Yadavali et al. CVIR Endovascular (2019) 2:4
https://doi.org/10.1186/542155-018-0044-y CVI R E n d ovascu l ar

ORIGINAL ARTICLE Open Access

Randomised trial of two embolic agents @
for uterine artery embolisation for
fibroids: Gelfoam versus Embospheres

(RAGE trial)

R. Yadavali®, G. Ananthakrishnan®, M. Sim®, K. Monaghan?, G. McNaught?, I. Hamoodi?, F. Bryden, S. Lassman® and
J. G. Moss"”

Abstract

Background: Uterine artery embolisation (UAE) is an established treatment option for women with symptomatic
uterine fibroids who wish to avoid surgery. However the most efficacious embolic agent remains uncertain.

Methods: We conducted a pilot double blind randomized controlled trial comparing Gelfoam with Embospheres in
women undergoing UAE. Outcomes recorded at baseline, 24-h, 1 and 6 months included complications, inflammatory,
haematological markers and ovarian function. Contrast enhanced MRI (CEMRI) was acquired at baseline, 24-h and 6
months. Pain score (visual analogue) was measured at 24-h, quality of life (UFS-Qol) at baseline, 1 and 6 months. All
patients were followed to 6 months.

Results: Twenty patients were randomized 1:1 to receive either Gelfoam (G) or Embospheres (E). The UFS-Qol symptom
score improved in both groups at 6 months mean of 64 + 18 to 23+ 16 and 54 + 15 to 32 + 26 in the E and G groups
respectively. UFS-Qol HRQL also improved in both groups at 6 months, mean 41 +28 to 79+ 20 and 53+ 19to 78 + 21 in
the E and G groups respectively.

Uterine volume at 6 months reduced from 1018 + 666mls to 622 +436 (p =0.001) and from 1026 + 756 to 908 + 720
(p=0.15) in the E and G groups respectively. There was a significant difference between groups for this
parameter p=0.01. All uterine arteries were patent at 24-h and 6 months. Complete (100%) fibroid infarction
rates were 5(50%) and 2(20%) in the E and G groups respectively. None of the other outcome measures
showed any between group differences. There were no re-interventions in either group.

Conclusion: The only significant between group differences was for a greater reduction in uterine volume at
6 months in the E group. A larger trial (estimate 172 subjects) is required to determine whether other apparent
differences are clinically and statistically significant.

Trial registration: ISRCTN67347987
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Introduction

Uterine fibroids are the most common tumour in
women (Wilcox et al., 1994). When symptomatic UAE is
now an established treatment option for those who wish
to avoid conventional surgery (Edwards et al., 2007;
Moss et al., 2011). An increasing number of embolic
agents are used and licensed for UAE which include so
called “temporary agents” such as Gelfoam (Ethicon
Medical Ltd. Livingston, Scotland) and more permanent
options such as Polyvinyl alcohol (PVA) particles ((Contour,
Boston Scientific, Hemel Hempstead, UK; PVA (Cook
Medical, Bloomington, IN, USA)), Trisacrylgelatin micro-
sphere (Embospheres, Merit Medical Ltd., Coatbridge,
Scotland), PVA hydrogel beads with acrylic polymer
(Beadblock, Terumo UK Ltd., Surrey, UK.), HydroPearl mi-
crospheres (Terumo UK Ltd.,, Surrey UK) and Hydrogel
microspheres coated with Polyzene-F (Embozene, Celonova
BioSciences, Basingstoke, UK).

Gelfoam is rapidly reabsorbed by the body and is the
agent of choice for controlling obstetric haemorrhage. In
theory at least it should also be suitable for fibroids and
Japanese workers have demonstrated its efficacy report-
ing cumulative rates of symptom control of 96.9% at 1
year, 89.5% at 3 years, and 89.5% at 5years respectively
(Das et al.,, 2014). In spite of this Gelfoam has not gained
widespread acceptance for fibroid embolisation. There
are 5 randomised trials comparing some of these prod-
ucts (predominantly Embospheres) but there is little
consensus as to which is the most effective from an effi-
cacy, safety clinical or health economic perspective
(Spies et al., 2002). There has been no attempt to com-
pare Gelfoam (the cheapest and most established) with
any of the other products.

