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Nonresective treatments for uterine fibroids: a systematic review of uterine and
fibroid volume reductions

Melody Taheria, Laura Galob, Callum Pottsb, Khaled Sakhelb and Stephen Derek Quinna

aDepartment of Gynaecology, St Mary’s Hospital, Imperial College Healthcare Trust, London, UK; bDepartment of Obstetrics and Gynecology,
Inova Fairfax Hospital, Falls Church, VA, USA

ABSTRACT
Patients are increasingly seeking uterus-preserving, minimally invasive treatments for symptomatic
uterine fibroids. This has led to a greater use of nonresective treatments such as uterine artery embol-
ization (UAE), focused ultrasound (FUS) and more recently, radiofrequency ablation (RFA) of fibroids.
This systematic review, following PRISMA guidelines, examines the change in uterine and fibroid vol-
umes associated with UAE, FUS, and RFA. Pubmed and MedlinePlus databases were searched from
1956 to 2016. The keywords used were ‘radiofrequency ablation,’ ‘magnetic resonance guided focused
ultrasound,’ ‘ultrasound guided focused ultrasound’, ‘uterine artery embolization,’ ‘uterine fibroid
embolization,’ and ‘leiomyoma’ or ‘fibroid’. Publications with at least 20 patients were included. Data
were collected and analyzed using Microsoft ExcelVR (Microsoft Corporation, Redmond, WA) software.
Eighty-one relevant papers were identified: 52 related to UAE, 11 to RFA, 17 to FUS, 1 compared UAE
and FUS. We report the published uterine volume and fibroid volume changes seen in these studies
at 1 to 36months. The pooled fibroid volume reductions at six months seen with RFA were 70%, UAE
54% and FUS 32%. All three types of nonresective treatment result in fibroid volume reduction.
However, fibroid volume reduction is most marked with RFA, with UAE resulting in the next most vol-
ume reduction. Additional larger cohort studies, including those that are randomized and/or compara-
tive, would enable definitive conclusions. This is the first systematic review comparing uterine and
fibroid volume reduction after RFA, UAE and MRgFUS.
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Introduction

Uterine fibroids may be present in over 70% of the premeno-
pausal population [1,2], with a prevalence that increases with
age [3]. It is estimated that as many as 50% of leiomyomas
are symptomatic [4] and represent the most common indica-
tion for hysterectomy in many countries. Fibroids account for
approximately 240 000 cases, or 40% of all hysterectomies
performed annually in the United States [5] and nearly
20 000 inpatient admissions in the United Kingdom [6].
Uterus-sparing treatment options have been increasing in
usage because of many women’s desire to preserve fertility
and/or their uteri, as well as to avoid major surgery; income,
education and insurance type also may play a role in the
choice of fibroid treatment [7]. In a prospective study on
management options chosen by 933 women with symptom-
atic leiomyomas, only 16% had hysterectomy, 27% had at
least one uterus-sparing procedure, and 57% chose nonpro-
cedural interventions [8].

Uterus-sparing procedures include myomectomy (transab-
dominal, laparoscopic or hysteroscopic routes), radiofre-
quency ablation (RFA), uterine artery embolization (UAE), and

focused ultrasound (FUS), which can be performed under
magnetic resonance guidance (MRgFUS) or ultrasound guid-
ance (USgHIFU). Of note, alternatives to hysterectomy that
leave treated fibroids in-situ (e.g., RFA, UAE and FUS) are
effective with regard to durable symptom relief if and only if
there is some degree of reduction in total fibroid volume [9].
While data from studies involving MRgFUS have suggested
that nonperfused volumes >20% are associated with sus-
tained symptom relief at 24months, it is also expected that
higher percentages of fibroid ablation are more likely to
result in improved clinical outcomes [10–12]. Similarly, the
percentage of fibroid tissue that is infarcted during UAE is
also predictive of clinical outcome [13]. With this understand-
ing that greater ablation is associated with higher treatment
success, the aim of this systematic review is to compare and
contrast the existing literature on fibroid and uterine volume
changes among current nonresective uterus-sparing treat-
ment modalities: RFA, UAE and FUS. This is the first system-
atic review of its kind. There has not previously been a study
that collates data from primary studies on fibroid or uterine
volume changes with these three uterine sparing, nonresec-
tive treatments nor have these modalities been compared to
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one in another in this way. The aim is to identify all reported
fibroid and uterine volume changes with RFA, UAE and FUS
with the hope to inform the clinician and patient as part of
the decision making process regarding the best treat-
ment option.

