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PURPOSE: To determine the long-term outcome of uterine fibroid therapy (UFE) using tris-acryl gelatin microspheres (TAGM).

MATERIALS: This was a multicenter prospective study of patients undergoing UFE with TAGM, and during this
phase of the study, the clinical outcomes 3 years after treatment were assessed. Measures of outcome included the Ruta
Menorrhagia Questionnaire, patient self-assessments of symptoms and impact on activities, patient satisfaction and
health-related quality of life as measured by the SF-12. Long-term re-intervention rates were also assessed. The data
were analyzed at each interval compared to baseline using appropriate statistical tests.

RESULTS: Of the 102 patients enrolled, 96 patients had complete baseline data and of these, 69 (72%) had known
outcomes at 3 years after treatment. Sixty-one patients (64%) completed long-term follow-up without major interven-
tion. An additional 8 patients (8.3%) underwent fibroid surgery (7 hysterectomies and 1 myomectomy). Among those
without intervention, at 3 years after treatment, the mean Ruta Questionnaire Score was 19.3, compared to 47.9 at
baseline and 24.5 at 3 months (P <.01). At baseline, 57% of patients had extremely heavy bleeding, while only 2% had
that complaint at 36 months. At 36 months, much or moderate improvement in pelvic pain occurred in 83% of patients,
pelvic discomfort in 83%, and urinary problems in 69% and 84% were moderately or very satisfied with their outcome.

CONCLUSIONS: Over the long-term, UFE using TAGM is effective and safe, with high levels of durable symptom
control, improved health-related quality of life and patient satisfaction.
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IN recent years, uterine fibroid embo-
lization (UFE) has become accepted as
safe and effective in controlling the
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symptoms caused by uterine fibroids.
Several studies have confirmed the ef-
fectiveness of uterine embolization at
12 months after treatment (1–4). There
are also recent studies published that
begin to address the question of long-
er-term outcome (5,6), although these
longer-term data are from patients in
whom polyvinyl alcohol (PVA) parti-
cles or gelatin sponge was the embolic
material used.

Tris-acryl gelatin microspheres (Em-
bosphere Microsphere; Biosphere Med-
ical, Rockland, Mass) were cleared for
use in the United States by the U.S.
Food and Drug Administration in
2000, with clearance specifically for
UFE in December of 2002. It is the first
embolic material to receive that desig-
nation in the United States. There is

considerable experience with the ma-
terial now, with publication of results
from a number of short- and mid-term
studies (7–9). There are little data,
however, about the long-term out-
come of using these microspheres for
UFE.

As a part of the original evalua-
tion of this product, a study was un-
dertaken that compared the out-
comes with UFE and hysterectomy
for 1 year after embolization. The re-
sults for the comparative portion of
the study were published in 2004
(10). Although follow-up in the pa-
tients who underwent hysterectomy
ended at 12 months, the patients who
underwent embolization continued
to be followed up for 3 years. The
outcomes from that cohort of pa-
tients after completion of follow-up

are presented in this report.
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MATERIALS AND METHODS

A detailed presentation of the
methods has been previously pub-
lished (10). The long-term follow-up
portion of this study continued only
for those who had undergone emboli-
zation. Each patient gave their consent
for 3-year follow-up, and each par-
ticipating site’s institutional review
board approved the protocol.

This was a prospective nonrandom-
ized study of patients undergoing
uterine embolization in seven centers
in the United States. All patients were
determined at the initiation of the
study to be premenopausal, between
the ages of 30 and 50 years, inclusive,
with symptomatic fibroids. Because
the long-term outcome was primarily
based on the control of menorrhagia,
each patient must have had heavy
menstrual bleeding at baseline. Heavy
menstrual bleeding was determined
by subjective patient self-report and
not based on questionnaire score. Pa-
tients were excluded if they had sub-
mucosal fibroids with more than 50%
of their diameter within the uterine
cavity or if they had a dominant pe-
dunculated subserosal fibroid. Initial
imaging was completed by using ei-
ther ultrasonography or magnetic res-
onance (MR) imaging. The vascularity
of the fibroids—either before or after
embolization—was not evaluated as a
part of the study. The uterus and dom-
inant (largest) fibroid were measured
at baseline and at follow-up imaging
performed at 3 and 6 months. These
results were reported previously and
are not included herein. No study-re-
lated imaging was performed more
than 6 months after the procedure.

Complications were reported in the
initial report and are not included
herein. Subsequent interventions, in-
cluding hysterectomy, myomectomy,
and repeat embolizations, were re-
corded.

