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ABSTRACT

Background and Objectives: Symptomatic uterine fi-
broids are a societal and healthcare burden with no clear
consensus among medical professionals as to which pro-
cedural treatment is most appropriate for each symptom-
atic patient. Our purpose was to determine whether rec-
ommendations can be made regarding best practice based
on review and analysis of the literature since 2006.

Database: A systematic search of journal articles relevant
to the treatment of symptomatic uterine fibroids was per-
formed within PubMed, clinical society websites, and
medical device manufacturers’ websites. All clinical trials
published in English, representing original research, and
reporting clinical outcomes associated with interventions
for the management of symptomatic uterine fibroids were
considered. Each article was screened and selected based
on study type, content, relevance, American College of
Obstetricians and Gynecologists score, and internal/exter-
nal validity. Outcomes of interest were patient baseline
characteristics, fibroid characteristics, procedural details,
complications, and long-term follow-up. Random-effects
meta-analyses were used to test the quantitative data.
Assessment of 143 full-length articles through January
2016 produced 45 articles for the quantitative analysis.
The weighted combined results from hysterectomy trials
were compared with those from uterine-preserving fibroid
studies (myomectomy, uterine artery embolization, lapa-

roscopic radiofrequency ablation, and magnetic reso-
nance-guided focused ultrasound).

Conclusion: We explored trends that might guide clini-
cians when counseling patients who need treatment of
symptomatic fibroids. We found that fibroid therapy is
trending toward uterine-conserving treatments and out-
comes are comparable across those treatments. Since min-
imally invasive options are increasing, it is important for
the clinician to provide the patient with evidence-based
therapeutic strategies.

Key Words: Intervention, Leiomyoma, Symptomatic fi-
broid, Uterine.

INTRODUCTION

Symptomatic uterine fibroids (leiomyomas or myomas)
represent a significant societal and healthcare burden, and
there is no clear consensus among medical professionals
as to which treatment is appropriate for their symptomatic
patients. These benign, solid myometrial tumors are the
most common tumors found in women. They have an
estimated cumulative incidence of up to 70% in white
women and 80% in black women during the premeno-
pausal years.1 Severe symptoms may develop in 15 to 30%
of cases, and the extent of symptoms depends on fibroid
location, number, and size. Submucosal and intramural
fibroids typically manifest with abnormal uterine bleed-
ing, whereas subserosal and pedunculated fibroids usu-
ally present with bulk-related symptoms of pelvic pain
and bowel or bladder dysfunction. Symptomatic patients
may miss work and, overall, have lower quality of life than
asymptomatic patients.2 In addition, the presence of fi-
broids may lead to infertility and adverse pregnancy out-
comes.3,4

Annual direct and indirect costs of symptomatic fibroids in
the United States may exceed $34 billion.5 Of the more
than 400,000 inpatient hysterectomies performed annually
in the United States, the overwhelming indications are
symptomatic leiomyomas.6 Although most women with
symptomatic fibroids initially choose nonsurgical manage-
ment, this approach fails in many, and patients may then
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attempt uterine-conserving therapy—myomectomy (ab-
dominal, laparoscopic, hysteroscopic, and robot-assisted),
uterine artery embolization (UAE), radiofrequency abla-
tion (Lap-RFA), and magnetic resonance-guided focused
ultrasound surgery (MRg-FUS)—or they may opt for hys-
terectomy.7

We performed a systematic review and meta-analysis of
data from the last 10 years of clinical studies that described
populations of premenopausal women seeking surgical
management (both uterine-sparing and hysterectomy) of
their symptomatic fibroids to determine if any recommen-
dations can be made regarding best practice. Demo-
graphic and fibroid characteristics of patients who choose
uterine-conserving therapy versus hysterectomy, as well
as the perioperative and long-term clinical outcomes of
the various surgical approaches in terms of safety and
efficacy, are described and analyzed.

METHODS

Literature Search

MOOSE guidelines for meta-analysis and systematic re-
view of observational studies76 were followed in describ-
ing the sources and in the study selection process, results,
and discussion. A systematic electronic search of journal
articles relevant to the treatment of symptomatic uterine
fibroids was performed with the following MeSH key
words (uterine fibroid, leiomyoma, symptomatic, inter-
ventions, English, humans, 2006–2016) within PubMed,
clinical society websites, and medical device manufactur-
ers’ websites.8 We were guided by and established con-
sensus regarding each article’s relevance and comparabil-
ity using standardized data collection forms (see the
Appendix), and we scored the quality of publications in
terms of the clarity of risk/benefit, methodological
strength of supporting evidence, and clinical implica-
tions.9 Meta-analysis of data extracted from the publica-
tions from January 1, 2006 to January 31, 2016 was sum-
marized in evidence tables (Supplemental Tables S1,
S2, and S3)77 to address the following three research
questions:

1. What are the general demographics of patients choos-
ing to have a uterine-conserving therapy versus a hys-
terectomy in treating their symptomatic uterine fi-
broids?

2. What are the types of uterine fibroids treated with each
of the uterine-conserving therapies versus a hysterec-
tomy in the management of symptomatic uterine fi-
broids?

3. What are the short-term (�90 days after the procedure)
and long-term (�90 days after the procedure) clinical
outcomes with a uterine-conserving approach versus a
hysterectomy in the management of symptomatic uter-
ine fibroids?

The literature search focused on the following proce-
dures:

Hysterectomy: surgical removal of the uterus via vaginal or
abdominal (open or laparoscopic) incision.

Myomectomy: uterine-sparing surgical removal of fibroids via
abdominal, laparoscopic (including robot-assisted), and hys-
teroscopic approaches.

Uterine artery embolization (UAE): an interventional radiolo-
gist identifies the uterine vessels that supply the fibroids and
occlude the vessels with trisacryl gelatin microspheres or
polyvinyl alcohol particles.10,11 Usually, the approach is via
the transcutaneous femoral artery. Fibroids undergo devascu-
larization and ultimately involution.