The aim of this small pilot study was to collect a wide
range of biochemical, imaging, and clinical parameters
to help inform a larger trial.

Methods

The study was conducted in one large tertiary referral
hospital in the UK. Patients were randomized between
March 2011 and January 2012 and 6 month follow up
was complete in August 2012.

The study was approved by the regional ethics com-
mittee (West of Scotland REC ref. 09/S0703/108) and
funded by a research grant from the British Society of
Interventional Radiology. Patients were recruited and
followed up at an Interventional Radiology clinic. A trial
coordinator (MS) managed the trial.

Patients

Women at least 18 years old were eligible if they had
one or more symptomatic fibroids of more than 2cm
diameter confirmed by MRI. Patients with subserosal pe-
dunculated fibroids (stalk base <1 cm), severe allergy to
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iodinated contrast media, contraindication to contrast
enhanced magnetic resonance imaging (CEMRI), recent
or ongoing pelvic infection, and the presence of signifi-
cant other pelvic pathology e.g. adenomyosis were ex-
cluded from the study. Patients were blinded to the
treatment allocation.

Procedures

Patients were randomly assigned by the trial co-ordina-
tor using a computer-generated schedule on a 1:1 basis.
There was no stratification or pre-specified subgroups.

UAE was carried out by one of three experienced
interventional radiologists (JGM, RY, AG) using a stand-
ard technique. Using a right common femoral artery ac-
cess each uterine artery was selected with a 2.7 French
co-axial catheter (Progreat, Terumo UK Ltd., Surrey,
UK.) and embolisation carried out on each side to
complete stasis. Complete stasis was defined as no flow
observed in the main uterine artery over a 60 s observa-
tion period. No attempt was made to visualize or embo-
lise the ovarian arteries as is our normal practice with
the primary procedure.

Spongostan Absorbable Haemostatic Gelatin Sponge
(Ethicon Medical Ltd. Livingston, Scotland) was
manually cut into approximately 1 mm squares and
mixed with iodinated contrast (Omnipaque 300) to
form a ‘slurry’ using a 5-10 cc reservoir syringe and a
1-2 cc delivery syringe connected via a three way tap.
The residual sponge was weighed to quantify the
amount used.

Embospheres (Merit Medical Ltd., Coatbridge,
Scotland) were used according to the manufacturer in-
struction for use namely mixed with an equal volume of
contrast and the first two ampoules on each side being
500-700 pum followed with 700—900 um if necessary.

Pain was managed using the existing hospital protocol,
which included opioids, and other medication included
midazolam and anti-emetics. All patients were admitted
overnight after the procedure.

Outcome measures
The outcome measures and time of assessment are sum-
marized in Table 1.

Table 1 Time points for all outcome measures

Parameter Baseline 24h 1month 6 months
UFS-Qol X X

Pain score (VAS) X

CE MRI X X X

Sex hormones AMH X X X X
Inflammatory markers (WCC & CRP)  x X X X
Complications X X X X




Yadavali et al. CVIR Endovascular (2019) 2:4

In summary outcomes were measured at baseline, 1
and 6 months. All blood tests were additionally mea-
sured at 24 h prior to hospital discharge. Quality of life
(UFSQoL) was assessed at baseline and 6 months.

Pain scores at 24 h were recorded on a standard visual
analogue scale ranging from 0 (no pain) to 10 (worst
pain). UFS-Qol comprised a symptom severity score and
a health related quality of life (HRQL) score (van Rooij
et al,, 2005). Transformed scores (0—100) were then cal-
culated using a formula for each of symptom severity
and HRQL. Higher symptom scores indicate greater
symptom severity and higher HRQL scores indicate bet-
ter quality of life.