Materials and methods

PRISMA guidelines were used to perform this systematic
review. The PICO model was used to formulate the search
criteria. The population were patients having treatments for
their fibroids. The interventions were RFA, UAE and FUS. The
outcome was change in fibroid or uterine volume. PubMed
and MedlinePlus databases were searched from October
1956 to September 2016. Two authors, S.K. and M. T, inde-
pendently searched the databases to identify all relevant
papers. The keywords used were ‘radiofrequency ablation,’
‘magnetic resonance-guided focused ultrasound,’ ‘ultrasound-
guided focused ultrasound’, ‘uterine artery embolization,’
‘uterine fibroid embolization,’ and ‘leiomyoma’ or ‘fibroid.’
Initially, all identified paper titles and abstracts were
reviewed and any abstract that may have had relevant data
had a full paper review by the authors. All papers were
reviewed by 2 of the 3 authors MT, KS and CP using an
established standardized scoring system. The NIH quality
assessment tool for observational cohort and cross-sectional
studies were used. Relevant papers which scored a value of
good or fair were included. It was agreed that any papers
where there was disagreement about inclusion would be dis-
cussed; however, there were no papers where there was dis-
agreement. Publications in the English language that were
retrospective, prospective, and case series that had at least
20 patients were included. If the study reported on more
than one treatment, each treatment arm had to include 20
or more patients. Any papers that provided data on change
in uterine or fibroid volumes at any time, following treat-
ment in patients who had been treated with UAE, RFA or
FUS, were included. Papers that included patients who also
had adenomyosis were excluded. Studies from the same
research group were compared to ensure that there was no
repetition of data.

Measurements by ultrasound scan, MRI or CT scan were
included and analyzed together. Radiofrequency ablation via
the laparoscopic or transcervical routes were included, as
was data with and without concurrent imaging guidance. For
MRgFUS studies, data on nonperfused fibroid volumes and
fibroid intensity on T2-weighted MRI images were also col-
lected, when available (nonperfused fibroid volume refers to
the volume of a fibroid that has been devascularized second-
ary to the treatment, and thus does not demonstrate con-
trast enhancement on MR imaging). Nonperfused volume
(NPV) is usually provided as the percentage of fibroid volume
that lacks contrast enhancement. The signal intensity of the
fibroid is determined by its appearances on T2-weighted MRI
scan; hyperintense lesions are brighter than skeletal muscle,
isointense appear equivalent and hypointense are darker.
Signal intensity relates to blood flow within the fibroid with

hyperintense fibroids being the most vascular. Articles that
focused on pregnant patients and patients without leiomyo-
mas were excluded. Data were collected and analyzed using
Microsoft ExcelVR (Microsoft Corporation, Redmond,
WA) software.

Results

The literature search yielded 660 abstracts; 579 of these were
excluded using the criteria as detailed in the methodology.
Figure 1 summarizes the results of the literature search and
the selection process for eligibility. Of the 81 remaining
papers, 11 related to RFA, 52 to UAE and 17 to FUS (three of
these ultrasound-guided and the remaining magnetic reson-
ance guided) and 1 paper directly compared MRgFUS and
UAE. Table 1 shows a summary of the basic demographic
data for each treatment modality. The mean age stated in
the studies ranged from 32.4 to 52 years.

There was heterogeneity in the reporting of data between
the papers. A percentage volume reduction of the uterus or
fibroids was stated or could be calculated from all the
included papers. However, not all publications provided a
standard deviation or range for this data. Based on the pub-
lished data available, in view of this heterogeneity, a meta-
analysis could not be performed. In some studies, fibroid vol-
ume reduction was measured only in the dominant fibroid
and in others, all treated fibroids were included. The results
here show these categories combined as reduction in size
of fibroids.

