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intRoduction
The first surgical myomectomy was performed in the 1840s. 
More recently, myomectomy has been shown to result in 
fertility rates of approximately 53.6–55.9%. Ravina et al1 
reported the first uterine artery embolization in France in 
1995, followed with early reports by Pelage et al2–5 showing 
a low complication rate and effectiveness.

Uterine artery embolization (UAE) was initially performed to 
prevent or limit bleeding prior to myomectomy or for post- 
partum hemorrhage. Later, it was recognized as an effective 
treatment for uterine leiomyomas, typically with abnormal 
uterine bleeding.4,6–10 This is often referred to as uterine 
fibroid embolization (UFE). Work by Spies and others11,12 
have advanced the technical aspects of the procedure and 
clinical evaluation and management of females under-
going embolization. UFE has increased in prevalence since 
it was first performed with estimates of annual worldwide 
procedures being about 25,000 in 2008.13,14 UFE has been 

recognized as an effective treatment for fibroid- associated 
symptoms such as abnormal uterine bleeding and bulk symp-
toms resulting in pelvic pain and bladder and bowel symp-
toms.13,15–18 Compared to hysterectomy and myomectomy, 
length of hospital stay and major complications are lower 
with UFE, but there is a higher reintervention rate. Some 
studies report better symptom management with hyster-
ectomy but future pregnancy is eliminated.19–25 Reports of 
uterine necrosis following UAE, while infrequent, do occur 
and are more common in patients with co- morbidities such 
as diabetes.26

For many years, anecdotal evidence suggested UFE should be 
avoided in patients wishing to maintain fertility. This idea has 
been perpetuated by medical textbooks and practicing physi-
cians and supported by individual case studies. While there 
are limitations to published studies in the literature, more 
studies are available for analysis. Ethical considerations and 

Received: 
22 June 2019

Accepted: 
25 September 2019

Revised: 
29 August 2019

© 2020 The Authors. Published by the British Institute of Radiology

ABStRAct

Females with symptomatic leiomyomas (fibroids) wishing to maintain fertility are faced with difficult treatment choices. 
These include uterine fibroid embolization (UFE), myomectomy, hormonal therapy, MRI high intensity focused ultra-
sound, and myolysis. This review focuses on UFE, one of the most commonly accepted minimally invasive procedural 
choices among patients with symptomatic fibroids wishing to retain the option of becoming pregnant in the future, 
and makes comparisons to myomectomy which has historically been the surgical choice for fertility- preserving fibroid 
treatment. Pubmed and Google Scholar searches using keywords such as: uterine artery embolization, uterine fibroid 
embolization, pregnancy, complications, infertility were performed between Jan 1, 2019 and May 10, 2019. Publications 
were chosen based on their inclusion of information pertaining to fertility or pregnancy after UFE without being limited 
to single case reports.
Randomized controlled trials comparing myomectomy and UFE are limited due to study size and confounding vari-
ables, but through registry data and familiarity with referring clinicians, UFE has gained wide acceptance. Healthy 
pregnancies following UFE have been sporadically reported but the actual fertility rate after UFE remains uncertain. 
Conversely, low birth weight, miscarriage and prematurity have been associated with UFE. Despite inherent risks of 
possible fertility issues after UFE, the procedure remains an option for females with clinically symptomatic fibroids 
who desire pregnancy. However, additional research regarding rates of conception and obstetrical risks of infertility 
following UFE is necessary.
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patient autonomy often restrict these studies to an observational 
scope.

There is little agreement regarding fertility status following 
uterine fibroid embolization.27–30 Approximations of fertility 
status post myomectomy are placed at 53.6–55.9%,31 but fertility 
rates post- UFE have not yet been effectively quantified. Published 
studies have limitations and biases while predictive values may 
be inaccurate. Our review attempts to analyze published reports 
(Table 1) and address qualitative perspectives.

