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ENERAL GYNECOLOGY

terine artery embolization vs hysterectomy in the treatment
f symptomatic uterine fibroids: 5-year outcome
rom the randomized EMMY trial
anne M. van der Kooij, MD; Wouter J. K. Hehenkamp, MD, PhD; Nicole A. Volkers, MD, PhD;
rwin Birnie, PhD; Willem M. Ankum, MD, PhD; Jim A. Reekers, MD, PhD
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BJECTIVE: The purpose of this study was to compare clinical outcome
nd health related quality of life (HRQOL) 5 years after uterine artery em-
olization (UAE) or hysterectomy in the treatment of menorrhagia
aused by uterine fibroids.

TUDY DESIGN: Patients with symptomatic uterine fibroids who were
ligible for hysterectomy were assigned randomly 1:1 to hysterectomy
r UAE. Endpoints after 5 years were reintervention rates, menorrhagia,
nd HRQOL measures that were assessed by validated questionnaires.

ESULTS: Patients were assigned randomly to UAE (n � 88) or hyster-
broids: 5-year outcome from the randomized EMMY trial. Am J Obstet Gynecol 201
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See Journal Club, page 186
28.4%) had undergone a hysterectomy because of insufficient im-
rovement of complaints (24.7% after successful UAE). HRQOL mea-
ures improved significantly and remained stable until the 5-year fol-
ow-up evaluation, with no differences between the groups. UAE had a
ositive effect both on urinary and defecation function.

ONCLUSION: UAE is a well-established alternative to hysterectomy
bout which patients should be counseled.

ey words: fibroid tumor, hysterectomy, menorrhagia, uterine artery

ctomy (n � 89). Five years after treatment 23 of 81 UAE patients embolization

ite this article as: van der Kooij SM, Hehenkamp WJK, Volkers NA, et al. Uterine artery embolization vs hysterectomy in the treatment of symptomatic uterine

0;203:105.e1-13.
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ymptomatic uterine fibroids are
disabling and are associated with

ignificant morbidity that affects ap-
roximately 20-40% of women of
hildbearing age.1 The most common
ymptom of uterine fibroids for which
reatment is sought is heavy or pro-
onged menstrual bleeding, which may
esult in iron deficiency anemia.2

hen symptoms progress and phar-
acotherapeutic options fail, surgical

ntervention may be necessary. During
he last decade, uterine artery emboli-
ation (UAE) has been greeted as a
inimally invasive treatment alterna-

rom the Departments of Radiology (Drs van
nd Gynecology (Drs van der Kooij, Hehenka
msterdam, The Netherlands; and the Institu
edical Center, Rotterdam (Dr Birnie), The N

ospitals are listed with the full-length article
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ive for surgery in the reduction of
ymptoms of heavy menstrual bleed-
ngs caused by fibroids. Several ran-
omized controlled trials compared
AE with hysterectomy and/or myo-
ectomy and found similarly good re-

ults for both interventions up to 24
onths of follow up.3-6 Earlier, we

eported on the 2-year results from
he embolization vs hysterectomy
EMMY) trial and compared clinical
esults,7 health-related quality of life
HRQOL) outcomes,8 and meno-
ausal symptoms9 between UAE and
ysterectomy. After 2 years the chance
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o avoid a hysterectomy in the UAE
roup was 76.5% while menorrhagia
nd HRQOL improved significantly,
imilarly in both groups. Both UAE
nd hysterectomy affected ovarian re-
erve in women �45 years old. Based
n these 2-year follow-up results, UAE
as considered to be a good alternative

o hysterectomy. Because fibroids may
row back, menorrhagia can recur, or
ther symptoms that warrant hysterec-
omy may emerge beyond the 2-years
f follow-up period. Herefore, we ob-
erved our cohort until 5 years after
reatment and investigated clinical and
RQOL results between UAE and hys-

erectomy as well as outcomes between
aseline and 5-year follow-up in pa-
ients from the EMMY trial.

ATERIALS AND METHODS
tudy design
he EMMY study is a multicenter, ran-
omized controlled trial, that was con-
ucted in The Netherlands. Patients who
isited the gynecologic outpatient clinics
ere invited to participate if they (1)
ere premenopausal, (2) were diag-
der
mp
te o
et

at w

cce

c M
erla

n fo
ntifi

sby
osed with uterine fibroids, (3) had
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http://www.AJOG.org
mailto:s.m.vanderkooij@amc.uva.nl


m
o
n
w
p
t

t
f
w
I
c

P
U
a
d
g

m J O

Research General Gynecology www.AJOG.org

1

enorrhagia, (4) had no other treatment
ptions than a hysterectomy, and (5) had
o desire for future pregnancy. After
ritten informed consent was obtained,
atients were allocated randomly (1:1)

TABLE 1
Baseline and procedural character

Variable

Age, ya

...................................................................................................................

Body mass index, kg/m2a

...................................................................................................................

Parity, n (%)
..........................................................................................................

0
..........................................................................................................

�1
...................................................................................................................

Ethnicity, n (%)
..........................................................................................................

Black
..........................................................................................................

White
..........................................................................................................

Other
...................................................................................................................

Marital status, n (%)
..........................................................................................................

Single
..........................................................................................................

Married
..........................................................................................................

Together but living apart
..........................................................................................................

Divorced
..........................................................................................................

Widow
...................................................................................................................

Employment status, n (%)
..........................................................................................................

Employed
..........................................................................................................

Unemployed
...................................................................................................................

Smoking status, n (%)
..........................................................................................................

Current smoker
..........................................................................................................

Former smoker
..........................................................................................................

Nonsmoker
...................................................................................................................

Highest educational level, n (%)
..........................................................................................................

Elementary school
..........................................................................................................

Lower vocational, lower secondary school
..........................................................................................................

Intermediate and higher vocational, higher
..........................................................................................................

