DOI: 10.1111/j.1471-0528.2007.01526.x
www.blackwellpublishing.com/bjog

General gynaecology

A UK multicentre retrospective cohort study
comparing hysterectomy and uterine artery
embolisation for the treatment of symptomatic

uterine fibroids (HOPEFUL study): main results
on medium-term safety and efficacy

S Dutton,? A Hirst,> K McPherson,¢ T Nicholson,9 M Mareshe

2 Centre for Statistics in Medicine, Wolfson College, University of Oxford and ® CTSU, University of Oxford, Oxford, UK

¢Nuffield Department of Obstetrics and Gynaecology, John Radcliffe Hospital, Oxford, UK ¢ Department of Radiology, Leeds General
Infirmary, Leeds, UK ¢ Department of Obstetrics and Gynaecology, St Mary’s Hospital for Women and Children, Central Manchester

and Manchester Children’s University Hospitals NHS Trust, Manchester, UK

Correspondence: Mrs S Dutton, Centre for Statistics in Medicine, Wolfson College, University of Oxford, Linton Road, Oxford OX2 60D, UK

Email susan.dutton@cancer.org.uk

Accepted 21 August 2007.

Objectives Comparison of medium-term safety and efficacy of
hysterectomy and uterine artery embolisation (UAE) for
symptomatic uterine fibroids.

Design Multicentre retrospective cohort.
Setting 18 UK NHS hospital trusts.

Participants Four hundred and fifty nine women who had
hysterectomy within a national audit during 12 months from
October 1994 (VALUE study) (average follow up of 8.6 years) and
649 women receiving UAE from 1996 to 2002 (average follow up
of 4.6 years).

Methods Clinical data from existing hospital records and patient
completed postal questionnaires.

Main outcome measures Complication rates, side effects of
embolisation, satisfaction with treatment, relief from symptoms
and requirement for further fibroid treatment.

Results Fewer complications were experienced by women receiving
UAE (19 versus 26% hysterectomy, P = 0.001), the adjusted odds
ratio for UAE versus hysterectomy was 0.48 (95% CI 0.26-0.89).

One-third of women undergoing UAE experienced anticipated
general side effects associated with the procedure. More women in
the hysterectomy cohort reported relief from fibroid symptoms
(95 versus 85%, P < 0.0001) and feeling better (96 versus 84%,

P < 0.0001), but only 85% would recommend the treatment to

a friend compared with 91% in the UAE arm (P = 0.007). There
was a 23% (95% CI 19-27%) chance of requiring further
treatment for fibroids after UAE. Twenty-seven women who had
had UAE reported 37 pregnancies after treatment resulting in 19
live births.

Conclusions UAE results in fewer complications than
hysterectomy. Side effects after embolisation should be anticipated,
and almost one-quarter of women having UAE were likely to
require further treatment for fibroid symptoms. Both treatments
appear to be safe and effective over the medium term, and the
choice of treatment may be a matter of personal preference for
each individual woman.

Keywords Complications, embolisation, hysterectomy, uterine

fibroids.
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Introduction

Uterine fibroids (lelomyomata) are benign tumours of
smooth muscle cells and fibrous connective tissue that
develop within the wall of the uterus, occurring with clinical

significance in 20-40% of women of childbearing age.! The
actiology and pathogenesis of fibroids is not fully understood,
but their occurrence during the female reproductive lifespan
indicates an association with the hormones estrogen and pro-
gesterone. Prevalence of clinically significant fibroids peaks in
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the perimenopausal years declining after the menopause.?
Most fibroids cause no symptoms and are an incidental find-
ing during a clinical or ultrasound examination. Such fibroids
require no treatment other than monitoring. However, uterine
fibroids are responsible for significant morbidity in the
female population. The most common symptoms are associ-
ated with menstruation and include heavy menstrual bleeding
(menorrhagia), which may lead to iron deficiency anaemia
and dysmenorrhoea. Fibroids also cause a variety of other
symptoms due to their bulk or pressure upon adjacent organs,
particularly the bladder, causing varying urinary symptoms.

No pharmacological intervention is known to have a long-
term effect on symptoms of fibroids,’ although it is possible to
use gonadotrophin-releasing hormone agonists with add-
back therapy in the short to medium term in specific instan-
ces. The standard treatment for symptomatic uterine fibroids
has been hysterectomy (surgical removal of the uterus,
including the fibroid[s]). Myomectomy (surgical removal of
the fibroid[s] only) has also been an alternative treatment for
symptomatic fibroids. During the mid-1990s, a minimally
invasive uterus-conserving treatment was described known
as uterine artery embolisation (UAE).* Evidence from a few
small randomised controlled trials suggests that UAE is a safe
and effective treatment up to 12 months, with a shorter hospital
stay and quicker resumption to daily activities than hysterec-
tomy.> 1! The US fibroid registry was established to examine
long-term effects of UAE prospectively and early results with 12
month follow up have led the authors to conclude that UAE is
a low-risk procedure with little variability in adverse events
based on patient demographics or practice setting.!>"1>

The long-term safety and efficacy of UAE remains poorly
understood.’®!® The HOPEFUL (Hysterectomy Or Percuta-
neous Embolisation For Uterine Leiomyomata) study was
commissioned by the UK NHS Health Technology Assess-
ment (HTA) programme (www.hta.nhsweb.nhs.uk/) as a
pragmatic study to investigate and compare UAE and hyster-
ectomy retrospectively over the medium term with regard to
safety, efficacy, cost-effectiveness and women’s own perspec-
tives on the treatments. A full report is in preparation for
publication by the HTA in early 2008.2° Cost-effectiveness
analyses?! and qualitative analyses are described in that
report. The objective of this paper was to report the study
methods and main results related to the quantitative data
comparing safety and efficacy of the two treatments.