PRegnAncy conceRnS
Clinical concerns about post- UFE fertility involve the capability 
to conceive and maintain a pregnancy, premature menopause, 
radiation exposure risks, preterm delivery, postpartum hemor-
rhage, and spontaneous abortion rates.6,32

Effect on conception, spontaneous abortion, 
preterm delivery, and cesarean delivery rates
Uneventful full- term pregnancies and healthy deliveries have 
been reported post- UFE with cautions of unknown complica-
tions and the necessity for further data.5,33–37 One of the largest 
studies reported was a multicenter Canadian trial by Pron et al.33 
They reviewed 555 patients treated for symptomatic fibroids and 
retrospectively analyzed fertility following treatment. A total of 
24 pregnancies occurred in 21 females within 4 years following 
embolization; 23 spontaneously and 1 by in vitro fertilization. 18 
live births (14 term, 4 preterm), 4 spontaneous abortions, and 2 
elective abortions occurred in this subset. Of the term pregnan-
cies, nine were delivered vaginally, and five by cesarean section. 
The mean maternal age at delivery was 36 years, highlighting 
advanced age as a confounding factor in this population. Of 
those patients, 31% were under 40 years of age and 16% of the 
participants were lost to follow- up after 2 years. Study limitations 
included the uncertainty of desired pregnancy and contraception 
use.

Table 1.  Fertility and obstetrical complications post- UFE

Study aConception Spontaneous abortion Preterm delivery Cesarean delivery
Pron et al (2005) 21/NR (UKN%)

b24
4/24 (16.7%) 4/18 (22.2%) 5/14 (35.7%)

cWalker & Pelage, 2003 12/24 (50.0%)
b13

2/13 (15.4%) 1/9 (11.1%) 1/9 (11.1%)

cWalker & McDowell (2006) 33/108 (30.6%)
b56

17/56 (30.4%) 6/33 (18.2%) 24/33 (72.7%)

cWalker & Bratby (2007) 51/108 (47.2%)
b67

20/62 (32.3%) 5/42 (11.9%) 27/40 (67.5%)

Ravina et al (2000) 9/NR (UKN%)
b12

5/12 (41.7%) 3/7 (42.9%) 4/7 (57.1%)

Goldberg et al (2004) 53/NR (UKN%)
b53

12/51 (23.5%) 5/32 (15.6%) 22/35 (62.9%)

Walker & Pelage, 2003 10/d39 (25.6%)
b11

3/11 (27.3%) 1/8 (12.5%) 4/8 (50.0%)

Mara et al (2008) 13/26 (50.0%)
b17

9/14 (64.3%) 0/5 (0.0%) 3/5 (60.0%)

Holub et al (2008) 20/39 (51.2%)
b28

14/25 (56.0%) 2/10 (20.0%) 8/10 (80%)

Kim et al (2005) 5/6 (83.3%)
b8

0/8 (0.0%) 1/7 (14.3%) 2/7 (28.6%)

Walker & Pelage, 2003 14/d52 (26.9%)
b17

5/17 (29.4%) NR NR

Dutton et al (2007) 27/187 (14.4%)
b37

15/34 (44.1%) NR 15/19 (78.9%)

General population g, h75–95% e15–25% f12.6% f31.9%
aNumber of females who became pregnant/number of females desiring pregnancy, during follow- up period. This does not consider efforts made 
or neglected to the end of conception.
bNumber of pregnancies reported during follow- up period.
cThis was a continuing study with multiple reports.
dThose desiring future fertility and under the age of 40 years.
eEvaluation and treatment of recurrent pregnancy loss: a committee opinion. The American Society for Reproductive Medicine. 2012.
fBirths: Final Data for 2016. National Center for Health Statistics, Centers for Disease Control and Prevention. 2018.
gTaylor, Alison. ABC of subfertility, Extent of the problem. British Medical Journal. 2003.
hRates increase with follow- up length of time from 6 months to 2 years.
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Walker and McDowell32 reported a series of 200 pregnancies 
following UFE over a 9- year period. In a cohort of 108 females 
attempting to conceive, 56 pregnancies were identified of which 
33 (59%) were term and 6 were premature deliveries. In the 
remainder, there were 17 spontaneous abortions, 2 stillbirths, 1 
ectopic pregnancy and 3 elective terminations. 24 of the 33 term 
pregnancies were delivered via cesarean section. Walker and 
Pelage5 reported 13 pregnancies post- UFE in 24 females. 10 of 
them were actively trying to conceive and 3 reported unexpected 
pregnancies. Of the 13 pregnancies, there were 9 successful 
deliveries (8 term and 1 at 27 weeks’ gestation secondary to 
preeclampsia). The other four pregnancies ended in two sponta-
neous abortions, one ectopic pregnancy, and one elective termi-
nation. In the continuation of their study, Walker and Bratby38 
suggested that females with all subtypes of fibroids treated with 
UFE had the potential for future fertility.

