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Summary

Purpose: To evaluate the efficacy and safety of percutaneous radiofrequency ablation (RFA) in the treatment of uterine leiomyomas.
Materials and Methods: Medline, Embase, and Cochrane databases were searched through August 2014 for all relevant studies on RFA
for uterine leiomyomas. The efficacy and safety of RFA were assessed using the outcome measures of tumor volume, symptom sever-
ity score, health-related quality of life (HRQL) score, procedure-related complications, and reintervention. The authors calculated pooled
event rates with 95% confidence intervals using random-effects model to assess the effects of RFA. Results: Eight observational stud-
ies were identified as eligible for inclusion in this meta-analysis and included 370 patients. All analyzed outcomes showed statistically
significant improvements from baseline to final follow-up. Twenty-seven complications were identified and five of them qualified as
major complications. Five patients required reintervention after RFA. Conclusions: Percutaneous RFA is an effective and safe treatment

for patients with uterine leiomyomas.
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Introduction

Uterine leiomyomas (also called uterine myomas or uter-
ine fibroids) are the most common solid benign pelvic tu-
mors in the female reproductive system, causing significant
morbidity including pain, pelvic pressure, menstrual disor-
der, and reproductive dysfunction [1, 2]. Although hys-
terectomy and myomectomy are the two conventional
treatments, minimally invasive techniques have become in-
creasingly accepted as alternative therapeutic modalities for
symptomatic uterine leiomyomas. Since the first report from
Lee [3] in 2002, radiofrequency ablation (RFA) has emerged
as an effective treatment option for patients with sympto-
matic leiomyomas [4]. Image-guided percutaneous RFA
also has advantages over surgery by potentially causing less
morbidity and mortality, with reduced cost, and hospital
stay.

The authors carried out a systematic review and meta-
analysis to assess the efficacy and safety of RFA for symp-
tomatic uterine leiomyomas based on all relevant studies.

Materials and Methods

This meta-analysis was performed according to guidelines of
the Preferred Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA) [5]. Two authors (K.J.L. and J.H.K.) inde-
pendently performed the literature search, eligibility assessment,
data extraction, and quality assessment. A third author (D.Y.Y.)
was consulted for discrepancies.

Literature search

The authors conducted a systematic review and meta-analysis
of studies reporting the use, efficacy, and safety of RFA for the
treatment of symptomatic uterine leiomyomas. Scientific articles
were retrieved from the databases of Medline, Embase, and
Cochrane Library from the time of inception to August 2014, and
a search of relevant citations in appropriate articles was per-
formed. Keyword search was conducted using combinations with
Boolean operators “OR” and “AND” with the following medical
subject heading (MeSH) terms and free-words: (“radiofrequency
ablation” or “RFA”) and (“uterus” or “uterine”) and (“myoma" or
leiomyoma" or fibroid”). The authors limited searches to publi-
cations of human studies reported in English.

Criteria for inclusion and exclusion

Articles were manually selected from the results as they per-
tained to the treatment of symptomatic uterine leiomyomas with
RFA, with a set of predetermined inclusion and exclusion criteria.
The study inclusion criteria for this systematic review and meta-
analysis were as follows: 1) original articles, 2) cohort of patients
aged over 18 years with a diagnosis of uterine leiomyomas treated
with RFA, 3) minimum of ten patients treated, 4) study that as-
sessed at least one clinical outcome measure, such as tumor vol-
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Literature search
Medline (19), Embase (18), Cochrane
Library (2), and others (7)

l

l 246 abstracts screened l

. 23 excluded by reading
liles and abstracts

A

[ 23 full-text articles assessed for eligibility ‘

Excluded by reviewing full-text
4 Less than |-month follow-up
2 RFA was performed via transvaginal approach
2 Inadequate reporting outcomes
2 Sample size less than 10
4 Overlapping population
1 No onginal articie

v

8 studies finally included

Note—RFA = radiofrequency ablation

ume change, symptomatic improvement, procedure-related com-
plication, and reintervention, and 5) clinical and imaging follow-
up for at least one month. The rationale for the last of these
inclusion criteria was that the majority of complications typically
occur during or soon after the RFA procedure; thus, one-month
follow-up duration captures a significant proportion of all com-
plications.

Abstracts, letters to the editors, reviews without original data,
expert opinions, editorials, supplements, case reports, systematic
reviews, and studies in which the outcomes were not clearly re-
ported were excluded from the analysis. Studies that mixed other
effective interventions (i.e., uterine arterial embolization, other
type thermal ablative therapy, and surgery) simultaneously in the
same subject(s) were also excluded. Finally, studies on transvagi-
nal RFA were excluded from this meta-analysis, because there is
a basic difference between percutaneous and transvaginal ap-
proaches for RFA of leiomyomas. If multiple studies were re-
ported by the same institution and/or authors, the one with the
highest-quality data was included in the analysis.