Records iden�fied through 
database searching 

(n = 1939)

Records a�er duplicates removed 
(n = 660) 

Records screened 
(n = 660) 

Records excluded 
(n =399) 

Full-text ar�cles assessed 
for eligibility 

(n = 261)

Full-text ar�cles excluded 
(n = 180) 

Studies included in 
qualita�ve synthesis 

(n =81)

Reasons for exclusion: 

• Paper not relevant 
• Paper fell outside �me 

parameters 
• No data on volume change 
• Review paper 
• Repeated data from the 

same group 
• Some pa�ents also had 

adenomyosis 
• Cohort number was too 

small  

Figure 1. Flowchart of process to select eligible papers.
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Radiofrequency ablation

Eleven papers reported on changes in uterine or fibroid vol-
ume reduction after RFA, mostly with noncommercial, ‘off the
shelf’ devices often repurposed from other RFA systems
designed for hepatic tumors. Two papers compared two
groups. Galen et al. [14] presented multi-center, multi-study
data of patients from pilot studies of a commercial laparo-
scopic RFA system. Yin et al. [15] split their patient group into
premenopausal and menopausal cohorts. However, the defin-
ition of this was not provided and menopausal women
appeared to be menstruating from the study description. Data
are also available for two commercial devices. The commercial
laparoscopic system (AcessaVR , (Halt Medical, Brentwood, CA)
was associated with a 45.1% reduction in total fibroid volume
at 12months [16]. A transcervical device (the SonataVR System,
Gynesonics, Redwood City, CA), which is in commercial use in
Europe and the United States, demonstrated a 66.6% reduc-
tion in total fibroid volume at 12months [17,18]. Table 2
reports pooled data of fibroid volume reductions from the
RFA studies. The means of the studies at each time point
were pooled. The minimum and maximum reported fibroid
volume reductions are reported as well as the number of
studies reporting data at each time point.

Four papers reported on uterine volume reductions fol-
lowing RFA. The maximum uterine volume reductions at any
time point ranged from 20% to 40%, with the minimum
reported reduction of 15%.

Uterine artery embolization

Fifty-two papers reported on changes in fibroid or uterine
volume size after treatment with UAE. Four of these

compared two groups, both undergoing UAE but with differ-
ent cohorts, treatment protocols or successful outcome defi-
nitions. Toor et al. [19] reported on patients thought to have
had a successful embolization against those thought to have
had an unsuccessful procedure. Treatment was considered to
have failed if a patient’s symptoms worsened or failed to
improve, and/or if patients actively sought or had secondary
treatment for their fibroids. Bilhim et al. [20] compared UAE
with small polyvinyl alcohol particles (350–500 mm) and large
(500–700 mm) particles. Kim et al. [21] compared patients
who had utero-ovarian anastomoses with those who did not
have anastomoses, as demonstrated at angiography. Song
et al. [22] compared two embolization particles with one
group having nonspherical polyvinyl alcohol particles and
the other having gelatin sponge particles. Ikink et al. [23]
compared MRgFUS to UAE. Table 3 reports pooled data of
fibroid volume reductions from the RFA studies. The means
of the studies at each time point were pooled. The minimum
and maximum reported fibroid volume reductions are
reported as well as the number of studies reporting data at
each time point. No papers reported on fibroid volume
reductions at 36months.

Forty-two papers reported on uterine volume reductions
following UAE. The maximum uterine volume reductions at
any time point ranged from 25% to 75%, with the minimum
reported reduction of 13%.

Focused ultrasound

Eighteen papers reported on changes in fibroid or uterine
volume size after treatment with FUS, with either MR guid-
ance or real-time sonographic imaging. This includes the
paper by Ikink et al. [23] comparing it to UAE. Table 4
reports pooled data of fibroid volume reductions from the
RFA studies, and Figure 2 illustrates the relationship between
NPV achieved and fibroid volume reduction in these studies.

Two papers reported on uterine volume reductions fol-
lowing FUS. The maximum uterine volume reductions at any
time point ranged from 16% to 28%, with the minimum
reported reduction of 11%.