Inflammatory markers comprised the white cell count
(WCC) and C-reactive Protein (CRP) measurements.

Sex hormones included follicle stimulating hormone
(FSH), leutinising hormone (LH) and estradiol (E2).
Anti-mullerian hormone (AMH) is a marker for ovarian
follicle reserve measured in pmol/L (Beckman Coulter
AMH Generation II Elisa method) (Sacks et al., 2003).
These were all measured at baseline, 24h, 1 and 6
months.

Imaging

All patients underwent CEMRI on a 1.5 T HDx MR sys-
tem with an 8 channel surface coil (GE Cardiac coil) po-
sitioned over the pelvis. Images and spectra of the
dominant fibroid were acquired at three time points:
baseline pre-UAE, 24-h and 6 months post-UAE.

T2 weighted Fast Recovery Fast Spin Echo (FRFSE)
images acquired in the sagittal and coronal planes (TR
4960 ms/TE 85 ms/16, FOV 240 mm, 256 x 384 matrix,
slice thickness 4 mm, echo train length 16). These se-
quences were used for planning the spectroscopy acqui-
sition and volume measurements. Sagittal T1 weighted
images were acquired using the liver acquisition and vol-
ume acquisition (LAVA) sequence (TR/TE =4.72ms/
2.32ms, FOV/matrix/slice thickness =280 mm/320 x
192/5 mm) before and after injection of gadolinium con-
trast agent (Gadovist, Bayer plc., Berkshire, UK). A
standard magnetic resonance angiogram sequence of the
uterine arteries was acquired following contrast en-
hancement. Some of the more complex imaging data
(MR spectroscopy and diffusion weighted imaging) has
been published separately (Katsumori et al., 2006).

Two diagnostic radiologists blinded to the treatment al-
location interpreted the images independently. Any dis-
agreements were resolved by consensus. Imaging data
extracted included dominant fibroid diameter and uterine
volume, uterine artery patency (occluded or patent) and fi-
broid infarction. Fibroid infarction assessment used the
entire fibroid collection and a simple visual scoring system
(or eyeballing) used to put the patient into one of three
groups: complete (100%), almost complete (99-90%) and
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incomplete (< 90%). Patency referred to the main uterine
artery as this was the only part of the vessel reliably im-
aged on MR.

Complications were graded using the Society of Inter-
ventional Radiology (SIR) classification (Spies et al., 2005).

Statistical analysis

One sample t-tests of paired differences were used to
test if the change in inflammatory markers, hormonal
assays, Quality of Life scores, uterine volume and diam-
eter of largest fibroid between baseline and 6 months
post embolisation was significantly different from zero,
for each treatment separately. Analysis of Covariance
(ANCOVA) was applied to inflammatory markers, hor-
monal assays, Quality of Life scores, uterine volume and
diameter of largest fibroid to test for a difference be-
tween treatments at 6 months post embolisation, after
adjusting for baseline values. Pain score at 24 h, days till
return to work and days till menses return were com-
pared between groups using the Mann Whitney test.

Results

Ten patients were randomized to each group and all re-
ceived their allocated treatment. All procedures were tech-
nically successful with both uterine arteries embolised to
complete stasis. All patients were followed up to 6 months.
The groups were well matched at baseline (Table 2).

Embolic agent dose and radiation dosimetry

The mean weight of Gelfoam used was 0.225g (range
0.06-0.53). In the Embosphere group 4 ampoules of
500-700 um were given in all patients and a mean of 4
additional ampoules of 700-900 pm. One patient re-
quired 20 ampoules of Embospheres to achieve complete
stasis.

Mean fluoroscopy time in G group was 20 min (range
11.1-31.3) with a mean radiation dose of 4204 cGym”
(range 846-14,004 cGym?). In the E group mean fluor-
oscopy time was 22.6 min (range 14.2-33.4) with a mean
radiation dose of 5614cGym> (range 1837-12,408
cGym?). There was no significant difference between
groups. There were no catheter blockages reported in ei-
ther group.