Methods

The HOPEFUL study is a pragmatic multicentre retrospective
cohort design comparing the experiences of two representative
cohorts of women who received one of two alternative treat-
ments for symptomatic fibroids from the mid-1990s. There was
no exclusions by age, other medical conditions or any other
variable, as the study population was intended to represent

UK experience at that time. The hysterectomy cohort under-
went their index treatment in the 12 months beginning from
October 1994 as part of a national audit of hysterectomies in
England (VALUE study).?® These women were recruited from
the nine VALUE centres that had performed the most hyster-
ectomies for uterine fibroids to maximise patient numbers and
for pragmatic reasons to minimise the number of centres for
hospital-based data collection. The majority of the hysterec-
tomies were total abdominal (86.7%), with the remainder
being subtotal (5.0%), vaginal (5.2%) or laparoscopically assis-
ted vaginal (2.6%). There was insufficient power to analyse
these small subgroups separately. The women who underwent
UAE were treated in ten centres (nine in England and one in
Scotland) by interventional radiologists who had pioneered its
use since 1996 and all received their index UAE prior to the end
of 2002. We were able to locate 1734 eligible women, 972
treated with embolisation and 762 with hysterectomy.

All consultants responsible for the patients identified either
in the hysterectomy or in the UAE cohorts acted as local
Principal Investigators (PI) for the study. A formal participa-
tion agreement was signed for each centre between the local
PIs, the participating NHS Trust R&D Directors and the Uni-
versity of Oxford. Temporary researchers were employed
within each of the collaborating hospitals to collect clinical
data according to the study protocol.

Overall ethical approval for the HOPEFUL study was
obtained from the Multicentre Research Ethics Committee
(MREC) for Scotland, Edinburgh. (REC reference MREC/
03/10/49). Full approval was received on 23 February 2004.
Subsequent approvals for small amendments to the proto-
col were sought and obtained. In addition to the overall
MREC approval for the project, each local centre obtained
their Local Research Ethics Committee site-specific approval
and local NHS Trust R&D Management approval prior to
start of the study.

Participants’ consent was obtained prior to any data collec-
tion, and confidentiality was maintained by using a password-
protected patient database on a separate PC to the main
HOPEFUL database. Patient ID numbers were allocated and
used in the main project database to maintain anonymity.

Clinical data only were collected for the 28 deceased
women (hysterectomy, n = 21; UAE, n = 7). The further
1706 living women were invited to consent by post (hyster-
ectomy, n = 762; UAE, n = 972) and reminded if they had not
responded within 4 weeks of the first invitation. All consent-
ing women and deceased women were included in the study.
Nine hundred and thirty-four (55%) women responded to
this first call, and a further 160 (9%; hysterectomy, n = 60;
UAE, n = 100) women responded to the second invitation
(772 letters sent; hysterectomy, n = 360; UAE, n = 412). Over-
all, 64% (1094) of the living eligible women consented to
participate (hysterectomy, n = 438; UAE, n = 656). This gave
a total of 1122 women available for data collection.
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Following the receipt of each woman’s signed consent by
Oxford central office, the relevant local centre was requested
to proceed with clinical data collection from the women’s
hospital notes. The clinical data forms included details con-
firming the diagnosis, full details of the surgery or embolisa-
tion techniques used, relevant treatment outcomes and
complications and further investigations or treatments over
a period of several years of follow up. Additional parts of the
data forms were provided to collect data on any pregnancies
after UAE or any deaths after treatment.

Issues of nonstandard data collection across centres and
missing data due to local variations in hospital record keeping
were identified. There were 136 women whose hospital notes
could not be retrieved. Sixty-six of these were in the hyster-
ectomy cohort, and for these women, we were able to merge
basic clinical data from the VALUE database. The large num-
ber of unavailable notes in this group was due to the fact that
their treatment was 10 years ago and many NHS hospital
notes were destroyed after 8 years of inactivity. Also, for some
centres, the hospital records had been archived on microfiche
causing some difficulty in accessing information. The hospital
notes of 70 women who underwent UAE were not available
for examination, although most patient questionnaires had
been returned. These missing clinical forms were primarily
from the centre with the largest patient population, where it
was not possible to complete all the clinical forms during the
study period. There was no significant difference (P = 0.49)
between numbers of complications for women with and with-
out clinical data. Overall, 94% of the clinical forms were
completed.

At receipt of consent, a simple follow-up patient question-
naire was sent to the consenting women with a FREEPOST
envelope for return to Oxford. The women were assured of
their confidentiality and provided with a FREEPHONE tele-
phone number if they had any concerns or questions while
completing the questionnaire. Reminder letters and addi-
tional questionnaires were sent to women who had not
returned questionnaires after 4 weeks following the first ques-
tionnaire being sent. A third questionnaire was sent to all
women who had not responded to the second questionnaire
reminder in November 2005. Overall, 90% of questionnaires
sent out were returned.