Data extraction

Data were extracted from the entire content of each identified
article using standardized forms. Descriptive data extracted from
each study included the first author, country, year of publication,
study design (prospective or retrospective; there were no ran-
domized controlled trials [RFAs] or comparative studies), num-
ber of patients, age of patients, RFA system, and length of
follow-up.

The outcome measures included change in tumor volume,
change in symptom severity score, change in health-related qual-
ity of life (HRQL) score, major and minor complication rates, pro-
cedure-related mortality, and reintervention rates. Major
complications were defined as those requiring hospitalization for
therapy, prolongation of inpatient hospital stay (> 48 hours), or
involving permanent adverse sequelae. The reintervention in-
cluded repeated RFA procedure, uterine arterial embolization
(UAE), myomectomy, and hysterectomy. When multiple follow-
up data points were available, all post-treatment outcomes for
each subject were abstracted from the longest follow-up data, with

Figure 1. — Flowchart showing
process of selection of articles re-
viewed in this study.

the exception of complications and reinterventions.

Data analysis

Statistical analyses of selected studies were performed with
Cochrane Review Manager (RevMan) version 5.2 and the Com-
prehensive Meta-Analysis version 2.2. For the change in tumor
volume, change in symptom severity score, and change in HRQL
score, the standardized mean difference between pretreatment and
post-treatment with a 95% confidence interval (95% CI) was cal-
culated. For each meta-analysis, the I? tests were first calculated
to assess the heterogeneity of the included studies. Studies with-
out significant heterogeneity (I*> < 50 %) were analyzed with a
fixed-effects model, and studies with significant heterogeneity (I?
> 50 %) were analyzed using a random-effects model to pool the
results. In addition, the risk of bias of included studies was as-
sessed by using Cochrane Collaboration’s tool [6].

Results

Selection and characteristics of included studies

The PRISMA flowchart of the search and selection of
studies is depicted in Figure 1. The extensive electronic
search led to the identification of 46 articles. After screen-
ing the titles and abstracts of the search results, 23 studies
were found to be eligible and their full-text publications
were analyzed. Of these, 15 full-text articles were ex-
cluded, because they did not meet the predefined inclusion
criteria. Finally, eight studies [7—-14] published between
2005 and 2014 were included in this systematic review and
meta-analysis.

All eight studies were prospective observational studies;
no RCTs or comparative studies were found. There were a
total of 370 patients with uterine leiomyoma treated with
percutaneous RFA. The design and baseline characteristics
of included studies are described in Table 1. Final follow-
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Table 1. — Baseline characteristics of the studies included in the meta-analysis.

First author (reference) Country Year of Study design No. of Age (years)* RFA System Follow-up interval
Publication patients of patients (months)*

Bergamini V. [7] Italy 2005 Prospective 18 443+2.5 RITA model 1,3,6,9,12

Ghezzi F. [8] Italy 2007 Prospective 25 422+2.5 RITA model 6, 12,24, 36

Carrafiello G. [9] Ttaly 2010 Prospective 11 40.4+6.0 Le Veen coaxial 1,3,6,9,12

Garza Leal J.G. [10] Mexico 2011 Prospective 31 40.2+£5.9 Halt 2000 3,6,12

Iversen H. [11] Denmark 2012 Prospective 46 44,6 £7.5 RITA model 3,6,9

Chudnoff S.G. [12] USA 2013 Prospective 135 42.4+47 Accessa system 3,0, 12

Robles R. [13] Guatemala 2013 Prospective 35 43.6 £4.7 Halt Medical 3,6,12

Galen D.I. [14] USA 2014 Prospective 69 42.1+5.5 Accessa system 3,06, 12

*mean + standard deviation. Note—RFA = radiofrequency ablation.
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Note—RFA = radiofrequency ablation, SD = standard deviation, IV = inverted variance, Cl = confidence interval

Figure 2. — Forest plot of change in tumor volume at 9-36 months after RFA.
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Note—RFA = radiofrequency ablation, SD = standard deviation, IV = inverted variance, Cl = confidence interval

Figure 3. — Forest plot of change in symptom severity score at 9-24 months after RFA.

up time varied from nine to 36 months, with a duration of
12 months or shorter in six (75%) of studies.