Clinical measures of outcome were
obtained at 3, 6, 12, 24, and 36 months
after treatment. For symptom change
as a result of therapy, several mea-
sures were used. A pictorial blood loss
assessment chart was used for the
early portion of the study, but those
results were reported earlier and will
not be repeated in this report. A men-
orrhagia questionnaire developed by
Ruta et al (11) was also used at base-

line and at each follow-up interval. Pa-
tients were also asked to rate the se-
verity of their menstrual bleeding at
each interval and the effect their fi-
broids had on their daily activity both
during and between periods. The pa-
tients were given an additional ques-
tionnaire in which a 7-point scale
(much worse through much better)
was used to rate changes in menstrual
bleeding, pelvic pain, pelvic discom-
fort, urinary dysfunction, and satisfac-
tion with outcome. In addition, the
SF-12 generic quality of life question-
naire was administered at each inter-
val.

Summary statistics were used to as-
sess the data and comparisons made
with t tests, paired t tests, and sign
tests. Statistical significance level was
set at .05.

RESULTS

Of the original 102 patients, 96 had
complete data at baseline and were
eligible for long-term follow-up. The
final patient was treated in September
2001. Follow-up data at each interval
were available for the following num-
bers of patients: 88 at 3 months, 88 at 6
months, 82 at 12 months, 73 at 24
months, and 61 at 36 months. Fol-
low-up was discontinued at interven-
tion in any patients requiring hyster-
ectomy, myomectomy, or repeat
embolization, which accounts for an
additional eight patients. Thus, known
outcomes are available from 69 of the
96 patients (72%). Not all patients,
however, provided all outcome mea-
sures at the final follow-up interval,
and the numbers providing follow-up
are detailed in each of the tables pro-
vided.

The results from the menorrhagia
questionnaire are presented in Table
1. Only 48 patients completed this
questionnaire at 36 months, and paired
data were available from only 41 pa-
tients. However, the results show a sub-
stantial and statistically significant im-
provement in scores (with lower scores
being better), and the mean scores re-
mained improved for the duration of
the study. These findings are well
aligned with the patient self-assessment
of menstrual bleeding (Table 2). At
baseline, 54% of patients rated their
bleeding as extremely heavy and 42%
rated their bleeding as moderately
heavy. During the 36-month follow-up,

only 3% or less rated their bleeding as
extremely heavy and less than 28% of
patients complained of moderately
heavy bleeding. At 36 months after
treatment, 22% of patients noted that
they were not having periods.

Bulk symptoms of pain, discomfort,
and urinary problems (Table 3) were
substantially improved in most pa-
tients, although a smaller number of
patients had substantially improved
urinary symptoms at each of the data
intervals.

Quality of life was measured with
the SF-12 questionnaire, and the re-
sults are presented in Table 4. This
12-question questionnaire is scored
and normalized to a mean score of 50
and a standard deviation of 10 for the
general U.S. population in 1998 (12).
The mean physical and mental sum-
mary score for patients before emboli-
zation was 45. The physical summary
score increased to 51.8 by 3 months
and to 53.7 by 36 months, whereas the
mean mental score was 52.1 at 3
months and 53.3 at 36 months. The
patient’s perception of health status
correspondingly increased, from a
mean of 69.5 to 86.3 by 36 months. At
the conclusion of the study, 84% of
patients were very or moderately sat-
isfied with the symptom control from
the procedure.

During the course of follow-up,
eight of the 96 patients (8.3%) under-
went fibroid surgery (seven hysterec-
tomies and one myomectomy). There
were no repeat embolizations. Specific
indications for the repeat interven-
tions were not recorded.

DISCUSSION

The short-term outcome of UFE, in-
cluding efficacy and safety, have been
well documented in single-center case
series (2,4,13) and in broader practice,
such as the Fibroid Registry for Out-
comes Data (FIBROID) (14,15). These
demonstrate that a high proportion of
patients have a significant improve-
ment in symptoms of heavy menstrual
bleeding and bulk-related symptoms.
The complications have been reported
in one large single center (16) and in
the multicenter FIBROID (15); less
than 3% of patients have complica-
tions necessitating either hospitaliza-
tion or repeat intervention. Most com-
plications are minor, requiring only
medication, or are self-limited. A re-

cent comparative study did show a
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higher technical failure rate, a higher
minor complication rate in the first 6
weeks after treatment, and a higher
repeat admission rate for UFE when
compared with hysterectomy (17).
That study showed no difference in
major complications.