There are two main purposes to this study. First, to confirm
previous reports on the safety of UAE compared with hyster-
ectomy in the short term and second, to enable the medium-
term experience of a large number of women to be examined.
The latter data were not generally available in clinical trials of
efficacy, particularly where the known outcomes are so dif-
ferent and hence where preferences are likely to be strong.
However, there are important methodological considerations
to be addressed due to the retrospective study design. These
are fully considered in the analyses and include the possible
lack of comparability of the two cohorts at baseline, the dif-

ficulty of identifying relevant outcome measures to enable
a direct comparison between two treatments, one of which
removes the uterus and thus eliminates the source of the
symptoms. Furthermore, the retrospective design means no
pretreatment validated measures of quality of life/symptoms
is available to compare with values after treatment in both
groups.

The primary outcome measure addressed comparative
safety, that is negative events resulting from treatment meas-
ured as complication rates. The project team agreed a priori
on the definitions regarding the categorisation of complica-
tion severity.?? The clinicians were sent a blinded list of all the
complications reported on both clinical forms and question-
naires to categorise the complications into these types. A pro-
ject team meeting followed this independent assessment,
where agreement was reached on the final categorisation of
complications into severity. Examples of some of the compli-
cations reported. Severe complication, patient A: renal failure,
treated on intensive treatment unit (ITU)—categorised as
‘organ failure’. Major complications, patient B: blood trans-
fusion after stitches burst and blood loss—categorised as
‘haemorrhage requiring transfusion’; patient C: bladder per-
forated during operation, repaired in theatre—categorised as
‘structural damage caused by treatment’; patient E: urgent
hysterectomy for sepsis of fibroids—categorised as ‘major
infection’; patient A: bronchopneumonia, return to ITU,
‘major infection’. Minor complications included urinary tract
infection, Escherichia coli, wound infection, haematoma, fib-
roid extraction (not requiring myomectomy or hysterectomy),
granulated tissue to vault requiring silver nitrate cauterisation,
haemorrhage not requiring transfusion, bradycardia, severe
pain requiring readmission.

All severe, major and most minor complications occurred
within 30 days of treatment, although some minor compli-
cations, in particular assisted fibroid extractions, occurred
up to 1 year after UAE. Each woman with one or more com-
plication was then categorised according to the most severe
of their complications, for example patient A described above
experienced both severe and major complications and was
categorised as severe.

Some women who underwent UAE also suffered from gen-
eral side effects (GSEs) of the treatment. These include post-
embolisation syndrome (fever, pain, nausea lasting from a few
hours to a few days), vaginal discharge caused by the disinte-
grating fibroids, natural expulsion of the whole or parts of the
fibroid (not requiring assistance) and temporary amenor-
rhoea.

Postembolisation syndrome is well known and well recog-
nised by physicians who perform embolotherapy.?>=2* Tt
occurs in relation to embolisation of the liver, kidneys, spleen
and other solid organs and is part of the immune response.?>?’
It is easily treated with anti-inflammatory and antipyretic
drugs. Indeed, it is increasingly recognised as part of the
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postprocedural effects of aortic and thoracic stent grafting
secondary to the metallic stent. The discomfort associated
with embolisation is easily controlled with a simple analgesia
regimen. GPs would normally refer a patient back to hospital
if they required more than this.

It was decided a priori by the project team on the advice of
the clinicians not to include GSEs as complications. However,
because other studies have considered them as complications,
GSEs were also investigated and are presented here to provide
the complete picture of all outcomes from both treatments.
Please note that when one of these GSEs led onto a complica-
tion, the woman was categorised as having the complication.
An example of this is where a chronic vaginal discharge may
have led to requiring intervention to extract a disintegrating
fibroid or treatment with antibiotics for a minor infection.

Secondary outcomes relate to treatment efficacy. Data were
gathered retrospectively primarily by patient questionnaire on
resolution of fibroid symptoms and satisfaction with treat-
ment. In addition, any further treatments for continuing or
recurrent symptoms were recorded as a further measure of
efficacy in the UAE cohort only. Pregnancies after UAE and
their outcomes were also recorded.

Statistical analysis
STATA software? (Version 8) was used for all the statistical
analyses.

Sample size

VALUE?>% reported complication rates of 3.5% for operative
complications and a further 9% for postoperative complica-
tions. In addition, the complication rate was found to be 1.5
times higher for women with fibroids compared with those
with dysfunctional uterine bleeding.’® The VALUE team car-
ried out an ascertainment exercise?? to compare the data sub-
mitted by clinicians with a review of 1453 cases relating to
women having hysterectomies during the same time period.
These were obtained by searching the operating theatre
records in randomly selected hospitals. Case note review sug-
gested that submitted forms under-reported major operative
haemorrhage and postoperative complications. As HOPEFUL
uses both patient records and questionnaires for data collec-
tion, complication ascertainment is likely to be more com-
plete and would be expected to be higher than that for
VALUE. To cover this possible underreporting, it is assumed
for the purpose of this sample size calculation that the rate of
all complications for hysterectomy is 20%. To detect a halving
of the odds ratio with a power of 90% at the 5% significance
level, 370 women were required to be recruited in each cohort
from a total of 740 women.