Table 2 Baseline clinical parameters for both groups

Parameter Embospheres Gelfoam
Median age in years (range) 42 (32-51) 45 (36-52)
Largest fibroid diameter (cm) 92+338 95+438
Uterine volume (cc) 1018 + 666 1026 + 756
UFS-Qol (symptom severity score) 64+18 54+15
UFS-Qol (HRQL score) 41+28 53+19

There were no significant differences between groups
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Inflammatory markers and hormonal assays

WCC increased in both groups but remained within the
normal range in the G group and only just outside nor-
mal range in the E group at 24-h (from 5.9 £ 2.2 at base-
line to 12.3 + 3.4 and from 6.4 + 3.7 at baseline to 10.6 +
2.6 in E and G groups respectively).

CRP increased at 24-h but remained within the nor-
mal clinical range at all time points in both groups.
At 6 months these parameters had reduced to baseline
levels (Table 3).

Individual patient hormonal profiles are shown in
Table 4. FSH increased above the normal range in one
patient in each group. In the E group from < 0.5 mIU/ml
to 24.8 mIU/ml and in the G group from 17.1 mIU/ml
to 57.9 mIU/ml. LH increased above the normal range
in one patient in the G group from 11.3 IU/L to 26 IU/L.
Serum estradiol (E2) levels dropped below normal range
in 2 patients in each group (Table 4).

In the G group one patient age 52y had a large rise in
FSH, LH and a drop in E2 however menses returned at
6 months. In the E group menses did not return in two
patients (age 40, 51). One of these patients age 40 had
persistently high FSH at baseline (39.5 mIU/ml) and 6
months (29.8 mIU/ml). Further follow-up would be re-
quired to determine any long-term effect on ovarian
function.

AMH levels were reported as ‘less than detectable
levels’ in 14 patients at baseline, 12 at 24 h post-embol-
isation, 15 at 1 month and 18 patients at 6 months. Re-
sults were not available for 3 patients at 24h
post-embolisation. Hence statistical analyses could not
be performed for AMH levels.

Quality of life and symptom score (UFS-Qol)
The UFS-Qol symptom severity score reduced in both
groups at 6 months, from a mean of 64 + 18 to 23+ 16
and 54+ 15 to 32+ 26 in the E and G groups respect-
ively. UFS-Qol HRQL score improved in both groups at
6 months, from a mean of 41 + 28 to 79 + 20 and 53 + 19
to 78 £ 21 in the E and G groups respectively (Table 5).
There was no significant difference in symptom se-
verity or HRQL between the two groups at 6 months
(p=0.15 and p=0.84 respectively) after adjusting for
baseline values (Table 5).

Complications and re-interventions

In the G group there was one minor (grade 1) and one
major complication (grade 3). The minor complication
was a groin haematoma and the major complication a
pelvic infection (which required hospitalization for anti-
biotic therapy). In the E group there were 4 minor com-
plications (two urinary tract infections and 2 fibroid
expulsions). None of the patients required any invasive
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re-interventions for either complications or persistent or
recurrent symptoms at final 6 month follow up.

Pain scores, return to work and return of menses

Median pain scores at 24 h were marginally higher in
the E group 3 (IQR=2-3.8) versus 2 (IQR=1.3-2) in
the G group (p =0.07). Median time to return to work
was 15 (IQR =11-21) days in the E group and 21 (IR =
15-23) days in the G group (p = 0.19). There was no sta-
tistically significant difference between groups for either
measure.

By 6 months menses had returned in all patients in the
G group but only 8 in the E group. The median time for
menses to return was 28 (22.3-42.5) days in the E group
and 22 (19-25) days in the G group. These differences
were not significant (p = 0.31).

Imaging outcomes

There was a significant reduction in uterine volume in
the E group but not in the G group. The mean uterine
volume reduced from 1018 + 666 cc at baseline to 622 +
436 cc at 6 months (p =0.001) in the E group. In the G
group the volume reduced from 1026 + 756 cc at base-
line to 908 + 720 cc at 6 months (p =0.15). There was
a significant difference between groups at 6 months
(»p=0.01) (Table 6).