Magnetic resonance-guided focused ultrasound (MRg-FUS):
an interventional radiologist focuses magnetic resonance-
guided high-frequency ultrasound energy to ablate fibroid
tissue.12

Radiofrequency volumetric thermal ablation (Lap-RFA): lapa-
roscopic ultrasound-guided treatment of fibroids. Thermal en-
ergy is delivered to fibroids, sparing normal tissue. Fibroids
shrink and may be reabsorbed by the body over time.13

Classification of Complications

Peri- and postoperative complications that occurred dur-
ing the first 90 days after fibroid treatment were reported.
Major complications were defined as adverse events that
carried moderate to significant clinical implications for the
patient and included the following: bowel or bladder
injury, pelvic abscess, wound infection, blood transfusion,
pneumonia, prolonged hospital stay (�48 h after UAE,
�72 h after a laparoscopic procedure, or �144 h after an
open procedure), need for additional course of antibiot-
ics, hematoma evacuation, pulmonary embolus, ileus,
vaginal hemorrhage, sarcoma on final pathology, pro-
longed postoperative fever with need for antibiotics (�2
day), reoperation, sepsis, bowel obstruction, hernia at the
incision site, conversion to laparotomy, emergency de-
partment evaluation, readmission, ICU admission, unan-
ticipated medical therapy, amenorrhea, skin burn or ulcer,
unstable angina, pyelonephritis, ischemic limb, and sciatic
nerve palsy. Minor complications were atelectasis, urinary
tract infection, headache after epidural placement, rash/
urticaria/blister, postembolization syndrome, groin hema-
toma, abdominal wall bruising or hematoma that resolved
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spontaneously, urinary retention with or without short-
term use of Foley catheter, vertigo, vaginal discharge,
spontaneous fibroid expulsion, temporary amenorrhea,
transient decrease in libido, and arterial spasms.

Study Selection

We selected studies based on objective criteria (Table
A1), specified a priori to avoid bias in the analysis of
clinical evidence regarding the effectiveness of uterine-
preserving therapies in contrast to hysterectomies for the
treatment of symptomatic uterine fibroids. The criteria
were designed for selection of those trials most likely to
have valid conclusions and be generalizable to routine
use. Two gynecologic surgeons (YH and RS) first evalu-
ated the study designs and reporting methods in each
article without examining specific results. During the early
stages of the review process, both surgeons reviewed the
same 5 articles and completed the full-text data-extraction
forms. After completing the form, the surgeons employed
Delphi methods to review the completed forms together
to establish consensus for the coding conventions and
form completion. Because a high degree of agreement
was found between the 2 reviewing surgeons during this
early Delphi Method exercise, the 2 surgeons indepen-
dently reviewed the remainder of the articles. Additional
quality assurance of the review process and data extrac-
tion was achieved through a third independent data re-
view. Our research also adopted the American Congress
of Obstetrics and Gynecology (ACOG) procedures for
grading the quality of the publications.9

Data Extraction

Data-extraction forms were used only for those articles
that met all inclusion and exclusion criteria in Phase I of
article abstract screening (Figure A1). After documenta-
tion of inclusion and exclusion criteria, we progressed to
Phase II of full article screening (Figure A2). Data ab-
stracted from each article were transferred directly into
individual evidence tables. Supplemental Table S177 in-
cludes patient demographics such as average age, body
mass index (BMI), race, parity, baseline Health-Related
Quality of Life (HRQL) scores, baseline Symptom Severity
Scores, and baseline EQ-5D scores stratified by interven-
tion. Supplemental Table S277 consists of literature-re-
ported fibroid and procedural information such as average
operative time, estimated blood loss, complications, uter-
ine volume, number of fibroids per patient, largest size
fibroids, and type of fibroid stratified by intervention.
Supplemental Table S377 comprises short and long-term
outcomes such as average hospital stay, length of follow-

up, HRQL scores, Symptom Severity Scores, EQ-5D
scores, reintervention and hospital readmission rates strat-
ified by intervention. Evidence table development and
subsequent analyses were performed by an independent
statistician.

Analytical Methods

Univariate random-effects meta-analysis methods were
used to synthesize and test the quantitative data for single-
and multi-arm trials. For continuous outcomes, a general
formula weighted-average effect size (d�) determined the
difference in mean scores. The Dwass, Steel, Critchlow-
Fligner (DSCF) test, which is based on pairwise 2-sample
Wilcoxon comparisons, was used for multiple comparison
analysis.14–16 The DSCF analysis is appropriate when the
number of interventions is greater than 2. Under the null
hypothesis of no location differences among r samples,
the distribution of the DSCF statistics can be approximated
by the studentized range distribution for r independent
standard normal variables. The P-value for a two-sample
DSCF comparison is the percentile of the studentized
range distribution that corresponds to the value of the
DSCF statistic.17–19

For the analysis of 1-way ANOVA with multiple levels, the
nonparametric alternative Friedman test was used to test
the following hypothesis, where M is median of each
group:

Ho: M1�M2�. . .�Mk vs Ha: At least one equality

is violated.

The test statistics under Ho follows a �2 distribution with
df � k – 1.

For binary outcomes, the DerSimonian and Laird method
was used to combine 2 � 2 tables.20 Weighting for pro-
portions reported in the studies was related to the
inverse of the standard error and indirectly to the sam-
ple size. The studies with smaller standard errors and
larger sample sizes were given more weight in the
calculation of the pooled effect size. When zero counts
occurred for study data, a continuity correction of 0.5
was added to every value for that study to test the
difference in proportions. Statistical heterogeneity was
assessed using Cochran’s Q-Statistics.

The analyses were undertaken using MedCalc Statistical
Software version 16.8.4 (MedCalc Software bvba, Ostend,
Belgium) and JMP Statistical Software, Version 13.0 (SAS
Institute, Cary, North Carolina, USA).
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RESULTS

Article disposition through Phase I and Phase II of the
screening process is presented in (Figure 1). The initial
search resulted in 794 articles published between January
1, 2006 and January 31, 2016. Search of key words fol-
lowed, and 161 abstracts were screened. From the 161
abstracts screened, 143 full-length articles were assessed
for eligibility. Forty-five articles were excluded for several
reasons, but mostly because there were no clinical data
provided (27%), the article was a discussion paper on
treatment options (24%), or was a theoretical position
paper (13%). The full-length article screening resulted in
53 articles which provided qualitative information and 45
articles that met the inclusion criteria for the quantitative
analysis as shown in the Evidence Tables (Supplemental

Tables S1, S2, and S3)77 pertaining to the three Key
Questions. Among those 45 articles used in the quantita-
tive analysis, data were abstracted and analyzed from 26
myomectomy studies, 19 UAE studies, 13 Lap-RFA studies,
14 MRg-FUS studies, and 7 hysterectomy studies.