The a priori confounders considered included age, educa-
tional level, ethnicity, parity, menopausal status, smoking,
medical co-morbidity, prior pelvic surgery and prophylactic
antibiotics (Table 1). Chi-square test statistics were used to

compare these baseline characteristics between the two
cohorts.

Missing values were expected to occur in some of the con-
founding variables due to collecting data retrospectively from
different sources and different centres. Inspite of all attempts
to collect complete data, there were missing data items in one
or more of the a priori defined confounding variables for
53.1% of the women, although there were less than 10%
missing items in total. To use all the available data, missing
values were estimated using validated multiple imputation
methods,?®*? on the assumption that they were missing at
random. These methods provide the most unbiased estimate
of the main comparison available because excluding women
with any missing data not only affects the precision of the
estimates but also likely to bias the results. (For further details
see the HTA monograph).?

Women from different centres may be more dissimilar than
those in the same centre due to known geographic variation in
factors that may affect their risk of an adverse outcome. The
final analysis was adjusted for clustering by centre to take this
into account and results in a more robust estimate of standard
errors, with a corresponding widening of the confidence
intervals.

The main primary outcomes were compared by crude
(unadjusted) odds ratios, with no imputation and also by odds
ratios created by multiple logistic regression analysis adjusting
for confounding factors using multiple imputation for missing
values in the confounding variables. Note that if the 95% CI of
the odds ratio includes the value 1, then there is no statistically
significant difference between the treatment cohorts.

Secondary outcomes were tested using the chi-square sta-
tistic. Further treatment is required after UAE was investigated
using life table methods and Kaplan-Meier survival curves.

Results

Of the 1734 eligible women, data could be collected for a total
of 1122 women. However, no data were available for 14
women, four of whom were deceased, and these women were
excluded from the final analysis. Data were therefore available
for analysis on 1108 women (63.9%) consenting or deceased
women (hysterectomy, n = 459 [60.2%]; UAE, n = 649
[66.8%]). The average age at procedure was 46.5 years (SD
6.8) for the hysterectomy cohort and 43.8 years (SD 6.5) for
the UAE cohort. The average length of follow up was 8.6 years
(SD 3.4) for the hysterectomy cohort and 4.6 years (SD 2.0)
for the UAE cohort. A minimum of 2 years of follow up was
attained for 91.5% of the UAE cohort and 87.1% of the hys-
terectomy cohort. More than 5 years of follow up was attained
for 46.5% of the UAE cohort and 86.7% of the hysterectomy
cohort. Note that for some of the women who did not return
their questionnaires, there may have been only short-term
follow up available from their hospital notes.
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Table 1. Baseline characteristics

Hysterectomy (n = 459)

UAE (n = 649)

Total (n = 1108)

Significance* (P value)

Demographic variables
Age (years) at procedure, mean (n) SD
Highest level of education
Primary
Secondary
Tertiary
Missing
Ethnicity
White
Black
Other
Missing
Parity
Nulliparous
Multiparous
Missing
Menopausal status
Postmenopausal
Not postmenopausal
Age (years) at menarche, mean (n) SD
Medical-related variables
Smoking
Never
Current/ex-smoker
Missing
Obesity (Obese—body mass index > 30)
Not obese
Obese
Missing

46.5 (459) 6.8

150 (32.7%)
138 (30.1%)
98 (21.3%)
73 (15.9%)

382 (83.2%)
6(1.3%)
9 (2.0%)
62 (13.5%)

65 (14.2%)
391 (85.2%)
3(0.6%)

39 (8.5%)
420 (91.5%)
12.4(392) 1.6

235 (51.2%)
210 (45.7%)
14 (3.1%)

257 (56.0%)
64 (13.9%)
138 (30.1%)

43.8 (649) 6.5

64 (9.9%)
195 (30.0%)
320 (49.3%)

70 (10.8%)

480 (74.0%)
97 (14.9%)
10 (1.5%)
62 (9.6%)

296 (45.6%)
328 (50.5%)
25 (3.9%)

35 (5.4%)
614 (94.6%)
12.5(573) 1.5

376 (57.9%)
238 (36.7%)
35 (5.4%)

248 (38.2%)
63 (9.7%)
338(52.1%)

Blood pressure (BP) (High BP—diastolic > 90 mmHg and/or systolic > 140 mmHg)

Normal
High BP
Missing
Gynaecological co-morbidity
No
Yes
Medical co-morbidity
No
Yes
Prior pelvic surgery
No
Yes
Prophylactic antibiotics
No
Yes
Missing

242 (52.7%)
213 (46.4%)
4 (0.9%)

404 (88.0%)
55 (12.0%)

322 (70.2%)
137 (29.8%)

394 (85.8%)
65 (14.2%)

53 (11.5%)
406 (88.5%)
0(0.0%)

272 (41.9%)
114 (17.6%)
263 (40.5%)

574 (88.4%)
75 (11.6%)

523 (80.6%)
126 (19.4%)