Outcome assessment

In the analyses of the effects of RFA on tumor volume,
symptom severity score, and HRQL score, there were sig-
nificant heterogeneity among the studies (I*= 86%, 70%,
and 76%, respectively), thus the random-effects model was
used to pool the results. The pooled meta-analysis of these

data demonstrated a statistically significant change in
tumor volume of —=80.96 ml (95% CI: —37.07 to —124.85),
with follow-up ranging from nine to 36 months (Figure 2).
The change in symptom severity score was statistically
significant, with a mean of —42.76 (95% CI: —38.22 to —
47.30), at 9-24 months' follow-up (Figure 3). The change
in HRQL score was also statistically significant, with a
mean of 38.34 (95% CI: 33.02 to 43.65) at 9-24 months'
follow-up (Figure 4).
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Figure 4. — Forest plot of change in health related quality of life score at 9-24 months after RFA.

name Statistics for each study Bvent rate and 95%Cl
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2006 Bergamini V. 0111 0028 0352 -2773 0006 -
2007 GhezziF, 0120 0039 0313 -3237 0001 -
2010 Carrafielo G 0273 009 058 -1449 0.147 —a—
011 Garzaleal JG 0226 0112 0404 -2868  0.004 . o
2012 versen H. 0011 0001 0.149 -3.188  0.01
013Cuwndnoff SG. 0036 0015 0085 -7.185  0.000
2013 Robles R 0014 0001 0187 -2933 0003
2014 Galen DI. 0101 0049 0198 -5470 0.000 [}
0105 0073 0149 -10509  0.000 ¢
4100 050 000 050 1.00
A e Figure 5. — Forest plot of complica-
Note—Cl = confidence interval tion rate.
Table 2. — Complication rates in eight case studies (n = The pooled proportion of complication rate for RFA
370). was 10.5% (95% CI: 7.3%-14.9%) (Figure 5). Table 2
Complications No.of  Rate (%) 95%CI summarizes the 27 complications found in the review.

i i patients The most commonly reported complication was abdom-
Abdominal pain 16 4.32 2.67~6.94 inal pain with 16 reported cases (59.3 % of total compli-
Urinary tract infection 4 1.08 0.41~2.84 . . .

- cations). There were five adverse events (including two
Abdominal wall hematoma 2 0.54 0.14~2.13 ; . .
Abnormal fluid collection 1 027 0.04-1.89 abdominal wall hematomas, one pelvic abscess, one sig-
Uterine serosal burn 1 027 0.04-1.89 moid colon laceration, and one vaginal bleeding) that
Pelvic abscess 1 027 0.04~1.89 could have been considered major complications. There
Sigmoid colon laceration 1 0.27 0.04~1.89 were no reported deaths as a result of RFA or a related
Vaginal bleeding 1 0.27 0.04~1.89 complication. A total of five reinterventions occurred, with

Note—CI = confidence interval.

Table 3. — Reintervention rates in eight case studies (n =

370).

Reinterventions No. of Rate (%) 95% CI
Patients

Hysterectomy 4 1.08 0.41~2.84

Uterine artery embolization 1 0.27 0.04~1.89

Note—CI = confidence interval.

the pooled rate of 2.7% (95% CI: 1.3-5.6%) (Figure 6).
There were four hysterectomies and a UAE procedure per-
formed across all the studies (Table 3).

Risk of bias

The risk of bias in this meta-analysis was assessed by
Cochrane Collaboration’s tool, and the outcome is shown in
Figure 7. The percentages of high risk of bias in "Were in-
complete outcome data adequately addressed?" and "Was
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2011 Garzaleal UG 0016 0001 0206 -2907 0.004
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0027 Q013 005 -9277 0000
-1.00 050 0.00 0.50 1.00
Favours A Favours B Figure 6. — Forest plot of reinter-
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ies.

the study free from selective outcome reporting?" were
both 50%, thus there were attrition bias and reporting bias
in this meta-analysis.

Discussion

Although surgical resection remains the standard treat-
ment for uterine leiomyomas, RFA has been accepted as
one of the non-surgical treatment options for patients with
symptomatic leiomyomas [7-14]. RFA causes tumor cell
destruction through the application of a high frequency al-
ternating current that generates high frictional heat leading

to protein denaturation and coagulation necrosis [15, 16].
The major advantage of RFA therapy is to destroy tumor
cells without damaging adjacent vital structures. In addi-
tion, RFA can be performed in a minimally invasive fash-
ion under ultrasound guidance, which is used for accurate
localization of the probe within the tumor [16].