Ravina et al34 reported 12 cases of pregnancy in 9 females after 
UFE. The median maternal age was 40 years and time from UFE 
to pregnancy was 9 months. 5 of the 12 pregnancies ended in 
early spontaneous abortions and 7 had uneventful pregnancies: 
3 delivered vaginally and 4 delivered via cesarean section. Three 
of the births were premature but this was determined to be unre-
lated to the UFE: one was complicated by severe AIDS and strep-
tococcal septicemia, while the others were a twin pregnancy with 
late toxemia and gestational hypertension.

Another retrospective study comparing 53 pregnancies after 
UFE with 139 pregnancies after myomectomy (the study groups 
were not adjusted) found a higher rate of preterm delivery and 
malpresentation in the UFE cohort [odds ratio (OR), 6.2; 95% 
confidence interval (CI) (1.4–27.7), and OR, 4.3; 95% CI (1.0–
20.5) respectively].39

Pabón et al40 prospectively studied a subset of 57 patients who 
desired to maintain fertility out of 100 patients who underwent 
UFE. They reported 11 pregnancies in 10 females resulting in 
8 live births; 4 were spontaneous vaginal deliveries and 4 were 
cesarean deliveries. Three pregnancies ended in early miscar-
riages. Birth weights and placenta morphology were normal in 
the live births with one delivery before 37 weeks’ gestation. It 
is unclear if the 57 females were actively attempting to become 
pregnant during the follow- up period which ended after 2 years 
for most the patients.

A randomized prospective trial comparing UFE with myomec-
tomy and implications for future fertility was conducted by Mara 
et al.41 There was equipoise in post- procedural results with no 
significant difference between groups for the metrics of technical 
success rate, symptomatic effectiveness, post- procedural follicle 
stimulating hormone levels, reintervention rate, or complication 
rate. UFE, however, showed decreased length of hospital stay, 
lower serum inflammatory levels, shortened recovery period, 
shorter procedure times and less disability at greater than 2 
weeks (p < 0.0001 for all parameters) (these data suggested that 
UFE was the less invasive approach with improved recovery 
times). Perinatal outcomes including mean birth weight, mean 
completed gestational weeks, preterm delivery, cesarean section, 

post- partum hemorrhage, perinatal hypoxia, pre- eclampsia, 
and intrauterine growth restriction were similar in both groups. 
Study limitations were small sample size and unequal number 
in each group attempting to conceive (40 in myomectomy and 
26 in UFE group). In addition, this study gave more insight into 
the effects of UFE on the fertility of younger females as the mean 
age of pregnant females after UFE was 32.8 years and that after 
myomectomy was 34.3 years. The rates of spontaneous abortion 
and pregnancy were 64 and 50%, respectively, after UFE (both 
higher compared to many other observational and retrospective 
studies), and 23 and 78%, respectively, after myomectomy. The 
differences in outcome for these two parameters were of statis-
tical significance (p < 0.05). The relative risk of infertility after 
UFE compared to myomectomy in this study was 2.22 [95% 
CI (1.11–4.44)]. Holub et al42 also found an increased risk of 
spontaneous abortions in patients who had undergone UFE as 
compared to laparoscopic uterine artery occlusion (14/25 and 
4/36 pregnancies respectively, p < 0.001).