A full table of NPV, fibroid intensity and fibroid volume
reduction is available in Table S4.

Table 1. Summary of basic demographic data for RFA, UAE and FUS.

Modality RFA UAE FUS

Years of study 2007–2016 2000–2015 2004–2015
Uterine Volume Studies
Total number of studies 4 42 2
Total N for all studies 274 3863 91
Pooled starting

volume ± SD
253.75 ± 49.06 575.80 ± 272.27 885.35 ± 132.02

Fibroid Volume Studies
Total number of studies 8 46 18
Total N for all studies 1757 4101 682
Pooled starting

volume ± SD
84.35 ± 85.06 208.32 ± 112.41 209.98 ± 77.83

Table 2. Pooled data of fibroid volume reductions from the RFA studies.

Follow up period 3 months 6 months 9 months 12 months 24 months 36 months

Pooled mean fibroid volume reduction ± SD 55%± 9% 70%±5% 78% 75%± 15% 83%± 8% 84%
Minimum 40% 63% 78% 45% 73% 84%
Maximum 70% 78% 78% 90% 90% 84%
No. of papers 7 6 1 7 4 1

Table 3. Pooled data of fibroid volume reductions from the UAE studies.

Follow up period 3 months 6 months 9 months 12 months 24 months

Pooled mean fibroid volume reduction ± SD 44%± 9% 54%± 10% 61%± 10% 66%±10% 70%±11%
Minimum 20% 35% 35% 51% 60%
Maximum 60% 78% 75% 91% 86%
No. of papers 31 28 5 16 4
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Comparing modalities

Figure 3 demonstrates percentage fibroid volume reductions
at three and six months for each treatment modality.

The full set of all collected data is summarized in
the appendices. Table S1 shows all data on basic demo-
graphic data including starting uterine and fibroid volumes.
Table S2 shows data on the fibroid volume reductions and
Table S3 on uterine volume reductions. Table S4 reports the
available data on NPV and fibroid intensity in the
FUS studies.

Discussion

The aim of this systematic review is to compare the pub-
lished data on fibroid and uterine volume reductions follow-
ing nonresective, uterus-conserving treatments for fibroids.
While the heterogeneity of the data meant that meta-ana-
lysis was not possible, meaningful trends can be observed in
the collected data.

Fibroid and uterine volume reductions have been demon-
strated with UAE, RFA and FUS (MRgFUS and USgHIFU). The
fibroid volume reductions appear more marked with RFA
and UAE than with FUS, which is clearly demonstrated by
both the pooled volume reductions in Tables 2–4 and as
illustrated in Figure 2. At six months post-treatment, pooled
fibroid volume reductions are 70% for RFA, 54% for UAE and
32% for FUS. Only one paper directly compared two of the
studied modalities [23]. Ikink and colleagues compared UAE
with MRgFUS and found at three-month follow-up that

uterine and fibroid percentage volume reductions were sig-
nificantly greater in the UAE group compared with the
MRgFUS cohort. While MRgFUS provides modest fibroid vol-
ume reductions relative to those associated with UAE and
RFA, MRgFUS may still be associated with symptom relief
through 24months postablation. However, when there is a
desire for significant reductions in bulk fibroid volume or for
longer-lived symptom relief, MRgFUS may be less effective
than other modalities. It should be noted that initial studies
using MRgFUS in the United States were limited by Food
and Drug Administration (FDA) imposed restrictions regard-
ing the size of the ablation within the fibroids. These restric-
tions have been since changed, and further data regarding
the success of this modality may reflect this.

It is known that with treatment with MRgFUS, higher non-
perfused volumes are associated with greater improvements
in quality of life scores and symptoms [24]. It has also been
seen that larger nonperfused volumes are seen with less vas-
cular fibroids with hypo-intense appearances on T2-weighted
MRI [25,26]. In this systematic review, there does seem to be
a positive trend between NPV and volume reduction, as illus-
trated in Figure 2. Three papers comment on the MRI inten-
sity of the studied fibroids, as shown in Table S4. Funaki
et al. [27] note that more signal-intense fibroids are associ-
ated with both lower NPVs and lesser degrees of fibroid vol-
ume reduction, with some fibroids increasing in size, rather
than decreasing, within this cohort.