College/university
..........................................................................................................

Other
...................................................................................................................

Previous treatment, n (%)
..........................................................................................................

None
..........................................................................................................

Hormonal
..........................................................................................................

Nonsteroidal antiinflammatory drugs/trane
..........................................................................................................

Iron supplement/blood transfusion
..........................................................................................................

Surgical procedures
...................................................................................................................

van der Kooij. UAE vs hysterectomy for uterine fibroids. A
o UAE or hysterectomy. Randomiza- o

05.e2 American Journal of Obstetrics & Gynecolo
ion was computer-based and stratified
or participating hospitals. The study
as approved by the Central Committee

nvolving Human Subjects (www.
cmo.nl) and by local ethics committees

cs
Uterine artery
(n � 88)

44.6 � 4.8
.........................................................................................................................

26.7 � 5.6
.........................................................................................................................

.........................................................................................................................

30 (34.1)
.........................................................................................................................

58 (65.9)
.........................................................................................................................

.........................................................................................................................

24 (27.3)
.........................................................................................................................

54 (61.4)
.........................................................................................................................

10 (11.4)
.........................................................................................................................

.........................................................................................................................

16 (18.2)
.........................................................................................................................

55 (62.5)
.........................................................................................................................

5 (5.7)
.........................................................................................................................

12 (13.6)
.........................................................................................................................

0
.........................................................................................................................

.........................................................................................................................

68 (77.3)
.........................................................................................................................

20 (22.7)
.........................................................................................................................

.........................................................................................................................

21 (23.9)
.........................................................................................................................

11 (12.5)
.........................................................................................................................

56 (63.6)
.........................................................................................................................

.........................................................................................................................

3 (3.4)
.........................................................................................................................

29 (33.0)
.........................................................................................................................

condary school 26 (29.5)
.........................................................................................................................

28 (31.8)
.........................................................................................................................

2 (2.3)
.........................................................................................................................

.........................................................................................................................

11 (12.5)
.........................................................................................................................

59 (67.0)
.........................................................................................................................

ic acid 45 (51.1)
.........................................................................................................................

50 (56.8)
.........................................................................................................................

17 (19.3)
.........................................................................................................................

bstet Gynecol 2010.
f participating hospitals. u

gy AUGUST 2010
rocedures
AE and hysterectomy were performed

ccording to professional standards as
escribed earlier (Table 1).7,8 In the UAE
roup, 10 patients (12.3%) underwent

bolization Hysterectomy
(n � 89)

45.4 � 4.2
..................................................................................................................

25.4 � 4.0
..................................................................................................................

..................................................................................................................

20 (22.5)
..................................................................................................................

69 (77.5)
..................................................................................................................

..................................................................................................................

20 (22.5)
..................................................................................................................

57 (64.0)
..................................................................................................................

12 (13.5)
..................................................................................................................

..................................................................................................................

13 (14.8)
..................................................................................................................

54 (61.4)
..................................................................................................................

4 (4.5)
..................................................................................................................

15 (17.0)
..................................................................................................................

2 (2.3)
..................................................................................................................

..................................................................................................................

69 (78.4)
..................................................................................................................

19 (21.6)
..................................................................................................................

..................................................................................................................

23 (25.8)
..................................................................................................................

14 (15.7)
..................................................................................................................

52 (58.4)
..................................................................................................................

..................................................................................................................

6 (6.9)
..................................................................................................................

32 (36.8)
..................................................................................................................

27 (31.0)
..................................................................................................................

22 (25.3)
..................................................................................................................

0
..................................................................................................................

..................................................................................................................

15 (16.9)
..................................................................................................................

59 (66.3)
..................................................................................................................

41 (46.1)
..................................................................................................................

52 (58.4)
..................................................................................................................

11 (12.4)
..................................................................................................................

(continued )
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ample size and endpoints
f the study
he sample size was based on the pri-
ary endpoint of the 2-year clinical

tudy, the elimination of menorrhagia
hus avoiding hysterectomy after UAE in
t least 75% of the patients after 2 years.7

o reject the null hypothesis that UAE
nd hysterectomy are not clinically
quivalent, at least 2 � 60 (� 120) ana-
yzable patients had to be included.7

ndpoints after 5 years were reinterven-
ions, menorrhagia, menopause and

enopausal symptoms, quality of life,
rinary and defecation function, and

TABLE 1
Baseline and procedural characteri

Variable

Symptoms, n (%)
..........................................................................................................

Menorrhagia
..........................................................................................................

Dysmenorrhea
..........................................................................................................

Pain (not during menstruation)
..........................................................................................................

Anemia
..........................................................................................................

Pressure symptoms
..........................................................................................................

Other symptoms
...................................................................................................................

Duration of symptoms, mob

...................................................................................................................

No. of fibroid tumorsb

...................................................................................................................

Uterine volume, cm3b

...................................................................................................................

Fibroid volume: dominant fibroid, cm3b

...................................................................................................................

Type of embolization, n
..........................................................................................................

Target embolization
.................................................................................................

Left uterine artery
.................................................................................................

Right uterine artery
..........................................................................................................

Selective embolization
.................................................................................................

Left uterine artery
.................................................................................................

Right uterine artery
...................................................................................................................

Type of hysterectomy, n
..........................................................................................................

Abdominal hysterectomy
..........................................................................................................

Vaginal hysterectomy
..........................................................................................................

Vaginal hysterectomy with morcellator
..........................................................................................................

LH with morcellator
..........................................................................................................

LAVH
...................................................................................................................