A systematic review by Homer and Saridogan43 found post- UFE 
pregnancies and fibroid- containing pregnancies experienced 
similar rates of preterm delivery, intrauterine fetal growth restric-
tion, and malpresentation, while the post- UFE pregnancies were 
at increased risk for miscarriage [OR 2.8; 95% CI (2.0–3.8); p < 
0.001], cesarean delivery [OR 2.1; 95% CI (1.4–2.9); p < 0.0001], 
and post- partum hemorrhage [OR 6.4; 95% CI (3.5–11.7); p < 
0.0001]. In another retrospective multicenter study, Hirst et 
al44 found fertility and miscarriage rates were similar between 
age- matched females who had undergone UFE and those who 
elected to receive no treatment at all.

Kim et al37 studied six females who desired fertility and were 
making lifestyle choices amenable to conception, and found 
five (83%) became pregnant and one conceived a second time 
during the study period. In the total population followed, eight 
pregnancies occurred: six were planned, and two resulted from 
contraception failure. Among these pregnancies, one was termi-
nated electively, five delivered vaginally and two by cesarean 
section. One case of premature rupture of membranes followed 
by preterm delivery of a small- for- gestational age neonate was 
reported.

Radiation exposure and premature menopause
Radiation exposure in UFE is a safety concern requiring disclo-
sure during the consultation for uterine fibroid treatment. 
McLucas et al35 found the average radiation exposure was 14 rad 
(radiation absorbed dose) among 50 patients undergoing UFE. 
Nikolic et al45 estimated the average radiation doses absorbed to 
the ovaries and skin during UFE as 22.34 cGy (centigray) and 
162.32 cGy respectively; concluding this exposure was unlikely 
to cause acute or long- term damage or to pose a risk to progeny 
of the exposed patient. Advances in techniques and radiation 
reduction methods are able to reduce the absorbed radiation 
dose.46

McLucas et al6 reported 4 out of 163 patients developed prema-
ture menopause, with affected patients all over the age of 45 years. 
The Ontario trial33 cited three cases of post- partum hemorrhage, 
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due to placental abnormalities, among the 21 pregnancies. The 
likelihood of UFE causing amenorrhea appears to be largely 
age- dependent, with cases occurring under the age of 40 years 
being rare.15 In their study of 400 females, Walker and Pelage5 
found that 26 patients (7%) experienced permanent amenorrhea 
following embolization, including 4 patients under the age of 45. 
Ovarian artery- to- uterine artery anastomoses have been classi-
fied into three different types and non- target embolization to one 
or both arteries is possible and implicated in ovarian failure or 
diminution of ovarian functional reserve following UFE.47–50 In 
cases where premature ovarian failure is a concern, occlusion of 
the uteroovarian collateral vessels prior to UFE could be protec-
tive.51 Ovarian artery collaterals are often diminutive and cannot 
be visualized at the time of UFE. Although premature ovarian 
failure may theoretically occur, it is likely a rare event, and current 
evidence is too sparse to draw any meaningful conclusions.33

concluSion
Uterine fibroid embolization has become an accepted non- 
invasive method for treatment of symptomatic leiomyomas in a 
wide range of patient ages, including reproductive age females. 
There are limitations in the reported literature on rates and 
outcomes of pregnancy in the subgroup of females of repro-
ductive age desiring pregnancy who have undergone uterine 
artery embolization for any reason. Many patients included in 
the existing studies and case reports have variable factors that 
confound direct analysis or comparison that include, advancing 
maternal age, uterine wall compromise, previous spontaneous 
abortions, prior uterine surgeries, variable technique and skill 
of interventional radiologists, unknown desire to conceive and 
carry a fetus to term, and other unknown causes of infertility. 
Additionally, the most well- controlled studies encountered often 
have small population sizes which make it difficult to gain mean-
ingful clinical information from them.