Similarly there was a significant reduction in dominant
fibroid diameter in the E group but not in the G group.
The mean dominant fibroid diameter reduced from 9.2
+3.8cm to 7.3+34cm (p=0.002) in the E group and
from 9.5+4.8cm to 88+59cm (p=0.20) in the G
group at 6 months. There was no significant difference
between groups (p =0.09) at 6 months (Table 6). Infarc-
tion rates are shown in Table 6, complete infarction of
the entire fibroid tissue at 6 months was achieved in
5(50%) and 2(20%) in the E and G groups respectively
(ns). All uterine arteries were found to be patent at 24-h
and 6 months in both groups.

Discussion

This randomized trial comparing Gelfoam with Embo-
spheres was intentionally designed as a pilot study as
there was insufficient data in the literature on which to
base a power calculation for a definitive study. The only
significant difference between the two groups was in the
reduction of uterine volume at 6months which
amounted to 281cm?® in favour of Embospheres (p <
0.01). Furthermore the reduction in uterine volume be-
tween baseline and 6 months was significant in the E
group (1018cm® to 622 cm? (p=0.001) but non-
significant in the G group (1026 cm? to 908 cm?) (p =
0.15). This was matched by a significant reduction in
dominant fibroid diameter in the E group (p = 0.002) but
not in the G group (p=0.2). There was no significant
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Table 4 Hormone levels at baseline and 6 months
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No Group Age LH FSH E2

Baseline 6 months Baseline 6 months Baseline 6 months
1 E 34 290 260 4.10 5.50 287.00° 83°
2 E 43 3340 2830 31.90 36.70 <70 <70
3 E 45 260 4.20 3.70 4.10 614.00 4n
4 E 48 2.70 330 5.70 6.90 315.00° <70°
5 E 40 16.80 1240 39.50 29.80 <70 <70
6 E 51 <05 2300 <05° 24.80° 104.00 228
7 E 41 7.10 2140 15.00 18.60 135.00 408
8 E 46 550 6.80 8.10 2.70 136.00 724
9 E 42 0.90 1.20 3.80 340 119.00 224
10 E 32 7.80 11.90 5.10 6.60 316.00 259
" G 45 3.80 4.50 3.60 6.10 307.00 336
12 G 45 530 4.00 4.70 1.70 405.00 837
13 G 36 5.80 4.10 1020 370 183.00 119
14 G 43 3.80 7.20 5.70 7.00 110.00 648
15 G 52 11.30° 26.00° 17.10° 57.90° 243.00° <70°
16 G 52 32.20 53.10 31.30 7800 420.00° <70°
17 G 41 <05 0.90 <05 1.90 <70 <70
18 G 46 0.90 840 4.00 9.60 310.00 252
19 G 47 1.80 540 230 6.90 <70 140
20 G 52 9.50 11.30 35.90 41.40 <70 <70

“Rise in LH level to menopausal range at 6 months in 1 patient
PRise in FSH level to menopausal range at 6 months in 1 patient
“Estradiol levels dropped below normal range at 6 months in 4 patients

Normal range in pre-menopausal women for LH is 5 to 25 IU/L and FSH is 4.7-21.5 IU/L
Normal range for Estradiol (E2) in follicular phase is 77-920 pmol/L, mid cycle is 140-2380 pmol/L and luteal phase is 77-1145 pmol/L

between group differences with regard to dominant fi-
broid diameter (p=0.09). For the remaining outcome
measures we found no significant between-group differ-
ences. The clinical significance of the difference in uter-
ine volume reduction is unclear. Although quality of life
and symptom score improved significantly in both
groups from baseline there was no significant difference
between groups. Similarly the re-intervention rate
(which was zero at 6 months) did not vary between
groups although it could be argued that the follow up
period was too short for this outcome measure.