Although there are several articles in the literature sup-
porting the application of RFA in the treatment of patients
with symptomatic leiomyomas, the available evidence from
those studies is weak due to the sparseness of data, dis-
agreements among studies, the limited number of observa-
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tions, or the lack of a systematic review. Meta-analysis is an
important tool that combines the genotyping data from all
eligible published studies and has the advantage of in-
creasing statistical power and reducing random error, thus
defining the effect of clinical interventions more precisely
[17]. To the authors’ knowledge, there has been no previous
comprehensive systematic review or meta-analysis of RFA
in the treatment of uterine leiomyomas. Thus, to provide
the most comprehensive assessment of the efficacy and
safety of RFA for leiomyomas, they performed this meta-
analysis in which eight studies were finally included.

The outcomes from the present meta-analysis showed
statistically significant improvements from baseline to final
follow-up, including reduction in tumor volume, decrease
of symptom severity score, and improvement of HRQL
score. However, it should be noted that there was no con-
sistency in follow-up durations between studies. Variable
length of follow-up durations can affect the degree of tumor
volume reduction and symptom improvement.

This systematic review and meta-analysis summarizes the
available evidence on complication and reintervention rates
of RFA in the treatment of leiomyomas. Although several
complications were noted in the included studies, most of
them were either easily managed or self-limiting, thus con-
sidered minor complications. Abdominal pain and urinary
tract infection were the most commonly reported complica-
tions. Although the authors did not perform a subgroup
analysis on this item owing to the limited data, the forest
plot of complication rate of this meta-analysis showed lower
rate of complications in more recent studies published in or
after 2012 when compared with studies published before
2012 (Figure 5). Possible explanations for this difference
are improved selection of patients for RFA, advanced tech-
niques and devices, and greater operator experience in the
procedure.

Only one study [9] included in the preset meta-analysis
classified specific complications into major or minor cate-
gories. According to ‘The Society of Interventional Radi-
ology clinical practice guidelines' [18], major
complications are events that may result in hospitalization
for therapy, prolongation of inpatient hospital stay (> 48
hours) or permanent adverse sequelae. Based on this grad-
ing system for complications, the authors categorized minor
and major complications in this review. Only five major
complications of RFA were reported at a rate of approxi-
mately 1.4% in this study. However, none of these events
resulted in death.

An additional outcome evaluated in this meta-analysis
was the rate of reintervention to manage the residual uter-
ine leiomyoma. The results of the present study showed that
the pooled rate of reintervention after RFA was 2.7% within
nine to 24 months after the procedure. The early reinter-
vention after RFA might be related to the residual tumor
tissue, which is mostly caused by insufficient tumor abla-
tion. In cases of uterine leiomyoma in dangerous locations,

it is often difficult to achieve curative tumor ablation by se-
curing a specific safety margin in three dimensions. In con-
trast, late reintervention may be associated with tumor
progression after RFA. Accordingly, the relatively short fol-
low-up period in the present meta-analysis (9-24 months)
may underestimate the precise reintervention rate.

Currently, there are no meta-analyses comparing the ef-
ficacy and safety of RFA and other less invasive therapy
for uterine leiomyomas. Toor ef al. [19] conducted a meta-
analysis consisting of 54 studies for evaluation of the ef-
fects of UAE, including major complications and
reintervention. In their study, the major complication rate
defined by the same criteria to the present study was 2.9%
(95% (I, 2.2-3.8%) and the rate of hysterectomy for res-
olution of a complication was 0.7% (95% CI, 0.5-0.9%).
Although not directly comparable, the outcomes of the
present meta-analysis indicated that RFA had lower rate of
major complication and higher rate of reintervention than
UAE.

Some possible limitations in this meta-analysis must be
acknowledged. First, the present review mainly suffers from
lack of RCTs comparing the use of RFA with other surgical
or non-surgical treatment. The ten case series included in
this meta-analysis were all observational studies. Second,
the reported data in all reported series has been heteroge-
neous in terms of patient selections, utilization of RFA sys-
tems, and definitions of complications. All of these may
have led to significant between-study heterogeneity for the
outcome measurement. Third, the relatively short follow-
up periods and the relatively small number of included pa-
tients make the interpretation of the efficacy of RFA
difficult. Approximately half of patients (in seven of ten
studies) included in the present meta-analysis had a follow-
up duration that is equal to or less than 12 months. The rel-
atively short follow-up period in included studies may result
in the potential underestimation of the calculated complica-
tion and reintervention rates. Finally, the present authors did
not include non-English language publications, which may
create language bias. It has been well known that studies
with statistically significant (positive) results are more likely
to be published in English [20].

Conclusion

In conclusion, the results of this meta-analysis showed
that RFA is a safe and effective treatment for symptomatic
uterine leiomyomas. However, higher quality clinical tri-
als are needed to identify this outcome and to provide suf-
ficient evidence on the matter.
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