LAVH, laparoscopically assisted vaginal hysterectomy; LH, lap
Derived, with permission, from Hehenkamp et al.8

a Data are given as mean � SD; b Data are given as median (

van der Kooij. UAE vs hysterectomy for uterine fibroids. A
atisfaction with the received treatment. c
tudy measures
atients received questionnaires at base-

ine and at fixed intervals for 2 years after
reatment.8 In addition, for logistic rea-
ons, all patients received 1 question-
aire in the autumn of 2007, at a median

ollow up period of approximately 5
ears after primary treatment, which re-
ulted in a variable follow-up evaluation
n both groups. In tables and figures, the

edian of 5 years is depicted as a fixed
oint in time for both treatment arms,
espite this variation within the group.
ll questionnaires were identical, except

or the 5-year questionnaire, which was a

cs (continued)

Uterine artery
(n � 88)

.........................................................................................................................

88 (100)
.........................................................................................................................

47 (53.4)
.........................................................................................................................

15 (17.0)
.........................................................................................................................

43 (48.9)
.........................................................................................................................

23 (26.1)
.........................................................................................................................

6 (6.8)
.........................................................................................................................

24 (3–250)
.........................................................................................................................

2 (1–20)
.........................................................................................................................

321 (31–3005
.........................................................................................................................

59 (1–673)
.........................................................................................................................

.........................................................................................................................

.........................................................................................................................

65
.........................................................................................................................

59
.........................................................................................................................

.........................................................................................................................

8
.........................................................................................................................

12
.........................................................................................................................

.........................................................................................................................

2
.........................................................................................................................

1
.........................................................................................................................

1
.........................................................................................................................

—
.........................................................................................................................

—
.........................................................................................................................

opic hysterectomy.

e).

bstet Gynecol 2010.
ondensed version without the Higham s

AUGUST 2010 Americ
ictorial Chart, Euro-Quality of Life-5,
ealth Utilities Index Mark 3, sexual ac-

ivity, and body image questionnaires to
ptimize the response rate.10-15 The fol-

owing subjects were evaluated in the
-year questionnaire: additional inter-
entions between 2- and 5-year follow
p evaluation (in case of nonrespon-
ents, the patients’ general practitioners
ere contacted by telephone to check for

ny additional procedures), menstrual
haracteristics (intensity and regularity
ince UAE or no complaints because of

enopause; only in the UAE group), and
everal HRQOL measures that were as-

bolization Hysterectomy
(n � 89)

..................................................................................................................

89 (100)
..................................................................................................................

50 (56.2)
..................................................................................................................

14 (15.7)
..................................................................................................................

42 (47.2)
..................................................................................................................

25 (28.1)
..................................................................................................................

11 (12.4)
..................................................................................................................

24 (4–240)
..................................................................................................................

2 (1–9)
..................................................................................................................

313 (58–3617)
..................................................................................................................

87 (4–1641)
..................................................................................................................

..................................................................................................................

..................................................................................................................

—
..................................................................................................................

—
..................................................................................................................

..................................................................................................................

—
..................................................................................................................

—
..................................................................................................................

..................................................................................................................

63
..................................................................................................................

8
..................................................................................................................

1
..................................................................................................................

2
..................................................................................................................

1
..................................................................................................................
sti
em

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

)
......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

......... .........

arosc

rang
essed by validated questionnaires.
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enopausal symptoms were queried by
he Kupperman score as modified by

iklund et al.16 Scores may range from

FIGURE 1
Trial profile

rofile represents the flow of patients through th
RI, magnetic resonance imaging; UAE, uterine artery embolizati

an der Kooij. UAE vs hysterectomy for uterine fibroids. Am J
–51; higher scores represent more seri- p

05.e4 American Journal of Obstetrics & Gynecolo
us menopausal symptoms. In addition
e inquired whether patients believed

hemselves to be in or beyond meno-

ial.

tet Gynecol 2010.
ause. Generic HRQOL was assessed by t

gy AUGUST 2010
he Medical Outcome Study Short Form
6 (SF-36).17,18 The SF-36 can be divided
nto the physical component summary
core (PCS) and the mental component
ummary score (MCS).19 Scores may
ange from 0 –100 (100 indicates the op-
imal score) and were validated for the
utch population. The Urogenital Dis-

ress Inventory (UDI)20,21 was used to
nvestigate urinary symptoms. UDI
cores range from 0 –100; higher scores
ndicate worse functioning. For defeca-
ion complaints, the Defecation Distress
nventory (DDI) was used,22 with scores
anging from 0 –100; higher scores are
ess favorable. Patients were asked to rate
he overall quality of their urinary and
tool function as “very good,” “good,”
fairly good,” “not good or bad,” “fairly
ad,” “bad,” or “very bad.” Further-
ore, the use of pads for urinary incon-

inence or of laxatives was registered.
atients were asked to indicate how sat-

sfied they were with the received treat-
ent: “very satisfied,” “satisfied,” “fairly

atisfied,” “not satisfied or unsatisfied,”
fairly unsatisfied,” “unsatisfied,” or
very unsatisfied.” We also inquired
hether patients would recommend the
rimary treatment to a friend. Finally,
e asked women whether they would in-
eed have chosen the assigned treatment
gain if they had had the opportunity to
o so.

tatistical analysis
nalyses were done with SPSS statistical

oftware (version 16.0; SPSS Inc, Chi-
ago, IL). Study outcomes were analyzed
ccording to original treatment assign-
ent (intention to treat). Reinterven-

ions were also analyzed according to
er-protocol analysis. A Kaplan-Meier
urve was constructed to show the distri-
ution of the secondary hysterectomies
ver time. Differences in categoric data
ere compared with �2 test or Fisher’s

xact tests, if appropriate. The Student t
est (or Mann-Whitney test, when appli-
able) assessed differences in numeric
ata. A probability value of � .05 was
onsidered statistically significant. Pre-
ictors for failure (secondary hysterec-
omy) were tested by logistic regression
nalysis. In this analysis, baseline charac-
e tr
on.