While reductions in fibroid volumes have been correlated
with durable symptom relief after MRgFUS [10], only three of
the studied papers looked directly at the link between

Figure 2. The relationship between nonperfused volume (NPV) and fibroid volume reductions in FUS studies.

Table 4. Pooled data of fibroid volume reductions from the FUS studies.

Follow up period 3 months 6 months 12 months 24 months 36 months

Pooled mean fibroid volume reduction ± SD 21%± 6% 32%±11% 28%± 16% 34%± 8% 32%
Minimum 12% 13% 9% 28% 32%
Maximum 29% 50% 50% 40% 32%
No. of papers 4 11 4 2 1

Follow-up period 3 months 6 months 12 months 24 months 36 months
Pooled mean fibroid volume reduction ± SD 21%± 6% 32%±11% 28%± 16% 34%± 8% 32%
Minimum 12% 13% 9% 28% 32%
Maximum 29% 50% 50% 40% 32%
No. of papers 4 11 4 2 1
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uterine volume change and symptoms, all involved treat-
ment with UAE. Scheurig et al. [28] showed a moderate posi-
tive correlation between the change in symptom severity
score and percentage uterine volume reduction. Pron et al.
[29], in contrast, found that improvement in abnormal uter-
ine bleeding and life impact scores were not related to uter-
ine volume reductions. They did suggest that this
improvement in uterine bleeding may be a result of vascular
disruption produced by vessel occlusion. Smith et al. [27]
reported contradictory results. They found no association
between the changes in symptom severity scores or health
related quality of life scores and uterine volume reductions.
However, they did find a significant association (p¼ .01906)
between global satisfaction and the percentage change in
uterine volumes. It would be logical to expect that greater
fibroid and uterine fibroid volumes would be associated with
greater symptom improvement; however, the data from this
review are insufficient to draw firm conclusions and further
studies are needed.

Comparing UAE and RFA, the data suggest that individual
fibroid volume reductions are more impressive with RFA but
that overall uterine volume reductions are greater with UAE.
Analyzing the full data set in appendices, a greater number
of larger fibroids are treated in patients undergoing UAE
compared to RFA. This is consistent with known practice
trends, and the fact that UAE is a global fibroid therapy
while RFA (like FUS) is a focal treatment modality. Across all
studies, reporting of the median or mean number of fibroids
treated was inconsistent and often lacking. However, papers
more commonly reported on the percentage of patients with
a single-treated fibroid. Of the included UAE studies, 21
papers reported on 23 cohorts of patients. In only four of
the 23 cohorts (i.e. 17%) did >60% of the patients have a
single fibroid, which implies that patients undergoing UAE
tend to have multiple fibroids. In the reported RFA studies,
four papers commented on single fibroids, and in three of
these, >60% of the patients had a single diagnosed fibroid,
implying that the majority of patients undergoing RFA were
having treatment to a single fibroid. Uterine and dominant
fibroid volumes also seem to be larger in the UAE studies
than in the RFA studies. Mean uterine volumes <300 cc were
seen in 75% of the studies on RFA but only 9% of the UAE
studies. Similarly, mean dominant fibroid volumes of <80 cc
were seen in 80% of the RFA studies, but only 4% of the
UAE studies.

While volume reductions of both fibroids and uteri after
treatment with UAE and RFA tend to materially increase with
increasing time from treatment, the fibroid volume reduc-
tions following MRgFUS peaked at 6months. This is consist-
ent with reports that MRgFUS is most effective for women
over the age of 45 who are approaching menopause. It is
also consistent with a less durable effect of MRgFUS, in line
with published data on reintervention rates of at least 50%
at five years, [30] even with NPVs greater than 50% [30].

The effect of UAE on fibroid volumes over time is shown
in Table 1 and Figure 3. UAE was the treatment modality
with the greatest number of published studies and is argu-
ably, the modality with which clinicians have the greatest

experience. The collected data show consistent reductions in
both uterine and fibroid volumes with a maximal reduction
of pooled fibroid volume of 70% at 24months.