Ovarian function following UAE is difficult to assess.
Even when menses do not return it is almost impossible
in women aged >40y to determine whether this is due to

the natural ageing process or the UAE procedure. We
had hoped AMH levels would provide some answers as
this hormone is a surrogate marker for the total follicle
count indicating ovarian reserve and is independent of
the menstrual cycle day. However although useful in
younger women <40y the current assay available was un-
able to detect any measurable levels in 14 of the 20 pa-
tients at baseline and in 18 of the 20 patients at 6
months. The mean age was 42y and 45y in the E group
and G group respectively. Menses had not resumed in 2
patients in the E group by 6 months; these two patients
were aged 40y and 51y. Menses had resumed in all pa-
tients in the G group at this time point. Interpretation of
these small numbers is difficult and further follow-up is

Table 5 Effect of embolic agent on UFS-Qol symptom score and HRQL score

Embospheres Gelfoam Difference between

Baseline* 6 months*  Change** Baseline* 6 months*  Change** groups (E-GP™*
Symptom score 64 (18) 23 (16) —41 (=56 to —25) p<0.001 54 (15 32 (26) —22(-36t0 -8 p=001 -14(-341t06) p=0.15
HRQL 41 (28) 79 (20) 38 (13t0 63) p=001 53(19) 78 (21) 25(9to0 41) p=001 2 (-181t022) p=084
*Mean (SD)

**Mean of change over time calculated as 6 month - baseline, 95% Cl of change, p-value
***Mean difference between embolic agents at 6 months adjusted for baseline values, 95% Cl of difference. Positive values indicate higher results in the E group
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Table 6 Effect of embolic agent on uterine volume, diameter of largest fibroid, infarction rate and uterine artery patency

Embospheres Gelfoam Difference between
Baseline* 6 months*  Change** Baseline* 6 months*  Change** groups (E-G)

Uterine volume (cc) 1018 (666) 622 (436) —257 (=398 to —115) 1026 (756) 908 (720) —117 (-286t0 52) —281 (—496 to — 66)

p=0.001 p=0.15 p=001

Largest fibroid 9.2 (3.8) 7.3 (34) -20(-30to -1.0) 9.5 (4.8) 8.8 (5.9) -0.7 (-191t0 0.5) -13(-271t002)

diameter (cm) p=0.002 p=0.20 p=0.09

Uterine artery 10 (100%) 10 (10%)

Complete infarction 5 (50%) 2 (20%)

(100%)

Almost complete 3 (30%) 1 (10%)

infarction

(99-90%) 99-90%)

Incomplete infarction 2 (20%) 7 (70%)

(< 90%)

*Mean (SD)

**Mean of change over time calculated as 6 month - baseline, 95% Cl of change, p-value
***Mean difference between embolic agents at 6 months adjusted for baseline values, 95% Cl of difference. Positive values indicate higher results in the E group

required to determine any long-term effect on ovarian
function from either agent.

There have been 5 randomised trials published to date
and all have compared Embospheres with spherical PVA
(3 trials), non-spherical PVA (1 trial) or Beadblock (1 trial)
(Spies et al., 2004; Siskin et al., 2008; Worthington-Kirsch
et al.,, 2011; Yu et al., 2011; McPherson et al., 2014). There
have been no comparative studies with Gelfoam. A recent
systematic review and meta-analysis of these trials found
no superiority of any embolic agent over another (Moss et
al., 2011). Although the outcome measures across these
trials varied there was reasonable information on
UFS-QOL scores and uterine and fibroid volumes. When
the two trials comparing Embospheres with spherical PVA
were specifically combined the authors found a trend to-
wards greater uterine and dominant fibroid volume reduc-
tion with Embospheres. Embospheres also demonstrated
greater fibroid devascularisation than spherical PVA. It
should be noted that spherical PVA is no longer available
as an embolic agent. The systematic review stated that the
comparison between agents was hampered by a lack of
RCT data and encouraged further research (Moss et al.,
2011). There are 4 other trials underway which were iden-
tified in the systematic review including our pilot trial.