480 (74.0%)
169 (26.0%)

169 (26.0%)
422 (65.0%)
58 (8.9%)

44.9 (1108) 6.8

214 (19.3%)
333 (30.1%)
419 (37.8%)
142 (12.8%)

862 (77.8%)

103 (9.3%)
19 (1.7%)

124 (11.2%)

361 (32.6%)
719 (64.9%)
28 (2.5%)

74 (6.7%)
1034 (93.3%)
12.5(965) 1.5

611 (55.1%)
448 (40.4%)
49 (4.4%)

505 (45.6%)
127 (11.5%)
476 (43.0%)

514 (46.4%)
327 (29.5%)
267 (24.1%)

978 (88.3%)
130 (11.7%)

845 (76.3%)
263 (23.7%)

874 (78.9%)
234 (21.1%)

222 (20.0%)
828 (74.7%)
58 (5.2%)

<0.0001

<0.0001

<0.0001

<0.0001

0.41

0.27

0.006

0.92

<0.0001

0.83

<0.0001

<0.0001

<0.0001

Data were given as number (percentage) unless stated otherwise.
*Significance level t test for continuous variables and chi-square for nonmissing categorical variables.

As anticipated, the two cohorts presented a different base-
line profile for many of the a priori confounders (Table 1).
These included statistically significant differences for age,
educational level, ethnicity, parity, smoking, medical co-

morbidity, prior pelvic surgery, high blood pressure and pro-

phylactic antibiotics.

There were 341 complications identified in 234 women
(hysterectomy, n = 120; UAE, n = 114). Information about
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complications was principally drawn from the clinical forms
(based on hospital records), although there were 77 com-
plications identified for 55 women from the patient ques-
tionnaires. Twenty-four of these were duplicates from
complications already identified from the clinical forms, but
a further 31 women reported one or more complications in
their patient questionnaire that had not previously been iden-
tified (2.8% of the women). The majority of these additional
complications were identified among the UAE cohort, includ-
ing requiring assistance with extraction of fibroids, infections
and severe pain causing readmission to hospital. Of the 234
women who experienced complications, 165 women experi-
enced only one, 49 experienced two and 20 experienced more
than two complications. The numbers of complications by
complication type are presented in Table 2. Where no com-
plication was reported, either in the clinical or in the ques-
tionnaire, the woman was assumed to have experienced no
complications.

Women categorised according to the highest level of com-
plication experienced are presented in Table 3. The crude
incidence of a priori defined complications (severe, major
or minor) was higher for the hysterectomy cohort (26.1 versus

Table 2. Numbers of complications by complication type

17.6%, X(Zl), P =0.001). The crude incidence of severe/major
complications was also higher for the hysterectomy cohort
(11.3 versus 3.9% UAE, )(fl), P < 0.0001).

The unadjusted (crude) odds ratio for all complications for
UAE versus hysterectomy was 0.60 (95% CI 0.32-1.15). After
adjusting for significant confounders, missing values and
clustering by centre using multiple logistic regression (mini-
mum model), the odds ratio was reduced to 0.48 (95% CI
0.26-0.89). The crude and adjusted treatment odds ratios and
the confounding variables in the minimum model together
with their 95% ClIs are presented on a log scale (treatment
above the dashed line and confounders below) in Figure 1. All
95% Cls are calculated after adjusting for clustering by centre.

In addition, it indicates the variables that may be important
in determining whether a woman develops a complication
(whose 95% CIs do not contain one). Being obese, having
a later onset of menarche, an existing medical co-morbidity,
or having already undergone prior pelvic surgery raise the
odds of experiencing a complication, while using prophylactic
antibiotics at the time of the procedure reduces the odds of
experiencing a complication. High blood pressure also
appears to be slightly protective but may be an artefact of

Severity of
complication

Type of complication

(n = 459), n (%)

UAE
(n = 649), n (%)

Total
(n = 1108), n (%)

Hysterectomy

Death

Pulmonary embolus

Myocardial infarction

Cerebrovascular accident (stroke)

Organ failure

Other severe

Total severe

Permanent amenorrhoea (<40 years)

Radiation burn

Blood transfusion required

Structural damage caused by treatment

Septicaemia, emergency myomectomy/
hysterectomy

Thrombosis

Other major

Total major

Minor infections (<30 days)

Haematoma requiring treatment

Adverse drug reaction

Permanent amenorrhoea (>40 years)

Retention of urine requiring catheterisation

Fibroid extraction requiring assistance

Other minor (<30 days)

Total minor

Severe

Major

Minor

Total complications

0 0 0
3(0.7) 0 3(0.3)
0 0 0
0 0 0
1(0.2) 0 1(0.1)
1(0.2) 1(0.2) 2(0.2)
5(1.1) 1(0.2) 6 (0.5)
0 1(0.2) 1(0.1)
0 0 0
34 (7.4) 4(0.6) 38 (3.4)
16 (3.5) 5(0.8) 21(1.9)
2 (0.4) 17 (2.6) 19 (1.7)
2 (0.4) 0 2(0.2)
9(2.0) 1(0.2) 10 (0.9)
63 (13.7) 28 (4.3) 91 (8.2)
62 (13.5) 38 (5.9) 100 (9.0)
6(1.3) 4(0.6) 10 (0.9)
3(0.7) 8(1.2) 11 (1.0)
1(0.2)* 9(1.4) 10 (0.9)
10 (2.2) 9(1.4) 19 (1.7)
0 41 (6.3) 41 (3.7)
26 (5.7) 27 (4.2) 53 (4.8)
108 (23.5) 136 (21.0) 244 (22.0)
176 (38.3) 165 (25.4) 341 (30.8)