It is clear, however, that pregnancy is attainable for females 
following UFE and many of these pregnancies proceed unevent-
fully to successful deliveries. The actual fertility rate following 
UFE remains uncertain,27 but is approximated to 38.3% based on 
the published results available (Table 2). This number disregards 
factors such as patient age (this calculation includes females up 
to age 45), efforts to conceive, past surgical or medical history, 
and other pertinent considerations; it is reasonable to expect that 
a cohort of younger females trying to conceive would experience 
higher rates of fertility.

When compared to myomectomy for treatment of symptomatic 
uterine fibroids, UFE is superior in terms of symptom manage-
ment and length of stay, however, may be associated with an 
increased risk of preterm delivery and spontaneous abortion. 
In comparing cesarean section rates between patients in each 
group, increased rates of cesarean delivery do not correlate 
with higher rates of complications. Conclusions on the expedi-
ence of UFE vs myomectomy for females wishing to maintain 
fertility are limited by small sample sizes, lack of randomiza-
tion, and inability to control confounding variables. Another 
obstacle in comparing studies is the differences in follow- up 
periods that vary from 1 to 2 years to greater than a decade. 
Other treatment options, such as MRI- guided focused ultra-
sound surgery are increasing in availability and may be pref-
erable in many situations.52 The decision to proceed with one 
treatment approach over the other should be made through 
in- depth discussion between the patient and physician, with 
the risks and limitations of each method being clearly outlined. 
Additional randomized, controlled research into fertility and 
pregnancy following UFE would be of great benefit.

Table 2.  Gross pregnancy rate post- UFE

Study
Pabón et al, 

2008
Mara et al 

(2008)
Holub et al 

(2008)
Kim et al 

(2005)
McLucas 

et al, 2001 Totals Percentage
# of females becoming 
pregnant

10 13 20 5 14 62 38.3%

# of total included 
subjects

39 26 39 6 52 162

UFE, uterine fibroid embolization.
Inclusion criteria: study included an age exclusion above 45 years (some included studies excluded at age 40 and above), subjects indicated a 
desire to either maintain fertility or become pregnant (most commonly through a questionnaire). There was no exclusion based on follow- up 
period or other factors affecting fertility.

RefeRenceS

 1. Ravina JH, Ciraru- Vigneron N, Bouret 
JM, Herbreteau D, Houdart E, Aymard A, 
et al. Arterial embolisation to treat uterine 
myomata. The Lancet 1995; 346: 671–2. doi: 
https:// doi. org/ 10. 1016/ S0140- 6736( 95) 
92282-2

 2. Pelage JP, Le Dref O, Mateo J, Soyer P, Jacob 
D, Kardache M, et al. Life- Threatening 
primary postpartum hemorrhage: 
treatment with emergency selective arterial 
embolization. Radiology 1998; 208: 359–62. 
doi: https:// doi. org/ 10. 1148/ radiology. 208. 2. 
9680559

 3. Pelage J- P, Soyer P, Repiquet D, Herbreteau 
D, Le Dref O, Houdart E, et al. Secondary 
postpartum hemorrhage: treatment with 
selective arterial embolization. Radiology 
1999; 212: 385–9. doi: https:// doi. org/ 10. 
1148/ radiology. 212. 2. r99jl05385

http://birpublications.org/bjr
https://doi.org/10.1016/S0140-6736(95)92282-2
https://doi.org/10.1016/S0140-6736(95)92282-2
https://doi.org/10.1148/radiology.208.2.9680559
https://doi.org/10.1148/radiology.208.2.9680559
https://doi.org/10.1148/radiology.212.2.r99jl05385
https://doi.org/10.1148/radiology.212.2.r99jl05385


5 of 6 birpublications.org/bjr Br J Radiol;93:20190551

BJRPregnancy after uterine fibroid embolization

 4. Pelage J- P, Le Dref O, Soyer P, Kardache M, 
Dahan H, Abitbol M, et al. Fibroid- related 
menorrhagia: treatment with superselective 
embolization of the uterine arteries and 
midterm follow- up. Radiology 2000; 215: 
428–31. doi: https:// doi. org/ 10. 1148/ 
radiology. 215. 2. r00ma11428