This study has several limitations. Firstly there were
only 20 patients in total but from the outset the design
was a pilot trial. Secondly there was no subjective assess-
ment of menstrual loss, for example using a pictorial
menstrual diary. The decision not to use one was based
on our previous experience of poor compliance with
these diaries. Thirdly the patient group was fairly old
(mean age >40y) and AMH proved an ineffective assay
for most of the patients. Refinements in this assay may
hold some hope for the future but at present it seems
only to be useful in women aged <40y which is the age
group of most concern as they tend to wish to maintain

fertility. A larger cohort (n =250) is currently under in-
vestigation in the U.K. FEMME trial which is due to re-
port in 2019 (Macnaught et al., 2016). Finally follow up
was short and it is well recognized that there is a signifi-
cant re-intervention rate beyond this time window out
to 5years and perhaps beyond (Moss et al., 2011).

Conclusion

In conclusion we were only able to demonstrate a sig-
nificance difference between these two embolic agents
with regard to uterine volume reduction. The clinical
significance of this is unclear and was not reflected in
any difference in quality of life or any other outcome
measures. All the other parameters including haemato-
logical, inflammatory and ovarian function showed no
differences together with fibroid infarction and uterine
artery patency rates. There were no differences in radi-
ation penalty, quality of life or other clinical parameters.
Further research is clearly needed in this area and to de-
tect a difference in mean UFS-QOL symptom score of
0.5 standard deviation with 90% power would require a
trial of at least 172 patients, 86 in each arm.

Abbreviations

AMH: Antimullerian hormone; E: Embospheres; FSH: Follicular stimulating
hormone; G: Gelfoam; LH: Luteinizing hormone; PVA: Polyvinyl alcohol;
UAE: Uterine artery embolization

Acknowledgements
Not applicable

Funding
The study was funded by a research grant from the British Society of
Interventional Radiology.

Availability of data and materials
Please contact author for data requests.



Yadavali et al. CVIR Endovascular (2019) 2:4

Authors’ contributions

RY and GA wrote the paper. JGM edited and submitted the final paper and
designed and took overall responsibility for the study. MS was the trial co-
ordinator, randomised the patients and monitored follow up. KM was the
study statistician and ran all the analyses. GMcN provided expertise on the
imaging protocols and analysis. IH provided gynaecological expertise. FB and
SL analysed the imaging. All authors read and approved the final manuscript.

Ethics approval and consent to participate
The study was approved by the regional ethics committee (West of Scotland
REC ref. 09/50703/108).

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

YInstitute of Cardiovascular and Medical Sciences, BHF Glasgow
Cardiovascular Research Centre, 126 University Place, Glasgow G12 8TA, UK.
School of Mathematics and Statistics, University of Glasgow, Glasgow G12
8QW, UK. *Clinical Research Imaging Centre, University of Edinburgh, Queen’s
Medical Research Institute, 47 Little France Crescent, Edinburgh EH16 4TJ, UK.
“University Department of Obstetrics and Gynaecology, Glasgow, New Lister
Building, 10-16 Alexandra Parade, Glasgow G31 2ER, UK. *Radiology
department, Stobhill ACH Hospital, 133 Balornock Road, Glasgow G21 3UW,
UK. ®Radiology department, Gartnavel General Hospital, 1053 Great Western
Rd, Glasgow G12 OYN, UK.