Patient Characteristics

Baseline patient characteristics among different interven-
tion groups (myomectomy, UAE, Lap-RFA, MRg-FUS and
hysterectomy) are presented in Table 1. Age results were
combined for as many as 3915 patients from 24 myomec-
tomy studies and as few as 269 patients from six Lap-RFA
publications. Women who had hysterectomy were signif-
icantly older (45.6 years of age) and patients who had
myomectomy were on the average younger (37.4 years of

Figure 1. Article disposition flow diagram.
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Table 1.
Baseline Demographics and Patient Characteristics

Variable Myomectomy UAE Lap-RFA MRg-FUS Hysterectomy

Mean age, y (range) 37.4**** (32.0–43.2) 41.7*** (32.4–47.1) 41.5*** (39.2–43.6) 43.3** (35.6–46.0) 45.6 (44.2–49.3)

Cohorts, n 24 16 6 10 10

Patients, n 3915 1248 269 801 519365

References 10, 23–36 10, 21, 22, 26, 30, 31, 37–43 36, 44–47 21, 22, 47–54 30, 31, 36, 37, 55, 56

Mean BMI, kg/m2

(range)
24.0* (20.4–27.2) 26.6 (23.0–28.4) 30.4 (29.5–30.9) 25.2 (21.6–25.9) 27.8 (24.8–30.5)

Cohorts, n 18 4 2 5 6

Patients, n 1581 253 127 571 529

References 23, 24, 27, 28, 30, 32–36 30, 37, 43 44 30, 36, 37, 56 30, 36, 37, 56

Race, % (95% CI)

Caucasian 39.5 (10.9, 72.9) 58.3 (24.4, 88.2) 26.3 (2.0, 64.6) 20.0 (0.56, 56.7) 70.4 (61.3, 78.7)

Black 22.3 (5.7, 45.8) 12.4 (1.1, 33.4) 4.2 (0.9, 23.7) 5.0 (0.46, 14.1) 14.5 (8.1, 22.6)

Other 29.3 (0.43, 77.7) 22.5 (2.0, 55.8) 63.6 (14.5, 98.7) 72.2 (25.2, 99.6) 14.3 (12.0, 16.8)

Cohorts, n 9 8 6 8 5

Patients, n 858 589 269 715 519,023

References 23, 26, 27, 30, 35, 37 21, 26, 30, 37, 39, 42, 43 44–47, 57 21, 47–52, 54 30, 37, 55

Mean parity (range) 0.6 (0.07–1.1) 0.8 1.1 (1.0–1.1) 2.0 (1.9–2.2)

Cohorts, n 5 1 0 2 4

Patients, n 674 87 372 334

References 23, 26, 32, 36 26 48, 51 36, 56

Mean baseline HRQL
(range)

42.2 (37.3–46.4) 41.8 (40.2–42.9) 40.9 (37.3–60.2) 47.0 40.9

Cohorts, n 3 2 4 1 1

Patients, n 159 181 216 109 106

References 25, 30, 57 25, 30 44–46, 57 49 30

Mean baseline SSS
(range)

61.2 (55.9–70.2) 62.9 (59.8–65.1) 60.8 (43.6–77.2) 61.7 64.9

Cohorts, n 3 2 4 1 1

Patients, n 159 181 216 109 106

References 14, 52, 69 52, 69 14, 18, 27, 62 101 69

Mean baseline
EQ-5D

72.3 70.0 76.4

Cohorts, n 1 1 2 0 0

Patients, n 25 106 151

References 57 38 44, 57

UAE � uterine artery embolization; Lap-RFA � laparoscopic radiofrequency ablation; MRg-FUS � magnetic resonance-guided focused
ultrasound; BMI � body mass index; CI � confidence interval; HRQL � health-related quality of life; SSS � symptom severity score;
EQ-5D � EuroQol-5D.

*P � .10, **P � .05, ***P � .01, ****P � .001, hysterectomy results vs all other interventions.
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age) than any of the other interventional groups. There
were no significant differences in BMI except when con-
trasting the myomectomy group with the hysterectomy
group where the difference in BMI was marginally signif-
icant (P � .083). The distribution of patients within each
race category for each intervention group is uniform ex-
cept for the MRg-FUS and Lap-RFA groups. Five of the
eight MRg-FUS studies were conducted in an Asian coun-
try and 3 of the 6 studies in Lap-RFA group were con-
ducted outside the United States. Reporting of patient
parity was sparse, but it appears that patients who under-
went hysterectomy had the highest parity (2.0) and those
who underwent myomectomy had the lowest parity (0.6).

The results from baseline HRQL assessments were re-
ported sparingly. The largest cohort was four Lap-RFA
studies with a combined total of 216 patients. Only 1
MRg-FUS study with 109 patients and 1 hysterectomy
study with 106 patients reported administering baseline
HRQL surveys. The differences in baseline HRQL scores
between treatment groups were not statistically signifi-
cant. The greatest difference in baseline HRQL scores was
6.1 points between the MRg-FUS group and the combined
baseline HRQL scores for the 4 Lap-RFA studies. Only 1
hysterectomy study reported baseline HRQL scores. None
of the other differences in baseline HRQL scores for the
other interventions were statistically significant. Two pa-
pers reported median baseline HRQL scores and, thus,
could not be incorporated into the meta-analysis.21,22 In
addition, there was no significant difference between
baseline symptom severity scores among the intervention
groups. The largest difference of 4.2 points in the
weighted average baseline symptom severity scores was
between 1 hysterectomy study and four lap-RFA studies.
No analysis was performed on baseline of EQ-5D since
only 4 studies reported this parameter.

Fibroid Characteristics

Uterine and fibroid characteristics are presented in Table
2. The UAE treatment group reporting mean uterine vol-
ume was the largest cohort with 10 studies and 792 com-
bined patients. The greatest difference in the weighted
average baseline uterine volume was 341 cm3 between
the MRg-FUS and Lap-RFA groups; the difference was not
statically significant. The difference between the weighted
average baseline uterine volume for the Lap-RFA group
and any of the other treatment groups trended toward
significance.