 5. Walker WJ, Pelage JP. Uterine artery 
embolisation for symptomatic fibroids: 
clinical results in 400 women with imaging 
follow up. BJOG: An Internal Journal of Obs 
Gyn 2002; 109: 1262–72. doi: https:// doi. org/ 
10. 1046/ j. 1471- 0528. 2002. 01449.x

 6. McLucas B, Adler L, Perrella R. Uterine 
fibroid embolization: nonsurgical treatment 
for symptomatic fibroids11No competing 
interests declared. J Am Coll Surg 2001; 192: 
95–105.

 7. Spies JB, Ascher SA, Roth AR, Kim J, 
Levy EB, Gomez- Jorge J. Uterine artery 
embolization for leiomyomata. Obstet 
Gynecol 2001; 98: 29–34.

 8. Goodwin SC, McLucas B, Lee M, Chen G, 
Perrella R, Vedantham S, et al. Uterine artery 
embolization for the treatment of uterine 
leiomyomata midterm results. Journal of 
Vascular and Interventional Radiology 1999; 
10: 1159–65. doi: https:// doi. org/ 10. 1016/ 
S1051- 0443( 99) 70213-7

 9. Worthington- Kirsch RL, Popky GL, Hutchins 
FL. Uterine arterial embolization for the 
management of leiomyomas: quality- of- life 
assessment and clinical response. Radiology 
1998; 208: 625–9. doi: https:// doi. org/ 10. 
1148/ radiology. 208. 3. 9722838

 10. Hutchins FL, Worthington- Kirsch R. 
Embolotherapy for myoma- induced 
menorrhagia. Obstet Gynecol Clin North Am 
2000; 27: 397–405. doi: https:// doi. org/ 10. 
1016/ S0889- 8545( 00) 80030-3

 11. Spies JB, Allison S, Flick P, McCullough 
M, Sterbis K, Cramp M, et al. Polyvinyl 
alcohol particles and Tris- acryl gelatin 
microspheres for uterine artery embolization 
for leiomyomas: results of a randomized 
comparative study. Journal of Vascular and 
Interventional Radiology 2004; 15: 793–800. 
doi: https:// doi. org/ 10. 1097/ 01. RVI. 
0000136982. 42548. 5D

 12. Spies JB, Allison S, Flick P, Cramp M, Bruno 
J, Jha RC, et al. Spherical polyvinyl alcohol 
versus tris- acryl gelatin microspheres for 
uterine artery embolization for leiomyomas: 
results of a limited randomized comparative 
study. Journal of Vascular and Interventional 
Radiology 2005; 16: 1431–7. doi: https:// doi. 
org/ 10. 1097/ 01. RVI. 0000179793. 69590. 1A

 13. Goodwin SC, Spies JB, Worthington- Kirsch 
R, Peterson E, Pron G, Li S, et al. Uterine 
artery embolization for treatment of 
leiomyomata: long- term outcomes from the 

fibroid registry. Obstet Gynecol 2008; 111: 
22–33.

 14. Glass Lewis M, Ekúndayò O. Cost and 
distribution of hysterectomy and uterine 
artery embolization in the United States: 
Regional/Rural/Urban disparities. Medical 
Sciences 2017; 5: 10. cited 2019 May 18. doi: 
https:// doi. org/ 10. 3390/ medsci5020010

 15. Pron G, Bennett J, Common A, Wall J, Asch 
M, Sniderman K. The Ontario uterine fibroid 
embolization trial. Part 2. uterine fibroid 
reduction and symptom relief after uterine 
artery embolization for fibroids. Fertil Steril 
2003; 79: 120–7. doi: https:// doi. org/ 10. 1016/ 
S0015- 0282( 02) 04538-7

