreement with earlier reports (4,13).

For all women without TF, fibroid-specific quality of life

improved and reached the highest possible scores, whereas

the symptom severity score decreased, as expected, to a

minimum. When effective, UAE successfully eliminates a

woman’s symptoms and symptom-related impairments in

different areas of daily activities, and quality of life

normalizes. The scores in our study exceed scores of the

long-term follow-up data of the FIBROID Registry, with a

mean symptom severity score of 16.54 and a mean

HRQOL score of 89.55 after 3 years (2), and scores of

the normal population in the validation study of the

questionnaire with a mean symptom severity score of

22.5 and a mean HRQOL score of 86.4 (14). Causes

might be the previous exclusion of all women with TF

regardless of any secondary intervention and the longer

follow-up period, during which more women entered

menopause. In a comparative study of different leiomyoma

therapies by Spies et al (15), women after hysterectomy

also showed a markedly lower symptom severity score

with 7.6 than women after UAE with 24.9 1 year after

treatment or the normal control group with 15.2. Along

with a decrease in symptom severity, the patients in the

hysterectomy group experienced an improvement in quality
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of life comparable to that of normal individuals (score of

92.3 vs 94.1 in controls). Patients who underwent UAE or

myomectomy showed mean scores after treatment

slightly 4 80. The fact that all patients with clinical

failure of UAE were eliminated may explain the fact that

satisfaction scores in our patient population were closer to

the range otherwise seen for women treated by complete

removal of the organ causing their symptoms.

A limitation of this study is the rate of patients lost to

follow-up. Although we had a response rate of 80%, this

means that one-fifth of patients were lost to follow-up. The

results have to be interpreted with some caution. However,

our response rate is in the range of 72%–93% reported by

earlier studies investigating the long-term outcome after

UAE (4–6,11,30). Another limitation is the wide variation

in follow-up periods, which ranged from 3–10 years. We

addressed this problem by applying adequate statistical

methods (Kaplan-Meier analysis, Cox proportional hazard

regression). Finally, the clinical information available for

analysis is limited by the fact that we followed our patients

solely by clinical questionnaire. There were no office visits

or follow-up imaging examinations. Some factors possibly

relevant to outcome may have been missed.

In conclusion, this study demonstrates that a sustained

positive clinical effect of UAE can be observed in about

three-quarters of patients 10 years after treatment. Younger

women have a slightly higher risk of TF compared with

patients 4 45 years old. Quality-of-life analysis revealed

that UAE leads to normalization of HRQOL in women

with fibroid disease. The median freedom from TF of 8.5

years, in conjunction with the expected rate of reported

menopause at natural age, indicates that UAE is able to

bridge most women to menopause.
REFERENCES

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

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

2. Goodwin SC, Spies JB, Worthington-Kirsch R, et al. Uterine artery

embolization for treatment of leiomyomata: long-term outcomes from

the FIBROID Registry. Obstet Gynecol 2008; 111:22–33.

3. Freed MM, Spies JB. Uterine artery embolization for fibroids: a review

of current outcomes. Semin Reprod Med 2010; 28:235–241.

4. Lohle PNM, Voogt MJ, De Vries J, et al. Long-term outcome of uterine

artery embolization for symptomatic uterine leiomyomas. J Vasc Interv

Radiol 2008; 19:319–326.

5. Spies JB, Bruno J, Czeyda-Pommersheim F, Magee ST, Ascher SA, Jha

RC. Long-term outcome of uterine artery embolization of leiomyomata.

Obstet Gynecol 2005; 106:933–939.

6. Katsumori T, Kasahara T, Akazawa K. Long-term outcomes of uterine

artery embolization using gelatin sponge particles alone for symptomatic

fibroids. AJR Am J Roentgenol 2006; 186:848–854.

7. Moss JG, Cooper KG, Khaund A, et al. Randomised comparison of

uterine artery embolisation (UAE) with surgical treatment in patients with

symptomatic uterine fibroids (REST trial): 5-year results. BJOG 2011;

118:936–944.

8. Poulsen B, Munk T, Ravn P. Longterm follow up after uterine artery

embolization for symptomatic uterine leiomyomas. Acta Obstet Gynecol

Scand 2011; 90:1281–1283.

9. Scheurig-Muenkler C, Koesters C, Grieser C, Hamm B, Kroencke

TJ. Treatment failure after uterine artery embolization: prospective

cohort study with multifactorial analysis of possible predictors of long-

term outcome. Eur J Radiol 2012; 81:e727–e731.
10. Spies JB, Benenati JF, Worthington-Kirsch RL, Pelage JP. Initial

experience with use of tris-acryl gelatin microspheres for uterine artery

embolization for leiomyomata. J Vasc Interv Radiol 2001; 12:1059–1063.

11. Spies JB, Cornell C, Worthington-Kirsch R, Lipman JC, Benenati JF.

Long-term outcome from uterine fibroid embolization with tris-acryl

gelatin microspheres: results of a multicenter study. J Vasc Interv Radiol

2007; 18:203–207.