The largest mean uterine volume of 973 cm3 was reported
for patients in one UAE study25 whereas the largest Lap-

RFA group uterine volume was 232.2 cm3.46 In terms of
the number of uterine fibroids treated per patient, MRg-
FUS group with 4 studies and 154 combined patients had
the lowest average number of 1.5 and myomectomy
group with 13 studies and 3451 combined patients had the
most fibroids treated of 4.5 on the average, but the differ-
ence was not statistically significant.

Intramural fibroids were the most frequently treated fi-
broids in all intervention groups except hysterectomy. The
largest diameter on the average ranged from a mean of 5.7
cm for the hysterectomy group (cohort of 2 studies and
194 combined patients) to a mean of 7.0 cm for the UAE
group (cohort of 14 studies and 1217 combined patients).
The largest fibroid diameter (10.7 cm) on average was
from 1 UAE study41 and the smallest mean fibroid diam-
eter reported from one myomectomy study24 and 1 Lap-
RFA study47 was 4.7 cm. Differences in fibroid diameters
between groups were not statistically significant.

Procedural Details

The greatest difference in weighted average operative
time of 78.5 min was between MRg-FUS group (cohort of
3 studies and 98 combined patients) and UAE group
(cohort of 5 studies and 697 combined patients) and
trended toward statistical significance (P � .054; Table 3.
The difference of 45.1 min between the hysterectomy
group (cohort of 5 studies and 423 combined patients)
and the UAE group was statistical significance (P � .042).
The difference of 55.1 min between the myomectomy
group (cohort of 16 studies and 3400 combined patients)
and UAE group was also statistically significant (P � .017).
The longest procedure time of 234 min was reported for
one robotic myomectomy study.28 The shortest procedure
time of 45 min was reported for one UAE study, which
described treatment within uteri of �700 cm3.41

Complications

Complications rates, which ranged from 4.1% to 16.8%
among groups, are reported in Table 4. Cohort sizes
ranged from 16 studies and 3479 combined patients for
the myomectomy group to 3 studies and 229 combined
patients for the Lap-RFA treatment group. When contrast-
ing the overall aggregated complication rates for the hys-
terectomy group (4.1%) with the UAE group (16.8%) and
the myomectomy group (7.9%), statistical significance was
found for both comparisons (P � .0001 and .004, respec-
tively). The difference between the overall complication
rate for the hysterectomy group and that found with the
Lap-RFA group (6.3%) and the MRg-FUS group (6.0%)
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were not statistically significant. However, major compli-
cations were infrequent and ranged from 1.3% for MRg-
FUS patients to 3.5% for myomectomy patients. Minor
complications ranged from 1.6% for hysterectomy patients
to 14% for UAE patients. Estimated blood loss (EBL) was
greatest in the hysterectomy group at 269.3 mL and was
the least at 35.4 mL in the Lap-RFA group. UAE and
MRg-FUS studies, as expected, did not report EBL. Patients
were hospitalized on average for 2.0–2.4 days after myo-
mectomy, UAE, and hysterectomy. Zero patients who had
Lap-RFA and MRg-FUS required hospitalization.

Long-Term Follow-up

Follow-up among the different studies varied from 3 to 56
months (Table 5). The longest average follow-up was

34.7 months based on 9 myomectomy studies with 689
combined patients and the shortest average follow-up was
11.2 months for 5 hysterectomy studies with 334 com-
bined patients. The weighted average reintervention rates
during reported follow-up periods ranged from 4.2% for
the myomectomy group to 30.5% for the MRg-FUS group
(cohort of 4 studies and 145 combined patients); the
difference of 26.3% was statistically significant (95% CI:
18.7%–34.6%; P � .0001). The difference of 25.3% (95%
CI: 16.9%–33.9%; P � .0001) between MRg-FUS and Lap-
RFA (cohort of 4 studies and 209 combined patients) was
also statistically significant, as was the difference of 15.7%
(95% CI: 8.0%–24.2%; P � .0001) between the MRg-FUS
and UAE groups (cohort of 12 studies and 1021 combined
patients).

Table 2.
Fibroid Characteristics at Baseline

Variable Myomectomy UAE Lap-RFA MRg-FUS Hysterectomy

Mean uterine
volume, cm3 (range)

457.9 (321–707) 540.5 (305–973) 214.7 (194–232) 555.8 (230–792) 543.5 (484–594)

Cohorts, n 4 10 2 3 2

Patients, n 258 792 67 210 194

References 23, 25, 30 21, 25, 30, 37, 38, 41, 43 45, 46 21, 22, 49 30, 37

Mean fibroids/
patient, n (range)

4.5 (1.0–6.5) 2.1 (2.1–2.2) 3.9 (1.4–5.0) 1.5 (1.1–3.9) 4.0 (4.0–4.0)

Cohorts, n 13 2 3 4 1

Patients, n 3451 77 212 154 8

References 23, 24, 29, 31, 33, 35, 57, 58 31, 42 44, 47, 57 47, 50–52 31

Fibroid type, %
(95% CI)

Subserosal 45.0 (24.4–63.3) 16.7 (6.8–29.8) 29.9 (18.1–43.2) 22.2 (16.7–28.1) 38.6 (26.5–51.4)

Intramural 45.1 (35.5, 54.9) 68.6 (57.1, 79.1) 56.9 (47.3, 64.9) 61.6 (50.2, 72.5) 26.3 (0.8–84.5)

Submucosal 16.1 (7.2–27.7) 20.2 (14.0–27.3) 10.3 (3.1–21.2) 16.2 (4.7–32.8) 24.1 (0.2–69.0)

Cohorts, n 9 7 5 4 2

Fibroids, n 6020 316 1049 202 55

References 24, 29–32, 57, 58 21, 22, 30, 31, 42, 43 44–47, 57 21, 22, 47, 52 30, 31

Largest mean fibroid
diameter, cm
(range)

6.4 (4.7–9.2) 7.0 (5.0–10.7) 6.9 (4.7–10.0) 6.7 (4.8–8.5) 5.7 (5.4–5.9)

Cohorts, n 14 10 4 2 2

Patients, n 1217 1003 142 101 194

References 10, 23, 25, 30, 32–34, 57, 59 10, 21, 25, 30, 37–39, 41, 42 45–47, 57 21, 47
30, 37

UAE � uterine artery embolization; Lap-RFA � laparoscopic radiofrequency ablation; MRg-FUS � magnetic resonance-guided focused
ultrasound; CI � confidence interval.