Until the past few years, little has
been known about the long-term out-
come of UFE. A small retrospective
series regarding the outcome after
UFE with PVA particles versus myo-

Table 1
Results of the Menorrhagia Questionnai

Data Evaluated

All data
Mean score � standard deviation 4
Range 1

Paired data (n � 41)*
Mean score � standard deviation 4
Range

Note.—The difference between the scores
value was calculated with t tests, paired
* Paired data are from those patients who

Table 2
Patient Assessment of Menstrual Bleedi

Description of
Bleeding

Before
Treatment
(n � 95)

Extremely heavy 54 (57)
Moderately heavy 40 (42)
Normal 1 (1)
Light 0 (0)
No periods 0 (0)

Note.—Data are given as numbers of pat

Table 3
Bulk Symptom Status: Proportion of Pat

Symptom 3 mo (n � 86)

Pelvic pain 63 (73)
Pelvic discomfort 61 (71)
Urinary problems 46 (53)

Note.—Data are given as numbers of pat
mectomy at 3 years has been pub-
lished (18). In that study, 51 patients
who underwent embolization and 30
patients who underwent myomec-
tomy were compared at a minimum of
36 months after treatment. For those
patients not needing additional inter-
vention, there were similar levels of
symptom improvement and patient
satisfaction. However, the repeat in-
tervention rate was higher for patients
who underwent embolization than for
those who underwent myomectomy

efore
atment
� 96)

A

3 mo
(n � 83)

6 mo
(n � 83)

� 13.1 24.5 � 13.1 21.03 � 11.9
9–83.33 7.1–64.3 7.1–64.3

� 13.5 22.9 � 10.7 18 � 8.6
3–83.3 7.1–54.8 7.1–52.4

each time interval and that at baseline we
sts, and sign tests.
d data available at each follow-up interva

After

3 mo
(n � 87)

6 mo
(n � 88) (n

3 (3) 3 (3)
38 (44) 25 (28) 1
27 (31) 37 (42) 3
13 (15) 18 (20) 2

6 (7) 5 (6)

ts. Numbers in parentheses are percentage

ts with Moderate to Substantial Improve

Time after Embolizat

6 mo (n � 87) 12 mo (n � 81)

68 (78) 77 (83)
71 (82) 67 (81)
58 (66) 56 (69)

ts. Numbers in parentheses are percentage
(29% vs 3%, P � .004).
More recently, results of a 5-year
study were reported (6). In that study,
200 patients were treated, all with
PVA particles. The results revealed a
high level of symptom control, with
73% of patients still improved at 5
years. There was recurrence in 20% of
patients, with 13.7% of patients under-
going a hysterectomy. In those pa-
tients without intervention, satisfac-
tion remained high. In March of 2006,
a group of 96 patients treated with

r Treatment

12 mo
(n � 78)

24 mo
(n � 67)

36 mo
(n � 48)

7.1 � 10.1 19.7 � 11.8 19.2 � 11
2.4–61.9 0–54.8 0–57.1

8.6 � 11.7 17.8 � 9.4 20.1 � 10.7
2.4–61.9 0–54.8 0–57.1

tatistically significant (P � .001). P

� 41).

eatment

o
83)

24 mo
(n � 71)

36 mo
(n � 59)

1) 2 (3) 1 (2)
20) 17 (24) 14 (24)
46) 33 (46) 22 (37)
25) 15 (21) 9 (15)
7) 4 (6) 13 (22)

nt after Embolization

24 mo (n � 73) 36 mo (n � 59)

60 (83) 49 (83)
61 (83) 49 (83)
44 (62) 42 (69)
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sumori et al (5), who demonstrated an
89% cumulative success rate for those
followed up for 5 years. The mean fol-
low-up among those patients was 37
months. The cumulative failure rate at
3 and 5 years was 12.7%, which are
similar to those reported in earlier
long-term reports.

In these studies, the embolization
procedures were completed with PVA
particles or gelatin sponge, neither of
which are the most common embolic
material in current use. On the basis of
the FIBROID Registry, most emboliza-
tion procedures in the United States
are currently performed by using tris-
acryl gelatin microspheres (15). It is
important to document the long-term
efficacy of each approved embolic ma-
terial, given the published data indi-
cating that outcome may vary on the
basis of type of embolic material (19).
Therefore, the long-term outcome in
patients treated with tris-acryl gelatin
microspheres is important to deter-
mine, and this was the aim of our
study.