Obs
eristics (Appendix) were included for
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TABLE 2
Reinterventions in UAE and hysterectomy group until 2 and 5 years after initial treatment

Primary
intervention Secondary intervention Reason for intervention

Time since
primary
intervention, mo

UAE
................................................................................................................................................................................................................................................................................................................................................................................

1 Abdominal hysterectomy Bilateral failure UAE �1
.......................................................................................................................................................................................................................................................................................................................................................................

2 Abdominal hysterectomy Bilateral failure UAE �1
.......................................................................................................................................................................................................................................................................................................................................................................

3-1 Abdominal hysterectomy Bilateral failure UAE �1
.......................................................................................................................................................................................................................................................................................................................................................................

3-2 Laparoscopic reconstruction surgery Incisional hernia 9
.......................................................................................................................................................................................................................................................................................................................................................................

4 Vaginal hysterectomy with morcellation Bilateral failure UAE �1
.......................................................................................................................................................................................................................................................................................................................................................................

5-1 Failed attempt to hysteroscopically remove fibroid Persistent abdominal pain/myoma
nascens

1

.......................................................................................................................................................................................................................................................................................................................................................................

5-2 Hysteroscopic myoma resection converted to vaginal
hysterectomy

Menorrhagia 20

.......................................................................................................................................................................................................................................................................................................................................................................

6 Manual resection fibroid Discharge, fever, persistent
abdominal pain/myoma nascens

2

.......................................................................................................................................................................................................................................................................................................................................................................

7 Abdominal hysterectomy Menorrhagia, persistent
abdominal pain

5

.......................................................................................................................................................................................................................................................................................................................................................................

8 Abdominal hysterectomy Menorrhagia 6
.......................................................................................................................................................................................................................................................................................................................................................................

9 Abdominal hysterectomy Menorrhagia, persistent
abdominal pain, bulk complaints

7

.......................................................................................................................................................................................................................................................................................................................................................................

10 Abdominal hysterectomy Menorrhagia 7
.......................................................................................................................................................................................................................................................................................................................................................................

11 Abdominal hysterectomy Persistent abdominal pain,
irregular menstruation

10

.......................................................................................................................................................................................................................................................................................................................................................................

12 Vaginal hysterectomy Menorrhagia, persistent
abdominal pain, dyspareunia

12

.......................................................................................................................................................................................................................................................................................................................................................................

13-1 Diagnostic hysteroscopy with curettage Postmenstrual blood loss 12
.......................................................................................................................................................................................................................................................................................................................................................................

13-2 Abdominal hysterectomy Irregular cycle, pain, bulk
complaints

13

.......................................................................................................................................................................................................................................................................................................................................................................

14 Abdominal hysterectomy Menorrhagia, bulk complaints 13
.......................................................................................................................................................................................................................................................................................................................................................................

15 Abdominal hysterectomy Menorrhagia 13
.......................................................................................................................................................................................................................................................................................................................................................................

16 Laparoscopic-assisted vaginal hysterectomy Menorrhagia 15
.......................................................................................................................................................................................................................................................................................................................................................................

17 Abdominal hysterectomy Menorrhagia 17
.......................................................................................................................................................................................................................................................................................................................................................................

18 Vaginal hysterectomy Menorrhagia 17
.......................................................................................................................................................................................................................................................................................................................................................................

19 Abdominal hysterectomy Menorrhagia 20
.......................................................................................................................................................................................................................................................................................................................................................................

20 Abdominal hysterectomy Menorrhagia 24
.......................................................................................................................................................................................................................................................................................................................................................................

21 Laparoscopic myomectomy Menorrhagia 25
.......................................................................................................................................................................................................................................................................................................................................................................

22 Abdominal hysterectomy Menorrhagia 36
.......................................................................................................................................................................................................................................................................................................................................................................

23 Curettage Menorrhagia 37
.......................................................................................................................................................................................................................................................................................................................................................................

24 Abdominal hysterectomy Menorrhagia 44
.......................................................................................................................................................................................................................................................................................................................................................................

25 Endometrium ablation Menorrhagia 47
.......................................................................................................................................................................................................................................................................................................................................................................

26 Hysteroscopic polypectomy Menorrhagia 48
.......................................................................................................................................................................................................................................................................................................................................................................

27 Abdominal hysterectomy Menorrhagia 48
.......................................................................................................................................................................................................................................................................................................................................................................

28 Abdominal hysterectomy Menorrhagia 63
................................................................................................................................................................................................................................................................................................................................................................................
van der Kooij. UAE vs hysterectomy for uterine fibroids. Am J Obstet Gynecol 2010. (continued )
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ultiple regression analysis whenever
nivariate analysis revealed probability
alues of � .1. In the multiple regression
nalysis, a probability value of � .05 was
onsidered statistically significant. Re-
eated measurements analysis was used
o evaluate longitudinal differences in

CS, PCS, DDI, UDI, and Wiklund
cores between treatment strategies with
ime as repeated factor. Self-reported
uality of urinary and stool function at
ollow-up evaluation was compared with
aseline and yielded 1 of 3 possible an-
wers: worse, the same, or better. Logistic
egression analysis was performed to test
he impact of improvement in SF-36

CS and PCS on satisfaction at 5 years
“very satisfied” and “satisfied” vs “mod-
rately satisfied” and “very unsatisfied”).
o evaluate the impact of baseline vari-
bles (Appendix) on the change in MCS,
CS, UDI and DDI at 5 years compared
ith baseline, multiple linear regression

nalysis was performed for those vari-
bles that yielded probability values of

.1 in the univariate analysis. Nonre-
ponders were not included in the
nalyses.

ESULTS
atients
atients were enrolled between March
002 and February 2004. In the hysterec-

TABLE 2
Reinterventions in UAE and hystere

Primary
intervention Secondary interventio

Hysterectomy
..........................................................................................................

1-1 Adhesiolysis by laparoto
..........................................................................................................