*This woman had a subtotal hysterectomy.
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Table 3. Complication severity by treatment

Complication Hysterectomy, UAE, Total,
type n (%) n (%) n (%)
All complications 120 (26.1) 114 (17.6) 234 (21.1)
Severe 3(0.7) 1(0.2) 4(0.4)
Major 49 (10.7) 24 (3.7) 73 (6.6)
Minor 68 (14.8) 89 (13.7) 157 (14.2)
None 339(73.9) 535 (82.4) 874 (78.9)
Total 459 (100) 649 (100) 1108 (100)

the recording and categorisation of this variable. The
increased risk for the ‘other’ ethnic group may be due to
the small number of such women present in the HOPEFUL
study and would need to be investigated by further studies.

The unadjusted (crude) odds ratio of severe or major com-
plications, comparing UAE with hysterectomy, was 0.31 (95%
CI 0.15-0.66). This was reduced to 0.25 (95% CI 0.13-0.48)
after adjustment for confounding and clustering by centre. This
odds ratio is smaller than for all complications, indicating that
the extra risk associated with undergoing a hysterectomy is
primarily associated with severe and/or major complications.
Investigation into the actual complications shows that the
excess in the hysterectomy group was mainly attributable to
an increased incidence of the need for blood transfusion (7.4
versus 0.4%) and structural damage (3.5 versus 0.8%). Women
undergoing UAE may still experience complications, but they
are more likely to be of minor severity.

Being obese, or having an existing medical co-morbidity
raises the odds of experiencing a severe/major complication,
while using prophylactic antibiotics at the time of the pro-

cedure reduces the odds, although this is not as strong as for
all complications. The increased risk for the ‘other’ ethnic
group has all but disappeared, possibly due to the smaller
numbers of women in this ethnic group who had severe/
major complications.

Anticipated GSEs of UAE included chronic, although self-
limiting vaginal discharge (12.6%), spontaneous fibroid
expulsions (7.6%) and postembolisation syndrome (17.7%).
These were reported by 32.7% of the UAE women. Some
women (8.9%) experienced both complications and GSEs.
Half of these had GSEs that were independent of their com-
plications and the remaining half had GSEs that were associ-
ated with their complications. The majority of these latter
were chronic discharge caused by infection of disintegrating
fibroids, chronic discharge leading to assisted fibroid extrac-
tion or both. In total, 41.3% of the UAE cohort experienced
some adverse effects (complications and/or side effects) of their
treatment, although most were side effects that the women had
been informed about prior to their UAE. The duration of these
side effects varied from a matter of a few hours to persisting
for several months. Multiple logistic modelling, adjusting for
complications and confounders, found that prophylactic anti-
biotics were also protective against GSEs in addition to being
protective for both cohorts against complications. Reporting
of side effects varied widely between centres.

Secondary outcomes concerning efficacy were available
retrospectively from patient questionnaires (n = 986; hyster-
ectomy, n = 397; UAE, n = 589) (Table 4). The general health
of both cohorts was similar at baseline. Of those women
completing questionnaires, 75% of the hysterectomy cohort
reported improved health status (average 9 years postsurgery)
compared with 65% of the UAE cohort (average 5 years) (P <
0.0001). For those completing the questions on ‘feelings about

Minimum model adjusted for clustering by centre
1108 women using imputation

Treatment: UAE vs Hyst — crude

Treatment: UAE vs Hyst — adjusted 4 ——

Age at procedure
Ethnicity black vs white
Ethnicity other vs white

Menopausal status -

Age at menarche + FoA
Obesity ——
High BP ——
Medical comorbidity 4 ——
Prior pelvic surgery — ——
Antibiotics —6—
5 1 5 10

Odds ratios and their confidence intervals (log scale)

Figure 1. Primary outcome, complications versus no complications: odds ratios for minimum model.
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your treatment’, the hysterectomy cohort were significantly
different than the UAE cohort in ‘relief of fibroid symptoms’
(99.2 versus 85.2%, P <0.0001), and ‘feeling better since their
index treatment’ (95.8 versus 83.8%, P <0.0001) was also
significantly different for the hysterectomy cohort compared
with the UAE cohort. However, paradoxically, only 85.5%
of the hysterectomy cohort would recommend their treat-
ment to a friend compared with 91.4% of the UAE cohort
(P =0.007).

The expectations of the UAE cohort were less likely to
be fulfilled (73.5% UAE versus 93.5% hysterectomy,
P < 0.0001), possibly due in part to the high expectations
of women in the (early) UAE cohort. There was no differ-
ence between the cohorts for those who reported no prob-
lems caused by the treatment (79.5% UAE versus 75.4%
hysterectomy, P = 0.18). From the free text analysis of
expectations not fulfilled, it is apparent that the manage-
ment of expectations is particularly important for the UAE
cohort. Many of the women were self-referred and had high,
maybe unrealistic expectations, some choosing UAE in the
hope of achieving pregnancy.?