RFA also results in consistent reductions in uterine and
fibroid volumes. Maximal pooled fibroid volume reductions
of 84% were seen at 36months.

The link between reintervention and uterine or fibroid vol-
ume reductions were explored by six studies. Funaki et al.
[27] were the only group to address this in patients under-
going MRgFUS. They showed a trend of greater reinterven-
tion (21.6%) in patients with lower fibroid volume reductions
(9.1%) at six months in women with hyperintense fibroids,
but no comment was made on whether this met statistical
significance. The remaining studies to investigate reinterven-
tion involved patients undergoing UAE. Lohle et al. [31] and
Hald et al. [32] both found that reintervention was signifi-
cantly more likely in patients with lower percentage fibroid
or uterine volume reductions. Toor et al. [19] also found that
patients who had failed treatment had significantly lower
total fibroid volume reductions. Volkers et al. [33], however,
used multiple regression analysis and found no association
between volume reduction and failure. Dueholm et al. [34]
also found that uterine or fibroid volume reductions of less
than 45% were not associated with an increased risk of
major reintervention (hysterectomy, myomectomy or repeat
embolization). Reintervention rates of 20–30% at five years
have been reported in the literature [35,36]. None of the
included studies correlated volume reductions with reinter-
vention rates after RFA. However, reintervention rates of 11%
at 36months [37] and 8% at 12months [17] have been
reported for AcessaTM and SonataTM, respectively.

This review has focused on volume reductions in fibroids
and uteri after nonresective procedures. Medical therapy
with a GnRH analog such as leuprolide acetate or with the
selective progesterone receptor modulator ulipristal acetate

Figure 3. Bubble charts of fibroid volume reductions at three and six months
post-treatment.
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will also result in fibroid volume reduction [38]. It is known
that these medications have to be continued in order to see
a maintained reduction in fibroid size and as such, have
mostly been used in the short-term neoadjuvant setting,
given the risks to bone density associated with longer use of
GnRH analogues and known association of ulipristal with
progesterone receptor modulator-associated endometrial
changes. While some medical therapies has been approved
for long-term use, many patients will choose the conveni-
ence and security of a single treatment such as RFA, UAE
or FUS.

This study did not directly compare the differences in
symptom improvement, reintervention rates or pregnancy
outcomes among the three treatment modalities, although
these will be important considerations for patients and their
clinicians. In particular, effects on fertility and pregnancy fol-
lowing RFA have not yet been systematically studied,
although case series do suggest that RFA may be compatible
with future fertility [39–42]. Reports of the effects of UAE on
fertility and fecundity have been contradictory, and there is a
risk of altered ovarian blood supply and premature ovarian
failure in these patients [43–46]. On the other hand, MRgFUS
has been approved in women who desire fertility in the
United States. As an ablative treatment for fibroids, the com-
patibility of MRgFUS with future pregnancy suggests that
RFA might similarly be found to be suitable as its evidence
base increases [18].

Although publication bias cannot be absolutely excluded,
the inclusion of all identified studies that reported on vol-
ume reductions should ensure that these data is as compre-
hensive as possible.

Conclusions

Women with symptomatic fibroids are increasingly seeking
minimally invasive, uterus-sparing treatment options. This
systematic review aimed to summarize the reductions in
fibroid and uterine volumes with three such treatments, UAE,
RFA and FUS. All three modalities result in fibroid and uter-
ine volume reduction, but these were most significant with
RFA, followed by UAE. This pattern was seen consistently at
all time points. At six months, pooled fibroid volume reduc-
tions were 70% with RFA, 54% with UAE and 32% with FUS.
The effects of RF and UAE seem to be prolonged with reduc-
tions in fibroid volumes at least up to 24months post-treat-
ment. A meta-analysis with original data from the authors
would help to statistically analyze the trends observed in this
review. Furthermore, a randomized controlled trial with
head-to-head comparators of various fibroid interventions is
needed to establish which the more effective treatment is
and whether different patient groups see better results with
either treatment, so that clinicians may best advise
their patients.
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