*P � .10, **P � .05, ***P � .01, ****P � .001 when contrasting hysterectomy results with all other interventions.
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As with reinterventions, a hospital readmission for uterine
fibroids among hysterectomy patients is not applicable. Only
the difference of 2.7% (95% CI: –3.6%, 5.3%; P � .024)
between the UAE group (cohort of 2 studies and 346 com-
bined patients) and the Lap-RFA group (cohort of 2 studies
and 66 combined patients) was statistically significant.

Percentage of patients reporting improvement in HRQL
and symptom severity scores from baseline was significant

between all intervention groups. Greatest improvement in
HRQL and symptom severity scores was noted in the
hysterectomy group at 92.3 and 7.6, respectively. HRQL
scores were equal at 84.1 in the myomectomy and Lap-
RFA groups and lowest in the MRg-FUS group at 67.9.
Symptom severity scores secondary to hysterectomy were
most improved in the Lap-RFA group to 19.5. The differ-
ences, nonetheless, in postoperative weighted-average

Table 3.
Procedural Details and Early Postoperative Follow-Up

Variable Myomectomy UAE Lap-RFA MRg-FUS Hysterectomy

Mean operative time,
min (range)

105.9 (68–234) 50.8* (45–79) 116.7 (66–126) 129.3 (93–228) 95.9 (80–133)

Cohorts, n 16 5 2 3 5

Patients, n 3400 697 162 98 423

References 19, 24, 28, 29, 32–36, 57 10, 11, 37, 41 44, 57 51, 52, 54 36, 37, 56

Mean EBL, mL
(range)

175.5 (16–459) 35.4 (32.5–51.0) 269.3 (181–474.8)

Cohorts, n 15 0 2 0 4

Patients, n 1394 162 334

References 10, 23, 28, 32–36, 57 44, 57 36, 56

Mean LOS, d (range) 2.0 (0.5–6.0) 2.4 (1.0–4.2) 2.2 (1.8–4.0)

Cohorts, n 14 8 0 0 5

Patients, n 3683 737 429

References 10, 23, 25, 28–30, 35, 36, 58 10, 22, 25, 30, 38, 39, 41 30, 36, 56

UAE � uterine artery embolization; Lap-RFA � laparoscopic radiofrequency ablation; MRg-FUS � magnetic resonance-guided focused
ultrasound; EBL � estimated blood loss; LOS � hospital length of stay.

*P � .10, **P � .05, ***P � .01, ****P � .001, hysterectomy results vs all other interventions.

Table 4.
Complications

Variable Myomectomy UAE Lap-RFA MRg-FUS Hysterectomy

Complication rate, %
(95% CI)

Overall 7.9*** (4.6–12.0) 16.8**** (7.7–28.6) 6.3 (2.7–11.2) 6.0 (2.3–11.2) 4.1 (0.9–9.3)

Major 3.5 (1.8–5.9) 2.7 (0.9–5.5) 1.7 (0.4–3.8) 1.3 (0.3–2.9) 2.1 (1.0–3.7)

Minor 3.7** (1.6–6.7) 14.0**** (6.7–23.3) 4.4** (1.1–9.7) 5.1*** (1.9–9.7) 1.6 (0.02–6.8)

Cohorts, n 16 10 3 6 5

Patients, n 3479 1154 229 298 439

References 10, 24, 25, 28–30, 32, 33, 35, 36, 60 10, 11, 22, 25, 30, 38, 39, 41, 42 60, 61 22, 49–53 30, 36, 56

UAE � uterine artery embolization; Lap-RFA � laparoscopic radiofrequency ablation; MRg-FUS � magnetic resonance-guided focused
ultrasound; CI � confidence interval.

*P � .10, **P � .05, ***P � .01, ****P � .001 hysterectomy results vs all other interventions.
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HRQL scores and symptom severity scores between inter-
ventions were nonsignificant at the 0.05 significance level.

DISCUSSION

The purpose of this review was to offer practitioners, who
provide care to women with fibroids, updated information
on the different modalities that are available for interven-

tional management of fibroids. We were looking for
trends that might guide clinicians when counseling pa-
tients who needed treatment of their fibroids. We con-
cluded that there was no definitive size, type or location of
fibroids that favored one treatment approach over an-
other. As the number of women with symptomatic fi-
broids, who seek minimally invasive options to address

Table 5.
Long-term Follow-Up

Variable Myomectomy UAE Lap-RFA MRg-FUS Hysterectomy

Mean follow-up, mo
(range)

34.7 (12–52) 13.5 (3–56) 27.0 (12–36) 12.6 (6–24) 11.2 (3–24)

Cohorts, n 9 15 4 5 5

Patients, n 689 1423 209 253 334

References 10, 25, 30, 32, 33, 43, 62 10, 11, 21, 22, 25, 30, 37, 38, 40–42, 63 45, 46, 62, 64 21, 22, 49–51 30, 37, 56

Reintervention rate, %
(95% CI)

4.2 (1.3, 8.5) 14.8 (8.0, 23.1) 5.2 (0.49, 14.5) 30.5 (11.6, 53.7)

Cohorts, n 6 12 4 4 0

Patients, n 915 1021 209 145

References 10, 25, 32, 43, 58, 62 10, 11, 21, 22, 25, 37, 38, 40, 63 45, 46, 62, 64 21, 22, 50, 51

Readmission rate � 90
days of discharge, %
(95% CI)

2.7 (0.91, 5.4) 3.4 (1.8, 5.6) 0.74 (0.11, 4.1) 7.4

Cohorts, n 5 2 2 1 0

Patients, n 193 346 66 108

References 10, 24, 28 10, 11 45, 46 49

Weighted mean HRQL
(range)

84.1 (81.1–86.3) 78.9 (72.9–82.9) 84.1 (77.8–97.8) 67.9 92.3

Cohorts, n 3 2 4 1 1

Patients, n 139 157 193 108 95

References 25, 30, 62 25, 30 45, 46, 62, 64 49 30

Weighted mean SSS
(range)

37.0 (22.3–55.9) 38.0 (23.4–59.8) 19.5 (5.5–27.6) 37.7 7.6

Cohorts, n 3 2 4 1 1

Patients, n 139 157 193 108 95

References 25, 30, 62 25, 30 45, 46, 62, 64 49 30

Weighted mean EQ-
5D (range)

79.3 82.0 86.2 (85.2–87.2)

Cohorts, n 1 1 2 0 0

Patients, n 25 93 129

References 62 38 62, 64

UAE � uterine artery embolization; Lap-RFA � laparoscopic radiofrequency ablation; MRg-FUS � magnetic resonance-guided focused
ultrasound; CI � confidence interval; HRQL � health-related quality of life; SSS � symptom severity score; EQ-5D � EuroQol-5D.