One hundred and nineteen women (18.3%) in the UAE
cohort underwent a further 134 treatments for fibroids,
4.5% further UAE, 4.9% myomectomy and 11.2% hysterec-
tomy. This includes 3.9% requiring hysterectomies during the
first year after UAE, 1.1% due to complications (as defined in
Table 2), mainly due to severe pain or sepsis. Figure 2 shows
the cumulative percentage of women to their first further
fibroid treatment after their initial index treatment. After
adjusting for differential time of follow up using survival

Table 4. Secondary outcomes (efficacy) from patient questionnaire

analysis to first further treatment, the UAE women had
a 23% (95% CI 19-27%) chance of requiring further treat-
ment for fibroids (or complications) within the first 7 years.

In the UAE cohort, 319 (49.2%) women indicated on their
questionnaire that at the time of their treatment, they did not
want children in the future, 187 (28.8%) indicated a hope to
have any/more children and 22% were uncertain or did not
complete this question. Twenty-seven women achieved 37
pregnancies after UAE (Table 5). This represents 4.2% of
the total UAE cohort, which is 8.5% of the 303 (58.2%)
women who indicated that they wished or were uncertain of
their wish for children. The average age at pregnancy was 38
years (SD 3.3) at an average of 3 years after UAE. Of the
women who achieved pregnancies, 78% were nulliparous
and 74% expressed a wish to have any/more children. Of
the 37 pregnancies, there were 15 miscarriages, 2 ectopic preg-
nancies, 1 termination and 19 successful live births (from 16
[2.3%] women). Seventy-nine percent of the live births were
delivered by caesarean section, six due to complications of
pregnancy or delivery.

Discussion

Hysterectomy involves major surgery and has associated risks.
Women stay in hospital for on average 5 days and then may
take up to 3 months to recuperate. However, once the uterus
is removed, there is no recurrence of fibroid-related symp-
toms. In this study, three (0.8%) women reported symptoms
after hysterectomy, which may be related to subtotal hyster-
ectomy or residual pelvic pain.

Satisfaction with index treatment Hysterectomy, n (%) UAE, n (%) Total (n = 986) n (%) Significance* (P value)
Symptoms relieved

Yes 352 (99.2) 472 (85.2) 824 (90.6) <0.0001
No 3(0.8) 82 (14.8) 85(9.4)

Felt better since treatment

Yes 320 (95.8) 434 (83.8) 754 (88.5) <0.0001
No 14 (4.2) 84 (16.2) 98 (11.5)

Would have repeat treatment for fibroids

Yes 279 (85.1) 473 (86.6) 752 (86.0) 0.52
No 49 (14.9) 73(13.4) 122 (14.0)

Recommend to a friend

Yes 278 (85.5) 510 (91.4) 788 (89.2) 0.007
No 47 (14.5) 48 (8.6) 95 (10.8)

Expectations fulfilled

Yes 343 (93.5) 417 (73.5) 760 (81.4) <0.0001
No 24 (6.5) 150 (26.5) 174 (18.6)

Reported problems caused by treatment

No 221 (75.4) 388 (79.5) 609 (78.0) 0.18
Yes 72 (24.6) 100 (20.5) 172 (22.0)

*X(21) test on nonmissing data.
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Figure 2. The cumulative percentage of women experiencing their first
fibroid treatment subsequent to their index UAE.

UAE is a minimally invasive technique, and the great
majority of women remain in hospital overnight to enable
appropriate pain management. There were fewer compli-
cations experienced by the women in the UAE cohort, in
particular the more severe/major complications, comparable
with other studies of short-term outcomes of UAE and hys-
terectomy.®16

GSEs are expected with embolisation. These include post-
embolisation syndrome, which may last up to 10 days and is
the justification for advising women to take appropriate time
off work. Fibroid expulsion is another GSE where infarcted
fibroids, particularly submucosal fibroids, are expelled per
vagina and most do not require treatment. If assistance,
including further hospital treatment was required, this was
classified as a complication.

Further research is required to confirm an apparent benefit
of prophylactic antibiotics in reducing complications in both
cohorts and GSEs in the UAE cohort. The effect of prophy-
lactic antibiotics observed in this study may be caused by
differential use of antibiotics by different centres and also
by differential reporting of GSEs by different centres.

Lack of resolution or recurrence of fibroid-related symp-
toms following UAE may lead to further treatments for
fibroids (repeat UAE, myomectomy or hysterectomy). The
reasons for this are likely to be related to the size and position
of the fibroid and the technical difficulties during embolisa-
tion. The fibroid registry in the USA has suggested that UAE
for 10 cm submucosal fibroids causing menorrhagia results in
better outcome than for larger intramural or subserosal fib-
roids causing bulk symptoms.!> Inadequate embolisation of
fibroids can occur due to spasm of the uterine artery or aber-
rant arterial supply. Often such aberrant blood supplies are
through the ovarian arteries, and while these can be embol-
ised, and sometimes are in older women, in younger women,
there is the increased risk of early menopause and women will
often decline this further treatment.