12. Kroencke TJ, Scheurig C, Lampmann LEH, et al. Acrylamido polyvinyl

alcohol microspheres for uterine artery embolization: 12-month clinical

and MR imaging results. J Vasc Interv Radiol 2008; 19:47–57.

13. Spies JB, Allison S, Flick P, et al. Polyvinyl alcohol particles and tris-

acryl gelatin microspheres for uterine artery embolization for leiomyo-

mas: results of a randomized comparative study. J Vasc Interv Radiol

2004; 15:793–800.

14. Spies JB, Coyne K, Guaou Guaou N, Boyle D, Skyrnarz-Murphy K,

Gonzalves SM. The UFS-QOL, a new disease-specific symptom and

health-related quality of life questionnaire for leiomyomata. Obstet

Gynecol 2002; 99:290–300.

15. Spies JB, Bradley LD, Guido R, Maxwell GL, Levine BA, Coyne K. Out-

comes from leiomyoma therapies: comparison with normal controls.

Obstet Gynecol 2010; 116:641–652.

16. Broder MS, Goodwin S, Chen G, et al. Comparison of long-term

outcomes of myomectomy and uterine artery embolization. Obstet

Gynecol 2002; 100:864–868.

17. Pinto I, Chimeno P, Romo A, et al. Uterine fibroids: uterine artery

embolization versus abdominal hysterectomy for treatment—a prospec-

tive, randomized, and controlled clinical trial. Radiology 2003; 226:

425–431.

18. Siskin GP, Shlansky-Goldberg RD, Goodwin SC, et al. A prospective

multicenter comparative study between myomectomy and uterine artery

embolization with polyvinyl alcohol microspheres: long-term clinical

outcomes in patients with symptomatic uterine fibroids. J Vasc Interv

Radiol 2006; 17:1287–1295.

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

study comparing the efficacy, safety and cost-effectiveness of hyster-

ectomy and uterine artery embolisation for the treatment of sympto-

matic uterine fibroids. The HOPEFUL study. Health Technol Assess

2008; 12:1–248.

20. Van der Kooij SM, Hehenkamp WJK, Volkers NA, Birnie E, Ankum WM,

Reekers JA. Uterine artery embolization vs hysterectomy in the

treatment of symptomatic uterine fibroids: 5-year outcome from

the randomized EMMY trial. Am J Obstet Gynecol 2010; 203:

105.e1–105.e13.

21. Katsumori T, Kasahara T, Kin Y, Nozaki T. Infarction of uterine fibroids

after embolization: relationship between postprocedural enhanced MRI

findings and long-term clinical outcomes. Cardiovasc Intervent Radiol

2008; 31:66–72.

22. Barth MM, Spies JB. Ovarian artery embolization supplementing

uterine embolization for leiomyomata. J Vasc Interv Radiol 2003; 14:

1177–1182.

23. Scheurig-Muenkler C, Poellinger A, Wagner M, Hamm B, Kroencke

TJ. Ovarian artery embolization in patients with collateral supply to

symptomatic uterine leiomyomata. Cardiovasc Intervent Radiol 2011; 34:

1199–1207.

24. Kim HS, Tsai J, Patra A, Lee JM, Griffith JG, Wallach EE. Effects of

utero-ovarian anastomoses on clinical outcomes and repeat intervention

rates after uterine artery embolization. J Vasc Interv Radiol 2006; 17:

783–789.

25. Yousefi S, Czeyda-Pommersheim F, White AM, Banovac F, Hahn WY,

Spies JB. Repeat uterine artery embolization: indications and technical

findings. J Vasc Interv Radiol 2006; 17:1923–1929.

26. Nelson HD. Menopause. Lancet 2008; 371:760–770.

27. Tropeano G, Di Stasi C, Amoroso S, Gualano MR, Bonomo L, Scambia

G. Long-term effects of uterine fibroid embolization on ovarian reserve:

a prospective cohort study. Fertil Steril 2010; 94:2296–2300.

28. Park AJ, Bohrer JC, Bradley LD, et al. Incidence and risk factors for

surgical intervention after uterine artery embolization. Am J Obstet

Gynecol 2008; 199:671.e1–671.e6.

29. Tropeano G, Di Stasi C, Amoroso S, Vizzielli G, Mascilini F, Scambia

G. Incidence and risk factors for clinical failure of uterine leiomyoma

embolization. Obstet Gynecol 2012; 120:269–276.

30. Popovic M, Berzaczy D, Puchner S, Zadina A, Lammer J, Bucek

RA. Long-term quality of life assessment among patients undergoing

uterine fibroid embolization. AJR Am J Roentgenol 2009; 193:267–271.


	Clinical Long-term Outcome after Uterine Artery Embolization: Sustained Symptom Control and Improvement of Quality of Life
	METHODS AND MATERIALS
	Study Setting and Patient Population
	Baseline MR Imaging
	Embolization Technique
	Clinical Follow-up
	Statistical Analysis

	RESULTS
	Technical Success
	Clinical Outcome and Survival Analysis
	Outcome of UFS-QOL Questionnaire
	Repeat UAE
	Menopause

	DISCUSSION
	References