1-2 Bilateral adnextirpation
..........................................................................................................

2 Fistula repair with Latzk
..........................................................................................................

3 Reconstruction surgery
..........................................................................................................

4 Adhesiolysis and cystec
..........................................................................................................

5 Diagnostic laparoscopy
..........................................................................................................

6 Ovariectomy
..........................................................................................................

7 Suburethral sling proce
..........................................................................................................

8 Reconstruction surgery
...................................................................................................................

UAE, uterine artery embolization.
Derived, with permission, from Volkers et al.7

van der Kooij. UAE vs hysterectomy for uterine fibroids. A
omy group, 75 women received the al- U

05.e6 American Journal of Obstetrics & Gynecolo
ocated treatment vs 81 in the UAE
roup. Table 1 lists the baseline charac-
eristics of the participating patients,
hich include myoma characteristics; all

haracteristics were not significantly dif-
erent. Figure 1 shows the flow of pa-
ients through the trial: 93% of the

ailed 5-year questionnaires were re-
urned, with a median follow-up period
f 59 months, ranging from 47-73
onths (UAE: median, 60 months

range, 49 –73 months]; hysterectomy:
edian, 58 months [range, 47–71
onths]). The median age of all patients
hen responding to the 5-year question-
aire was 50 years, ranging from 39-63
ears (UAE: median, 49 years [range,
9 – 63 years]; hysterectomy: median, 49
ears [range, 40 –59 years]).

linical outcome
einterventions

n addition to the 19 secondary hysterecto-
ies (23.5%) that were performed in the
AE group in the first 2 years,7 another 4
ysterectomies were required between 2
nd 5 years, all because of insufficient im-
rovement of bleeding complaints (Table
). This adds up to a total of 23 secondary
ysterectomies after a median follow up of
years (28.4%). Distribution over time is
resented in Figure 2. Per protocol analysis
howed that, after a technically successful

my group until 2 and 5 years after in

Reason for i

.........................................................................................................................

Persistent ab
.........................................................................................................................

Persistent ab
.........................................................................................................................

chnique Vesicovagina
.........................................................................................................................

Incisional her
.........................................................................................................................

y by laparotomy Persistent ab
.........................................................................................................................

Persistent ab
.........................................................................................................................

Persistent ab
.........................................................................................................................

Stress incont
.........................................................................................................................

Cosmetic
.........................................................................................................................

bstet Gynecol 2010.
AE, 19 of 77 patients underwent a sec- b

gy AUGUST 2010
ndary hysterectomy (24.7%). Of the 10
omen who underwent unilateral UAE, 3
omen underwent a hysterectomy, all
ithin the first 2 years of follow up. Multi-
le regression analysis of failures within 5
ears revealed only a higher body mass in-
ex to be associated with failed UAE (odds
atio, 1.12; 95% confidence interval [CI],
.02–1.24; P � .02). All additional inter-
entions that were performed after UAE,
ncluding hysterectomies, are listed in Ta-
le 2. Twelve women in the UAE group
sed medication (tranexamic acid/oral
ontraception/levonorgestrel intrauterine
evice) to remedy still symptomatic men-
rrhagia (Table 3). After 5 years 8 of 75 of
he women (10.7%) in the hysterectomy
roup needed reintervention (Table 2).

leeding characteristics
able 3 shows various bleeding charac-

eristics of the UAE group. On average
enorrhagia decreased over time. After
years, 67 of 81 women (82.7%) were

ither symptom-free (n � 58) or re-
orted great (n � 4) or moderate (n � 5)

mprovement. Of the 58 women who still
ad their uterus after 5 years, 44 women
75.9%) were symptom free or reported
reat or moderate improvement; 8
omen (13.8%) reported their menstrual
leeding to be unchanged, compared with

al treatment (continued)

rvention

Time since
primary
intervention, mo

..................................................................................................................

inal pain 4
..................................................................................................................

inal pain 11
..................................................................................................................

tula 7
..................................................................................................................

9
..................................................................................................................

inal pain 23
..................................................................................................................

inal pain 24
..................................................................................................................

inal pain 38
..................................................................................................................

ce 50
..................................................................................................................

54
..................................................................................................................
cto iti

n nte

......... .........

my dom
......... .........

dom
......... .........

o te l fis
......... .........

nia
......... .........

tom dom
......... .........

dom
......... .........

dom
......... .........

dure inen
......... .........

......... .........
aseline. In this group, 10 women reported
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ot experiencing menorrhagia anymore
ecause of menopause.

enopause
atients were asked the question: do you

eel that you are in or beyond menopause?
n the UAE group 34.6% of the women
nd in the hysterectomy group 47.1% of
he women answered “yes,” which is sig-
ificantly different (P � .03). The mean
iklund score for menopausal symptoms

f both treatments is plotted over time in
igure 3. Within group analysis revealed a
ignificant increase in the hysterectomy
roup from baseline to 5 years (P � .04).
he UAE group did not show a significant

ncrease (P � .43). Repeated measure-
ents analysis showed no differences be-

FIGURE 2
Kaplan-Meier curve for preservatio

urve represents preservation of the uterus after
he last follow-up moment.
AE, uterine artery embolization.