Women in the HOPEFUL study had a 23% chance (95% CI
19-27%) of requiring further treatment after adjusting for
differential time of follow up. A hysterectomy was required
by 3.9% within the first year (comparable with the findings of
REST)!%!! and a further 7.4% from 2 to 7 years after UAE.

Consideration should be given to the fact that the UAE
procedures in HOPEFUL were carried out at a time when
experience was limited and pain control regimes not fully
effective.?® This may no longer be the case, as experience
and pain control are more sophisticated and in most centres
pain management teams are involved in postprocedure pain
relief. However, for the reasons cited, symptomatic relief may
not always be possible and a hysterectomy may become nec-
essary.

The uterus is preserved after UAE and hence also the
potential for future fertility. Pregnancy is possible after
UAE, although it is not recommended due to possible
unknown risks during pregnancy and parturition.”” The
HOPEFUL study adds some information on pregnancies after
UAE, but we have no precise information on how many
women were trying to conceive after embolisation, so we
cannot calculate or interpret a ‘success rate’ from our data.
The HOPEFUL pregnancy rate (excluding women who
expressly did not want pregnancy) of 8.5% compares well
with other studies, where the pregnancy rates in those desiring
pregnancy are reported as 3.8,>2 4.3% and 5.3%.7 In all these
studies, miscarriage and caesarean rates were similar to those
presented in HOPEFUL. It is interesting to note that four
women in HOPEFUL had both live births and miscarriages.
Further research is required to identify whether myomectomy
or UAE should be the treatment of choice for women with
fibroids desiring pregnancy.

Conclusions

There is a paucity of data on longer term follow up of
women with symptomatic fibroids treated by UAE. There
is also a lack of large studies comparing UAE with more
established treatments. This study contributes data on safety
and efficacy of UAE and hysterectomy over the medium
term by using a pragmatic study design incorporating mul-
tivariate statistical methodology to minimise biases where
possible.

The women who underwent UAE reported here, represent
experience of the very early days of the new procedure so may
provide conservative results. The evidence accumulated in
this study strongly suggests UAE is a safe procedure over
the medium term with fewer significant complications than
hysterectomy and has an important role in the effective treat-
ment of symptomatic fibroids. Although one-quarter of
women undergoing UAE may require subsequent treatment
for continuing symptoms, UAE still remains cost-effective.?!
While this procedure enables preservation of fertility, caution
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Table 5. A summary of pregnancies after UAE including baseline characteristics and stated aspirations

ID* Date UAE Age Parity Fertility** Event 1*** Event 2%** Event 3*** Event 4***
1 1999 36 0 Unk Ectopic (early) 2001
2 1999 39 0 Yes Misc
3 2000 33 1 Yes Misc (20) 2000 Live (N) 2002
4 2000 41 1 Yes Misc
5 1998 36 0 Yes Live (C/S)
6 1999 35 0 Yes Misc
7 1997 38 0 Yes Live (C/S) 1999
8 1999 35 0 Unk Live (C/S)(35) 2001
9 2000 35 1 Unk Live (C/S) (37) 2004
10 2001 34 0 Yes Misc
1 1999 37 1 Yes Misc
12 1998 40 1 Yes Misc (9) Live (C/S) 2000
13 1998 32 0 Yes Live (C/S) (39) 2000
14 1999 34 0 Yes Live (C/S) 2005
15 1998 35 0 No Live (C/S) 2000 Live (C/S) 2004
16 2000 43 0 Yes Misc (10)
17 1999 34 1 Yes Live (C/S) (39) 2000
18 1999 46 0 Yes TOP 2001
19 2002 43 0 No Live (C/S) (38) 2003
20 1999 29 0 Yes Live (C/S) (40) 2000
21 2000 38 0 Yes Misc (6)
22 1997 34 0 Unk Live (N) (41) 2001
23 1998 28 0 Other Live (C/S) (42) 2001 Live (N) 2004
24 1998 30 0 Yes Live (C/S) (38) 2001 Misc (8) 2005
25 1997 40 0 Other Misc (5)
26 1998 32 0 Yes Ectopic (6) 2001 Misc (5) 2002 Misc (6) 2003
27 1998 35 0 Yes Live (C/S) (38) 2000 Misc (12) 2001 Misc (11) 2001 Live (N) (40) 2002

Misc, miscarriages; TOP, termination of pregnancy.

Summary: age at first pregnancy after UAE = 37.6 years (SD = 3.3), 77.8% nulliparous, 74.1% hoped to have any/more children.

*Patient IDs have been replaced to preserve anonymity.

**Fertility aspirations: yes, hoped to have any/more children; no, did not want any/more children; other, not sure; Unk, no questionnaire of

not filled in.

***Event: birth type (if live: type of delivery—C/S, caesarean; N, natural) (number of weeks of gestation, if known) year of birth.

still needs to be exercised with regard to counselling women
still desirous of pregnancies.

Although not a randomised study, the aggregate conclusions
from this study of contemporary practice are as robust as they
can be at this stage in the development of a new technique for
treating symptomatic fibroids. This study provides informa-
tion about potential risks and benefits that will enable clinicians
to counsel women more accurately. The qualitative analysis of
women’s experience is particularly useful in this respect.?®
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