We found a very high rate of con-
tinued symptom control in those pa-
tients who completed follow-up. Most
patients had dramatic and sustained
improvement in menstrual bleeding
and bulk symptoms. The measures of
health-related quality of life were in-
creased from below the norm to above
the norm, and patient’s self-assess-
ment of their health status was also
high. The rate of repeat intervention is
similar to that noted in earlier studies

Table 4
Results of SF-12 Questionnaire with Reg

Parameter Evaluated

Physical status
Mean score � standard deviation
Range
P value

Mental status
Mean score � standard deviation
Range
P value

Overall health status
Mean score � standard deviation
Range

No. of patients who were moderately
or very satisfied
with other materials. These findings
all support the effectiveness of this
material as an embolic agent for UFE.

This study is among the first to
measure quality of life by using the
SF-12, which is a generic quality of life
instrument. In addition, it is among
the first to measure long-term quality
of life after UFE. Given that the SF-12
questionnaire consists of only 12 ques-
tions, it would be presumed to be rel-
atively insensitive to small disease-
specific changes in health status. It is
therefore somewhat surprising to see
the extent of the improvement of the
questionnaire scores that are sustained
over time. This suggests a robust im-
provement in the broad health status
for these women as a result of this
therapy.

Much of current opinion on em-
bolic use, including the various types
and appropriate sizing, is based on
empiric experience or animal studies.
Only a few studies in which the clini-
cal and imaging outcomes are com-
pared are based on randomized stud-
ies. The first randomized study (20)
was published in 2004 and compared
tris-acryl gelatin microspheres to PVA
particles. The investigators found no
difference in fibroid infarction rates or
short-term clinical outcomes. A sec-
ond similar study (19) compared tris-
acryl gelatin microspheres to spherical
PVA particles and did show a substan-
tial difference in fibroid infarction
rates, with much lower rates of fibroid
infarction for spherical PVA particles
compared to tris-acryl gelatin micro-

to Overall Health Status and Satisfactio

Before
eatment
n � 96)

A

3 mo
(n � 88)

6 mo
(n � 88)

5 � 8.3 51.8 � 6.7 52.4 � 6.2
26–61.6 22.3–58.5 23.3–62.6

�.001 �.001

5 � 11.5 52.1 � 7.7 52.9 � 7.9
2.3–63.4 23.8–61.6 20.5–60.8

�.001 �.001

.5 � 19.1 82.6 � 14.2 85.1 � 11.3
0–100 28.7–100 43.8–100

78 (89%) 78 (89%)
spheres. To our knowledge, there are
no randomized studies that compare
the use of the various sizes of embolic
material(s).

There are limitations in our study.
The most important is the loss of some
patients to long-term follow-up, with
known outcomes in 72% of patients.
The primary outcome measures for
this study were obtained at 6 and 12
months after treatment and, perhaps
as a result, the willingness of patients
to continue long-term follow-up may
have diminished after that point. Be-
cause embolization was considered to
have failed in eight patients due to
subsequent intervention, there are
data available for analysis in even a
smaller number of patients (61 of 96
[64%]) and complete data sets for all
follow-up intervals in even fewer pa-
tients. This rate of follow-up is lower
than that of other long-term studies,
with 83% of patients undergoing long-
term follow-up in one similar study (5)
and 90% of patients undergoing long-
term follow-up in another (6). Thus,
the results must be interpreted with
caution and it should be recognized
that additional studies may be re-
quired before definitive conclusions
can be reached.

Another limitation of this study
was the lack of long-term imaging fol-
low-up, a weakness also shared by the
other reported long-term studies. If
performed, contrast media–enhanced
MR imaging may have shed light on
fibroid infarction rates, and this has
been suggested as one surrogate mea-

ith Outcome

r Treatment

12 mo
(n � 82)

24 mo
(n � 73)

36 mo
(n � 61)

3.6 � 5.9 52.5 � 6.3 53.7 � 5.1
23.1–64.1 24.8–59.8 30.7–62.8

�.001 �.001 �.001

2.6 � 7.8 53.8 � 7.7 53.3 � 7.4
23.2–61.7 21.8–64.3 25.2–63.1

�.001 �.001 �.001

6.4 � 14.2 83.9 � 15.3 86.3 � 11.2
0–100 0–100 48–100

84 (91%) 64 (88%) 52 (85%)
ard n w

Tr
(

fte

4 5

4 5
2

69 8
sure of long-term outcome (21). As
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with many of the longer-term studies
that have been published, however,
this study was begun before the im-
portance of imaging findings on long-
term outcome was appreciated and,
thus, long-term imaging follow-up
was not included in the study design.

Despite these limitations, this study
provides new data with regard to
broad improvements to long-term
health status in women undergoing
UFE. Furthermore, our results suggest
that UFE with tris-acryl gelatin micro-
spheres is effective and durable, with
outcomes comparable to those re-
ported in other long-term studies with
other embolic material.
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