an der Kooij. UAE vs hysterectomy for uterine fibroids. Am J
ween the groups after 5 years. g
uality of life outcomes
eneric HRQOL
igure 4, A and B, display mental health
nd physical health scores throughout
he study period for both groups. Results
o the 2-year follow-up evaluation were
escribed earlier.8 Repeated measurement
nalysis shows no differences between the
roups during the 5-year follow-up period
or both the MCS and PCS scores. Table 4
hows the differences in PCS and MCS be-
ween and within groups over time. With-
n-group analysis in the hysterectomy
roup revealed significantly worse physical
ealth after 5 years compared with 2 years
P � .01), although mental health re-
ained stable (P � .34). Within the UAE

f the uterus after UAE

. Censored means that a patient was lost to follo

tet Gynecol 2010.
roup, no differences over time were noted g

AUGUST 2010 Americ
MCS, P � .36; PCS, P � .18). In the mul-
ivariate analysis, none of the baseline vari-
bles was associated with improvement of
F-36 MCS scores at 5 years. The increase
n SF-36 PCS score after 5 years was influ-
nced positively by a hemoglobin level that
as �12.0 g/dL at baseline (� � 8.50; 95%
I, 3.28–13.6; P � .002) and age (� �
0.51 per year; 95% CI, –0.87 to –0.15;
� .006): having a low hemoglobin level

t baseline resulted in more improvement
n PCS; older women had less improve-

ent in PCS scores at 5 years.

rinary and defecation function
igure 4, C, depicts urinary function
UDI). Repeated measurements analysis
howed no differences between the

p and had not undergone a hysterectomy before
n o

UAE w u

Obs
roups after 5 years. After 6 months, the

an Journal of Obstetrics & Gynecology 105.e7
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1

DI score stabilized in both groups at a
ontinuously significant higher level
ompared with baseline until 5 years af-
er treatment without any significant dif-
erences between groups (Table 4). Def-
cation function (DDI) is shown in
igure 4, D. In the UAE group, a persis-
ent significant improvement from 6

onths onward was found. In the hys-
erectomy group, no significant changes
ere demonstrated compared with base-

ine. After 5 years, repeated measure-
ents analysis showed the UAE group to

FIGURE 3
Wiklund score

he graph represents the Wiklund score for
enopausal symptoms until 5 years of follow up.
cores range from 0–51; the higher scores rep-
esent more serious menopausal symptoms.
AE, uterine artery embolization.

an der Kooij. UAE vs hysterectomy for uterine fibroids.
m J Obstet Gynecol 2010.

TABLE 3
Menstruation changes to 5 years a
Variable, n (%)

Menorrhagia
..........................................................................................................

Symptom freea

..........................................................................................................

Great improvement
..........................................................................................................

Moderate improvement
..........................................................................................................

Unchanged
..........................................................................................................

Worse
...................................................................................................................

Additional treatment for menorrhagia
..........................................................................................................

Tranexamic acid
..........................................................................................................

Oral contraception
..........................................................................................................

Levonorgestrel intrauterine device
...................................................................................................................

Amenorrhea
..........................................................................................................

Because of hysterectomy
..........................................................................................................

Because of self-reported menopause
...................................................................................................................

UAE, uterine artery embolization.
a Includes 23 hysterectomies.

van der Kooij. UAE vs hysterectomy for uterine fibroids. A
(

05.e8 American Journal of Obstetrics & Gynecolo
ave significantly better defecation func-
ion than the hysterectomy group. A
maller number of fibroid tumors was
ssociated with improved UDI scores af-
er 5 years (� � –3.87; 95% CI, – 6.29 to
1.44; P � .02); the intended treatment
embolization) was associated with im-
rovement of the DDI score after 5 years
� � –12.65; 95% CI, –22.08 to –3.22;

� .01). For the variables UAE and
ime, a significant interaction effect was
hown in the repeated measurements on
DI scores. Urinary incontinence was
resent at baseline in 18.5% of UAE pa-
ients vs 14.7% of hysterectomy patients
P � .52). After 5 years, urinary inconti-
ence was reported by 27.2% of UAE pa-

ients vs 22.7% of hysterectomy patients
P � .31). After 5 years, most patients in
oth groups reported a similar or im-
roved quality of urinary or defecation

unction compared with baseline (UAE,
0.4% and 67.9%; hysterectomy, 77.3%
nd 61.3%), without significant differ-
nces between groups (P � .20 and .61,
espectively). The use of laxatives de-
reased over time in the UAE group only
from 9.7% at baseline to 1.3% at 2
ears).8 However, after 5 years, an in-
reased use of laxatives was found

r UAE (intention to treat)
60 mo (n � 81)

..................................................................................................................

58 (71.6)
..................................................................................................................

4 (4.9)
..................................................................................................................

5 (6.2)
..................................................................................................................

8 (9.9)
..................................................................................................................

0
..................................................................................................................

..................................................................................................................

2 (2.5)
..................................................................................................................

3 (3.7)
..................................................................................................................

7 (8.6)
..................................................................................................................

..................................................................................................................

23 (28.4)
..................................................................................................................

10 (12.3)
..................................................................................................................

bstet Gynecol 2010.
13.3%). In the hysterectomy group, this t

gy AUGUST 2010
roportion was stable at 5.8%, with an
ncrease after 5 years to 8.7%. After 5
ears, 17.3% of women in the UAE
roup and 10.0% of women in the hys-
erectomy group used incontinence pads
P � .23).

atisfaction
fter 5 years, most patients were (very)

atisfied about the received treatment
ie, 85.3% of women in the UAE vs
8.6% of women in the hysterectomy
roup (P � .37; Table 5). Logistic regres-
ion analysis showed none of the vari-
bles to be associated with satisfaction
evels at 5 years after treatment. In the
ysterectomy group, 62 of 70 women
88.6%) would advise a friend to have a
ysterectomy. In the UAE group, 61 of
9 women (77.2%) would recommend
AE to their friends (P � .07). Most
omen expressed a preference for the

ctual received treatment (56/79 women
70.8%] from the UAE group preferred
AE; 44/70 women [62.9%] from the
ysterectomy group preferred hysterec-
omy; P � .10).