*P � .10, **P � .05, ***P � .01, ****P � .001, hysterectomy results vs all other interventions.
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their symptoms with the least disruption to their routines
increases, it is important to be current with available
therapeutic strategies.

It was challenging to assess the outcomes of different
available treatment options. From 2006 to 2016, selecting
the optimal procedure for the patient was based on a
multitude of factors ranging from size, number, and loca-
tion of fibroids; symptoms; and fertility plans as well as
cultural beliefs and perceptions. Hysterectomy is a cura-
tive procedure, and results of this analysis indicate that
hysterectomy has overall low complication rates and the
highest improvement in HRQL and symptom severity
scores. However, there was a lack of long-term data on
patients who underwent hysterectomy, as we identified
only 1 study that assessed outcomes beyond the periop-
erative period. In the EMMY trial (Uterine Artery Emboli-
zation (UAE) Versus Hysterectomy for Uterine Fibroids)
over the course of 5 years, 10.7% of patients who under-
went hysterectomy needed reintervention because of de-
velopment of adhesions, vesicovaginal fistula, or the need
for reconstructive surgery.65

Increasingly, women are seeking alternatives to hysterec-
tomy and desire uterine conservation even in peri- and
postmenopausal age groups. Our review shows that there
are several options available for them.

Myomectomy

Myomectomy is a uterine-conserving procedure tradition-
ally provided for patients who desire future fertility. It was
unclear whether small fibroids significantly impair fertility
unless they were submucosal. Patients who had multiple
fibroids or fibroids that were 5 cm and greater in size may
be at higher risk for miscarriages, malpresentation of the
fetus during pregnancy, cesarean delivery, and postpar-
tum hemorrhage. As expected, women who underwent
myomectomy were, on average, younger and had lower
parity. Myomectomy was associated with some morbidity,
as indicated by a 7.9% complication rate that was second
highest after UAE, and moderate EBL (although EBL at
myomectomy was less than that at hysterectomy). Tradi-
tionally, myomectomy has been by the open abdominal
approach; however, in well-selected individuals, myo-
mectomy can be performed laparoscopically, with or
without robotic assistance, or using variations of tech-
niques, such as minilaparotomy.33,58 It is a common per-
ception that the abdominal approach for myomectomy
provides the strongest repair of the uterine scar, because
the defect is closed in multiple layers.23 Over the past
decade, this belief has been challenged and debated. In

2004, the first published data came out on robotic-assisted
laparoscopic myomectomy with the da Vinci robot (Intu-
itive Surgical, Sunnyvale, California, USA) and, since that
time, an increasing number of providers are using this
approach for myomectomy. The advantage of 360° move-
ment of surgical instruments by the robot enables efficient
multilayer closure of the uterine scar. Also, data from
patients who had laparoscopic myomectomy did not
show an increase in uterine scar dehiscence or rupture.58

Gynecologic surgeons must recognize that meticulous
closure of hysterotomy incision is critical, especially in
women who are considering future pregnancy. Reduced
recovery times and reduced patient discomfort are obvi-
ous advantages of minimally invasive approaches for
myomectomy.

The mean reintervention rate after myomectomy was 4.2%
in the 6 studies that reported this event. Patients who had
multiple myomas removed had a greater chance of fibroid
recurrence, likely prompting further interventions, com-
pared to patients who had fewer fibroids. In addition,
practitioners need to counsel patients, who have had
myomectomy, that they may need cesarean delivery in an
event of pregnancy, if the muscle of the uterus was sig-
nificantly disrupted and required extensive reconstruc-
tion. Vaginal delivery in those circumstances may not be
an option because of increased risk of uterine rupture.29

Although cesarean delivery is a commonly performed
procedure, it inherently carries additional surgical risks.

Uterine Artery Embolization

Uterine artery embolization became available for fibroid
treatment in 1995.38 Since that time, it has become ac-
cepted as a minimally invasive, uterine-conserving ap-
proach. UAE had the highest reported complication rate of
16.8%. Most of the complications, however, were minor
(14%), and only a few (2.7%) were considered to be
major. Surprisingly, in the reviewed studies, the typical
hospital stay after UAE was 2.4 days, although UAE had
the shortest mean operating room time. The reinterven-
tion rate of 14.8% at the mean follow-up of 13.5 months
was statistically and clinically significant. Patients re-
ported, however, greater improvement of their fibroid
symptoms as reflected by post-treatment high HRQL and
EQ-5D scores and low symptom severity scores. It is
noteworthy that patients who underwent UAE had the
largest fibroid diameters compared to all other treatment
groups and the largest proportion of intramural myomas;
these factors may have contributed to the observed out-
comes. In clinical practice, many women fear disruption
of ovarian function and earlier onset of menopausal tran-
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sition that may be associated with UAE; these fears may
represent an inherent bias within this patient population.
The chance of developing premature ovarian failure was
very low in patients who were younger than 40 years of
age; however, this risk increased in women older than 45
years as evident by the increase of gonadotropins to
postmenopausal levels.66 Patients who desire to preserve
their fertility should be carefully counseled as to the ben-
efits and risks associated with UAE.