Received: 30 October 2018 Accepted: 12 December 2018
Published online: 08 January 2019

References

Das R, Champaneria R, Daniels JP, Belli AM (2014) Comparison of embolic agents
used in uterine artery embolization: a systematic review and meta-analysis.
Cardiovasc Intervent Radiol 37:1179-1190

Edwards R, Moss J, Lumsden M et al (2007) Uterine-artery embolization versus
surgery for symptomatic uterine fibroids. N Engl J Med 356:360-370

Katsumori T, Kasahara T, Akazawa K et al (2006) Long-term outcomes of uterine
artery embolization using gelatin sponge particles alone for symptomatic
fibroids. Am J Roentgenol 186:848-854

Macnaught G, Ananthakrishnan G, Hinksman L et al (2016) Cardiovasc Intervent
Radiol 39:376 https://doi.org/10.1007/500270-015-1179-z

McPherson K, Manyonda |, Lumsden MA, Belli AM, Moss JG, Wu O, Middleton L,
Daniels J (2014) A randomised trial of treating fibroids with either
embolisation or myomectomy to measure the effect on quality of life
among women wishing to avoid hysterectomy (the FEMME study): study
protocol for a randomised controlled trial. Trials 15:468. https://doi.org/
10.1186/1745-6215-15-468

Moss J, Cooper K, Khaund A, Murray L, Murray G, Wu O, Craig L, Lumsden M
(2011) Randomised comparison of uterine artery embolisation (UAE) with
surgical treatment in patients with symptomatic uterine fibroids (REST trial):
5-year results. BJOG 118:936-944

Sacks D, McClenny TE, Cardella JF, Lewis CA (2003) SIR clinical practice guidelines.
JVIR 14:5199-5202

Siskin GP, Beck A, Schuster M, Mandato K, Englander M, Herr A (2008) Leiomyoma
infarction after uterine artery embolization: a prospective randomized study
comparing tris-acryl gelatin microspheres versus polyvinyl alcohol microspheres.
J Vasc Interv Radiol 19(1):58-65

Spies JB, Allison S, Flick P et al (2004) Polyvinyl alcohol particles and tris-acryl
gelatin microspheres for uterine artery embolization for leiomyomas: results
of a randomized comparative study. J Vasc Interv Radiol 8:793-800

Spies JB, Allison S, Flick P et al (2005) Spherical polyvinyl alcohol versus tris-acryl
gelatin microspheres for uterine artery embolization for leiomyomas: results
of a limited randomized comparative study. J Vasc Interv Radiol (11):1431-1437

Page 8 of 8

Spies JB, Coyne K, GuaouGuaou N et al (2002) The UFS-QOL, a new disease-
specific symptom and health-related quality of life questionnaire for
leiomyomata. ObstetGynecol 99:290-300

van Rooij IA, Broekmans FJ, Scheffer GJ, Looman CW, Habbema JD, de Jong FH,
Fauser BJ, Themmen AP, te Velde ER (2005) Serum antimullerian hormone
levels best reflect the reproductive decline with age in normal women with
proven fertility: a longitudinal study. Fertil Steril 83(4):979-987

Wilcox LS, Koonin LM, Pokras R et al (1994) Hysterectomy in the United States, 1988-
1990. Obstet Gynecol 83(4):549-555

Worthington-Kirsch RL, Siskin GP, Hegener P, Chesnick R (2011) Comparison of
the efficacy of the embolic agents acrylamide polyvinyl alcohol microspheres
and tris-acryl gelatin microspheres for uterine artery embolization for
leiomyomas: a prospective randomized controlled trial. Cardiovasc Intervent
Radiol 34(3):493-501

Yu SC, Lok I, Ho SS, Tong MM, Hui JW (2011) Comparison of clinical outcomes of
tris-acryl microspheres versus polyvinyl alcohol microspheres for uterine
artery embolization for leiomyomas: results of a randomised trial. J
VasclntervRadiol 22(9):1229-1235

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1007/s00270-015-1179-z
https://doi.org/10.1186/1745-6215-15-468
https://doi.org/10.1186/1745-6215-15-468

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial registration

	Introduction
	Methods
	Patients
	Procedures
	Outcome measures
	Imaging
	Statistical analysis

	Results
	Embolic agent dose and radiation dosimetry
	Inflammatory markers and hormonal assays
	Quality of life and symptom score (UFS-QoL)
	Complications and re-interventions
	Pain scores, return to work and return of menses
	Imaging outcomes

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