OMMENT
his article describes the results of a

arge, long-term, randomized trial that
ompared UAE with hysterectomy in the
reatment of menorrhagia in the pres-
nce of uterine fibroids. After a median
f 5 years, 23 hysterectomies (28.4%)
ere performed in the UAE group, all
ecause of uncontrolled menorrhagia.
he success rate of 71.6% (or 76.5% after
technically successful UAE procedure)

s comparable to prospective uncon-
rolled single arm UAE studies23,24 but
ower than those reported in retrospec-
ive studies.25-27 This may be explained
y the fact that our patients could partic-

pate only in the EMMY study when se-
ere bleeding complaints were present,
hile other treatment options had failed.

n contrast to other studies, all our pa-
ients had a classic indication for hyster-
ctomy and were indeed willing to un-
ergo surgery. Because 82.6% (19/23) of
he secondary hysterectomies in this
tudy occurred within 2 years after UAE,
ot undergoing a hysterectomy in the
rst 2 years after UAE might be a predic-
fte

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........

.........
or for being long-term hysterectomy
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ree. This corresponds with other data.23

ome studies have pointed out that fail-
re rates are likely to increase whenever
ilateral embolization cannot be per-
ormed.25,28 In our study, 10 women un-
erwent unilateral UAE. Three of them
ventually underwent hysterectomy, all
ithin the 2-year follow-up period. This
ercentage (3/10) of secondary hysterec-
omies is more or less the same as in bi-
ateral embolization in this study group,
hich does not underline the higher per-

entage of failure in unilateral emboliza-
ion. Our finding that a high body mass
ndex at baseline is a predictor for failure
f UAE is a new finding that might be of

mportance when a patient is being
ounseled for UAE. However, the risk for
bese patients to undergo surgery is ex-
ensive also. The gynecologist should
alance the risks and benefits of both op-
ions with the individual patient.

Control of bleeding of women in the
AE group who still had their uterus af-

er 5 years in our study was 75.9%. Al-
hough failure was defined strictly as a
econdary hysterectomy, 12 patients in
he UAE group still needed to use medi-
ation to remedy menorrhagia, and 8 of
hem showed no improvement of men-
rrhagia; these women are potential can-
idates for reintervention. For this rea-
on, we will approach them after another

years to establish the definitive long-
erm failure rate of UAE in this trial. Ev-
dently even a hysterectomy does not
uarantee an intervention-free life; in
ur study, 10.7% of patients in the
ysterectomy group needed a reinter-
ention, most of them because of com-
lications caused by the hysterectomy
adhesiolysis, a vesicovaginal fistula, or
econstruction surgery). Some studies
ven demonstrate that women after a
ysterectomy are at higher risk for pelvic
oor repair,29 which underlines the rein-

ervention risk after a hysterectomy to be
resent. However, this could not be

ound in our study; the UDI did not
how a difference in complaints between
he UAE and the hysterectomy group.
varian failure after UAE is a well-rec-
gnized complication that may result
rom inadvertent embolization of utero-
varian collateral vessels.30,31 Earlier we

howed both UAE and hysterectomy to o
ffect ovarian reserve.9 As a conse-
uence, especially those women �45
ears old seem to be at higher risk than
omen without UAE/hysterectomy for
ecoming menopausal after both inter-
entions. In our 5-year analysis, how-
ver, in the hysterectomy group, a higher
ercentage of patients reported subjec-
ively to believe that they were beyond

enopause than in the UAE group. This
ight be explained by the absence of ob-

ective symptoms (ie, menstrual periods)
n women who had a hysterectomy and
herefore might be biased, although it
an provide an indication. The Wiklund
core (evaluating the menopausal symp-
oms instead of bleeding) did not show a
ifference in menopause between both
roups after 5 years. Comparing HRQOL,
e showed that the main increase in
RQOL occurred in the first months after

reatment8 and remained stable for 5 years
ithout showing differences between the
roups. Hemoglobin level �12.0 g/dL and
ge at baseline were predictive of PCS in-
rease; worse physical condition at base-
ine (low hemoglobin level and being

FIGURE 4
Graphs show scores until 5 years o

, Short Form 36 (SF-36 ): Mental Component S
ean a better mental quality of life); B, Short Form

ange from 0 –100 (higher scores mean a bet
nventory (UDI ): scores range from 0–100 (highe
istress Inventory (DDI ): scores range from 0–1
AE, uterine artery embolization.

an der Kooij. UAE vs hysterectomy for uterine fibroids. Am J
lder) predicted a higher increase in phys- e

AUGUST 2010 Americ
cal condition after 5 years. Apparently,
hese patients had the most to gain in the
ong-term. Higher age at baseline that pre-
icted a worse physical condition probably
eflects the normal decline in physical
unction that comes with age. For clinical
ractice, this substantiates that the best in-
ication for treatment is heavy symptoms
t baseline. Evident differences between
he 2 groups in urinary function were not
bserved during the 5-year follow-up pe-
iod; both groups showed a comparable
mprovement. A positive effect of hyster-
ctomy on urinary function has been de-
cribed before;32 the positive effect of UAE
n urinary function, however, is a new
nding. Defecation function only im-
roved in the UAE group. After 5 years,
his group had a significantly better defeca-
ion function than the hysterectomy
roup, which did not show an increase or a
ecrease in defecation function. The posi-
ive effect of UAE on defecation function is
nother new finding that has not been de-
cribed before. The increasing use of laxa-
ives in the UAE group from 1.3-13.3% is a
ery contradictory finding. The possible

ollow-up evaluation

mary: scores range from 0–100 (higher scores
(SF-36 ): Physical Component Summary; scores
physical quality of life); C, Urogenital Distress
cores indicate worse functioning); D, Defecation
(higher scores indicate worse functioning).