Laparoscopic Radiofrequency Ablation

In 2012, the U.S. Food and Drug Administration (FDA)
approved Lap-RFA for the treatment of symptomatic fi-
broids. Well documented uses of radiofrequency ablation
include treatment of cancers of the liver, kidney, prostate,
breast, lung, and skin, as well as cardiac arrhythmias and
neurologic and spinal conditions.67–75 Lap-RFA is the new-
est available minimally invasive, uterine-conserving tech-
nique for the treatment of fibroids. Laparoscopy is neces-
sary to visualize fibroids and laparoscopic ultrasound
guides correct placement of the ablation needle. How-
ever, there is no need for extensive dissection of the,
which could lead to scar tissue formation, blood loss, and
healing defects. At the time of Lap-RFA, gynecologic sur-
geons can potentially treat or diagnose other gynecologic
conditions such as adnexal masses or endometriosis. Our
analysis indicates that Lap-RFA is associated with low
complication rates, minimal EBL, and low reintervention
rates. In addition, patients reported major improvement in
their HRQL and symptom severity scores compared to
reports of more traditional interventions, such as hyster-
ectomy, myomectomy, and UAE. Women who had Lap-
RFA did not require hospitalization, similar to women
who had MRg-FUS. Because of the precise placement of
RF probe into a targeted myoma, which is confirmed by
laparoscopic ultrasound before ablation, there is minimal
disruption of normal myometrium and ovarian function.44

This is advantageous for patients who may desire future
pregnancy. Pregnancy data are limited; however, normal
full-term pregnancies resulting in vaginal deliveries have
been reported after Lap-RFA.60 As of January 2017, a CPT-I
code has been assigned. We are hopeful that this recog-
nition of the Lap-RFA as an effective treatment of uterine
fibroids will allow more patients to access this procedure.

Magnetic Resonance-Guided Focused Ultrasound

MRg-FUS is another noninvasive method for treatment of
fibroids that was approved by the FDA in 2004. This
method also carries low complication rates, no blood loss
and moderate improvement in HRQL and symptom sever-

ity scores. The average reintervention rate, however, was
the highest at 30.5%. During this procedure, focused ul-
trasound is applied through abdominal wall causing sig-
nificant heat at the target area, therefore, there is signifi-
cant concern for injury of organs that may be in the way
of the focused ultrasound, such as bowel, bladder, and
sacral nerves.49 This limits MRg-FUS use in patients whose
fibroids may not be safely accessible and influences pa-
tient selection. On the other hand, MRg-FUS is FDA ap-
proved to treat patients who desire fertility, given that it is
not associated with increased risks of spontaneous abor-
tion and placental disorders. Data on successful term
pregnancies after MRg-FUS are limited but appear com-
parable to surgical options.12 However, insurance cover-
age and reimbursement for MRg-FUS has been inconsis-
tent. In many cases this procedure is approved on an
individual basis, creating frustration for both patients and
providers.

Limitations and Possible Bias

As this study was a meta-analysis, it was limited by the
inherent heterogeneity among studies. We derived our
conclusions from different study types with different de-
signs and methodologies to provide a comprehensive
review of the most current literature on uterine-sparing
procedures. Although some of the included studies were
randomized controlled trials, most were not and were
assigned an ACOG quality score of B. The data extraction
process was challenging for certain data categories, as
there was a lack of uniformity in reporting conventions.
For example, the same type of complication was consid-
ered “major” in one study but “minor” in another; conse-
quently, we used our discretion to categorize complica-
tions uniformly to facilitate and validate the statistical
analysis. In addition, surgeons may choose to treat larger
size fibroids in procedures that have been studied exten-
sively and have received clearance by the FDA, whereas
fibroid sizes may be smaller in those premarket studies
(because of protocol restrictions) as evident in many pa-
tients who underwent Lap-RFA and MRg-FUS.

We did not perform a comprehensive review of hystero-
scopic myomectomy or endometrial ablation, as there was
a paucity of related data during the study period. Abdom-
inal, laparoscopic, and robotic approaches were included
in the myomectomy category and may have influenced
some of the measured outcomes. We also did not analyze
fertility outcomes or adverse pregnancy outcomes, as
these subjects were beyond the scope of this review.
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Future Research

The currently available data regarding certain fibroid char-
acteristics, such as size, location, or number are insuffi-
cient to assign specific cutoffs that favor one treatment
modality over another. Further comprehensive prospec-
tive research, ideally in the form of well-powered random-
ized controlled trials, is needed to validate the specific
treatment modality preferred for specific anatomical vari-
ances of fibroids.

Cost analysis of different technologies and procedures for
fibroid treatment may add tremendous value to the way
we view the different approaches. Procedures that have
short or no hospital stay, low complication and reinter-
vention rates, and high levels of patient satisfaction in
controlling symptoms may become the first-line ap-
proaches for treating uterine fibroids.

Ultimately, our goal should be the development of an
evidence-based algorithm or guideline, which would as-
sist the clinician in recommending the optimum treatment
for women with symptomatic fibroids who desire uterine
preservation.
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APPENDIX

Record Article Number – First 4 Letters of Lead Author’s Last Name: __ __ __ -__ __ __ __   

Journal (year): ___________________________ Extractor Initials: ___ ___ ___

Primary Inclusion/Exclusion Criteria 
1. Original research 
(Exclude editorials, commentaries, letters to editor, reviews, etc.) 

Yes No Cannot 
Determine 

seY6102yraunaJdna6002neewtebdehsilbupydutS.2 No Cannot 
Determine 

seYhsilgnEnidehsilbupydutS.3 No Cannot 
Determine 

4. Is this study located in a developed nation? 
(US, Mexico, South America, Central America, Canada, UK, Western Europe, 
Japan, Australia, New Zealand, Israel, Scandinavia) 

Yes No Cannot 
Determine 

5. Eligible Study type (check all that apply) 
a. ___RCT 
b. ___Prospective 
c. ___Retrospective 
d. ___Cohorts with comparison 
e. ___Case-control 
f.  ___Case series (N =_____)  
g. ___Incidence/prevalence in US populations (Discussion) 
h. ___Cost of treatment in US populations (Discussion) 

Yes No Cannot 
Determine 

6. Applies to research topic 
(If not, select one or more of the following reasons for exclusion): 
a. ___Basic science 
b. ___Imaging/diagnostic study 
c. ___Medical treatment only 
d. ___Not a clinical study 
e. ___Systematic review of research topic 
f. ___Not “uterine” fibroids 
g. ___Other______________________________________________ 

Yes No Cannot 
Determine 

Figure A1. Data Extraction Form: Abstract Review Form.
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Record Article Number – First 4 Letters of Lead Author’s Last Name: __ __ __ -__ __ __ __   

Journal (year): ___________________________ Extractor Initials: ___ ___ ___

Primary Inclusion/Exclusion Criteria 
1. Eligible Study type (check all that apply) 

a. RCT
b. Prospective 
c. Retrospective 
d. Cohorts with comparison 
e. Case-control 
f.  Case series (N =_____)  
g. Incidence/prevalence in US populations (Discussion) 
h. Cost of treatment in US populations (Discussion) 