tet Gynecol 2010.
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1

escribed after UAE might explain this.33

dditionally, the subjective change in
verall quality of defecation, compared
ith baseline, was not reported to be dif-

erent between both groups, which makes
he huge difference in (the objective) DDI
fter 5 years difficult to ground. From 2
ears onward, in both groups, a mild but
ignificant deterioration in urinary and
efecation function was found, which
robably can be ascribed to the effect of

ncreasing age on the prevalence of pelvic
oordysfunction.34 Thenumberoffibroid

umors appeared to be the only predictor
or UDI improvement, which probably is
xplained by the mechanical effect of en-
arged fibroid uteri. Satisfaction, treatment
reference (for the received treatment),
ndrecommendationof thereceivedtreat-
ent to a friend were all similarly good in

oth groups without differences between
hem, which confirms earlier findings.35

hese findings support that patients per-
eive both treatment alternatives as accept-
ble options. Despite the accumulating
eneficial evidence from randomized tri-
ls, the implementation of UAE as an alter-
ative to hysterectomy in gynecologic
ractice is relatively slow. In Europe, it is
stimated that �5% (Cardiovascular and
nterventional Radiological Society of Eu-
ope survey 2008, unpublished data) po-
ential UAE candidates are being offered
his alternative, and most women who un-
ergo UAE seem to be those who discov-
red this alternative to surgery through the
nternet. In conclusion, UAE is a proven
aluable treatment alternative for surgery
n women with symptomatic uterine fi-
roids. In view of the currently available
vidence, the time is ripe to counsel all
omen who are candidates for hysterec-

omy for their symptomatic uterine fi-
roids on the possibility of UAE. In 5 years,

n 71.6% of all women who underwent
AE, a hysterectomy was avoided, and

here was no difference in HRQOL be-
ween groups. Besides this, one has to keep
n mind that there might be a chance that,
nstead of a hysterectomy, a less invasive
ntervention or the use of medication may
e needed, which is reflected in the num-
er of patients who reported their menor-
hagia complaints as unchanged com-
ared with baseline. However, because
these women chose not to have a second-

05.e10 American Journal of Obstetrics & Gynecology AUGUST 2010
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ry hysterectomy so far, the chance would
nly increase that they would continue not
o request one in the future. The mean age
f our patient group is 50 years now, and
enopause is looming. Of course, this is

ot a certainty and can be certified only by
bservation of this patient group until
enopause. f
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TABLE 5
Satisfaction until 5 years after UAE

Variable

12 mo7

UAE
(n � 81)

Hy
(n

Very satisfied 29 48
...................................................................................................................

Satisfied 21 14
...................................................................................................................

Moderately satisfied 18 3
...................................................................................................................

Not satisfied nor unsatisfied 5 3
...................................................................................................................

Moderately unsatisfied 3 1
...................................................................................................................

Unsatisfied 1 1
...................................................................................................................

Very unsatisfied 1 0
...................................................................................................................

UAE, uterine artery embolization.
Derived, with permission, from Volkers et al.7
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APPENDIX

Predictors for failure

Age (continuous)
...................................................................................................................

Ethnicity (white as reference category)
...................................................................................................................

Body mass index (continuous)
...................................................................................................................

Parous (yes/no)
...................................................................................................................

Smoking (yes/no)
...................................................................................................................

Comorbidity (yes/no)
...................................................................................................................

Previous surgical treatment (yes/no)
...................................................................................................................

Previous hormonal treatment (yes/no)
...................................................................................................................

Duration of menorrhagia symptoms (� or �1
...................................................................................................................

Hemoglobin level (continuous)
...................................................................................................................

Anemia (yes/no)
...................................................................................................................

No. of fibroid tumors (continuous)
...................................................................................................................

Uterine volume (continuous)
...................................................................................................................

Dominant fibroid volume (continuous)
...................................................................................................................

Location of dominant fibroid (submucosal, sub
classified)
...................................................................................................................

Flow in dominant fibroid using ultrasound (hyp
or hypovascular)
...................................................................................................................

T2 signal intensity on magnetic resonance im
isointens, hypointens, mixed)
...................................................................................................................

Radiologist’s experience
...................................................................................................................

Concomitant adenomyosis
...................................................................................................................

HRQOL, health related quality of life; MCS, Mental Componen

van der Kooij. UAE vs hysterectomy for uterine fibroids. A
Effect of baseline variables on HRQOL

Age (continuous)
.............................................................................................................................................................................................................................................................

Ethnicity (white as reference category)
.............................................................................................................................................................................................................................................................

Body mass index (continuous)
.............................................................................................................................................................................................................................................................

Parous (yes/no)
.............................................................................................................................................................................................................................................................

Smoking (yes/no)
.............................................................................................................................................................................................................................................................

Comorbidity (yes/no)
.............................................................................................................................................................................................................................................................

Previous surgical treatment (yes/no)
.............................................................................................................................................................................................................................................................

Any previous treatment (yes/no)
.............................................................................................................................................................................................................................................................

y) Duration of menorrhagia symptoms (continuously)
.............................................................................................................................................................................................................................................................

Previous iron-substitution therapy/blood transfusion (yes/no)
.............................................................................................................................................................................................................................................................

Anemia before treatment (yes/no)
.............................................................................................................................................................................................................................................................

No. of fibroid tumors (continuous)
.............................................................................................................................................................................................................................................................

Uterine volume (continuous)
.............................................................................................................................................................................................................................................................

Intended treatment (UAE/hysterectomy)
.............................................................................................................................................................................................................................................................

serosal, intramural, not Educational level (intermediate level or higher vs lower level)

.............................................................................................................................................................................................................................................................

ovascular, isovascular, Married (yes/no)

.............................................................................................................................................................................................................................................................

aging (hyperintens, Paid work (yes/no)

.............................................................................................................................................................................................................................................................

Baseline SF-36 MCS (continuously, not on MCS change outcome)
.............................................................................................................................................................................................................................................................

Baseline SF-36 PCS (continuously, not on PCS change outcome)
.............................................................................................................................................................................................................................................................

t Summary; PCS, Physical Component Summary; SF-36, Short Form 36; UAE, uterine artery embolization.
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