Yes No Unsure 

IF “No” IN THE GRAY BOX IS CHECKED ABOVE FOR ALL STUDY TYPIES, THE 
ARTICLE IS EXCLUDED. OTHERWISE CONTINUE COMPLETING FORM 

Content Inventory 
1. _____Treatment of women with symptomatic fibroids 

a. ___Myomectomy (abd and lap) 
b. ___Hysterectomy (abd, lap,) 
c. ___Uterine Artery Embolization 
d. ___Ablative Therapies (MRg-FUS, lap-RFA) 
e. ___Other Treatment(s)_______________________________________________________ 

2. _____Patient Population Characteristics at Baseline (Page #______________). Check all reported. 
a. ___Age 
b. ___Race/ethnicity
c. ___Height (inches or meters) 
d. ___Weight (lbs or kg) 
e. ___BMI 
f. ___History of smoking 
g. ___Parity 
h. ___Concurrent medical conditions 
i. ___Type of uterine fibroid treated 
j. ___Fibroid size/number/location 
k. ___Uterine volume 
l. ___Blood loss 
m. ___Prior treatment for symptomatic uterine fibroids 
n. ___Symptoms or Symptom Severity Score 
o. ___Quality of Life Scores 
p. ___Other ______________________________________________________________________ 

3. _____Short term outcomes, 90 days or less (Page #s______________). Check all reported.
a.___Treatment time 
b.___Anesthesia time 
c.___Blood loss 
d.___Complications 
e.___Length of hospital stay 
f. ___Return to normal activities 
g.___Return to work 
h.___Fibroids size/number 
i. ___Uterine volume 
j. ___Re-hospitalization within 90 days of treatment 
k.___Other:__________________________________________________________ 

Figure A2. Data Extraction Form: Full Text Review Form.
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Record Article Number – First 4 Letters of Lead Author’s Last Name: __ __ __ -__ __ __ __   

Journal (year): ___________________________ Extractor Initials: ___ ___ ___

4. _____Long term outcomes, > 90 days (Page #s______________). Check all reported.
a.___Fibroids size/number 
b.___Uterine volume 
c.___Quality of Life Scores 
d.___Pregnancy 
e.___Symptoms or Symptom Severity Score 
f. ___Continued fibroid symptoms 
g.___Recurrence rate 
h.___Re-intervention rate 
i. ___Follow-up, 1-year, 2-year, 3-year, longer______________________________ 
j. ___Other:__________________________________________________________ 

5. _____Quality Rating Issues (Check only those issues which may have effected clinically important variables.)
Internal Validity
a.___Random (Randomized, Y/N)
b. ___Methods and blinding (If Randomized, method used_____________; Blinding/Masking, Y/N)
c. ___Patient selection criteria (How selected_______________. Adequate description of patient 

characteristics, Y/N)
d. ___Loss to Follow-up (Number or percent lost to follow-up________. Reasons for dropout_____________)
e. ___Statistical (Analysis adjusted for non-normal distribution, small sample size, stratified, etc.)

External Validity
a.___Fibroid/uterine size (Was a description of factors known to influence outcomes, i.e. age, ethnicity, 

pregnancy history, prior surgery, etc. provided?)
b.___Prior invasive intervention for symptomatic uterine fibroids 
c.___Measurement timing (When were outcomes measured? Time of discharge only, 1-yr, 2-yr, 3-yer, > 3-yr)
d.___Measurement methods (Was there an adequate description of the measurement methods?)
e.___Measurement reliability (Were measurement methods used consistently?)
f. ___Standardized procedures (Were validated and standardized instruments used to measure outcomes?)
g.___Other:__________________________________________________________ 

ACOG Quality Score________ 
A. There is good evidence to support the recommendation (RCT only) 
B. There is fair evidence to support the recommendation. 
C. There is insufficient evidence to support the recommendation; however, the recommendation may be made on other 

grounds.
D. There is fair evidence against the recommendation. 
E. There is good evidence against the recommendation.

6. _____Evidence Table(s) to be Populated, (Check all that apply): 
a.___KQ1, pages___________  Table(s)___________  
b.___KQ2, pages___________  Table(s)___________ 
c.___KQ3, pages___________  Table(s)___________ 

Key Questions
1. What are the general demographics of patients choosing to have a uterine conserving therapy versus a hysterectomy in 

treating their symptomatic uterine fibroids from 2006 to 2016? 
2. What are the types of uterine fibroids treated with each of the uterine conserving therapies versus a hysterectomy in the 

management of symptomatic uterine fibroids from 2006 to 2016? 
3. What are the short and long-term clinical outcomes with a uterine conserving approach versus a hysterectomy in the 

management of symptomatic uterine fibroids from 2006 to 2016? 

Figure A2. Continued.
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Table A1.
Study Selection

Selection Criteria

Study was reported in the English-language peer-reviewed literature, as a full article rather than an abstract.

Study reports treatment of symptomatic uterine fibroids information.

Comparative trials where interpretation of the study test was not blinded to the results of the reference standard were excluded.

Patients reported in one study are not reported in other included studies.

At least ten patients in the treatment group and the control group, if one used.

Studies were included irrespective of their prospective or retrospective design.

Studies were included irrespective of minor discrepancies in accounting for patients.

Studies were excluded if isolated case reports.

Studies were excluded if random experience reports lacking sufficient detail to permit scientific evaluation; unsubstantiated
opinions.

Relevance of Data

Literature was selected which clinically, technically or biologically demonstrated relevance to the uterine preserving interventions
as detailed below.

Assessment of Clinical Data

The identified literature was assessed for the following:

Relevance of author’s background and expertise.

Whether the conclusion was substantiated by the available data.

Whether literature reflects the current medical practice.

Whether references were from recognized scientific publications.

Whether scientific principles in relation to study design, good clinical practices, and so forth, were followed.

American Congress of Obstetrics and Gynecology, ACOG, Publication Grading Criteria*

A. There is good evidence to support the recommendation.

B. There is fair evidence to support the recommendation.

C. There is insufficient evidence to support the recommendation; however, the recommendation may be made on other grounds.

D. There is fair evidence against the recommendation.

E. There is good evidence against the recommendation.

*An ACOG grade of A or B was required for the publication to be included in the meta-analysis.
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