 16. Worthington- Kirsch R, Spies JB, Myers ER, 
Mulgund J, Mauro M, Pron G, et al. The 
fibroid Registry for outcomes data (fibroid) 
for uterine embolization. Obstetrics & 
Gynecology 2005; 106: 52–9. doi: https:// doi. 
org/ 10. 1097/ 01. AOG. 0000165828. 68787. a9

 17. Spies JB, Myers ER, Worthington- Kirsch R, 
Mulgund J, Goodwin S, Mauro M, et al. The 
fibroid registry: symptom and quality- of- life 
status 1 year after therapy. Obstet Gynecol 
2005; 106: 1309–18.

 18. Spies J. Current evidence on uterine 
embolization for fibroids. Semin Intervent 
Radiol 2013; 30: 340–6. doi: https:// doi. org/ 
10. 1055/ s- 0033- 1359727

 19. Mara M, Fucikova Z, Maskova J, Kuzel D, 
Haakova L. Uterine fibroid embolization 
versus myomectomy in women wishing to 
preserve fertility: preliminary results of a 
randomized controlled trial. Eur J Obstet 
Gynecol Reprod Biol 2006; 126: 226–33. doi: 
https:// doi. org/ 10. 1016/ j. ejogrb. 2005. 10. 008

 20. Pinto I, Chimeno P, Romo A, Paúl L, Haya J, 
de la Cal MA, et al. Uterine fibroids: uterine 
artery embolization versus abdominal 
hysterectomy for Treatment—A prospective, 
randomized, and controlled clinical trial. 
Radiology 2003; 226: 425–31. doi: https:// doi. 
org/ 10. 1148/ radiol. 2262011716

 21. Hehenkamp WJK, Volkers NA, 
Donderwinkel PFJ, de Blok S, Birnie 
E, Ankum WM, et al. Uterine artery 
embolization versus hysterectomy in the 
treatment of symptomatic uterine fibroids 
(EMMY trial): peri- and postprocedural 
results from a randomized controlled trial. 
Am J Obstet Gynecol 2005; 193: 1618–29. doi: 
https:// doi. org/ 10. 1016/ j. ajog. 2005. 05. 017

 22. Broder MS, Goodwin S, Chen G, Tang 
LJ, Costantino MM, Nguyen MH, et al. 
Comparison of long- term outcomes 
of myomectomy and uterine artery 
embolization. Obstet Gynecol 2002; 100(5 Pt 
1): 864–8.

 23. Razavi MK, Hwang G, Jahed A, Modanloo 
S, Chen B. Abdominal myomectomy versus 

uterine fibroid embolization in the treatment 
of symptomatic uterine leiomyomas. 
American Journal of Roentgenology 2003; 
180: 1571–5. doi: https:// doi. org/ 10. 2214/ ajr. 
180. 6. 1801571

 24. Siskin GP, Shlansky- Goldberg RD, Goodwin 
SC, Sterling K, Lipman JC, Nosher JL, et al. 
A prospective multicenter comparative 
study between myomectomy and uterine 
artery embolization with polyvinyl 
alcohol microspheres: long- term clinical 
outcomes in patients with symptomatic 
uterine fibroids. Journal of Vascular and 
Interventional Radiology 2006; 17: 1287–95. 
doi: https:// doi. org/ 10. 1097/ 01. RVI. 
0000231953. 91787. AF

 25. Dutton S, Hirst A, McPherson K, Nicholson 
T, Maresh M. A UK multicentre retrospective 
cohort study comparing hysterectomy and 
uterine artery embolisation for the treatment 
of symptomatic uterine fibroids (hopeful 
study): main results on medium- term safety 
and efficacy. BJOG Int J Obstet Gynaecol 
2007; 114: 1340–51. doi: https:// doi. org/ 10. 
1111/ j. 1471- 0528. 2007. 01526.x

 26. Mutiso SK, Oindi FM, Hacking N, Obura 
T. Uterine necrosis after uterine artery 
embolization for symptomatic fibroids. Case 
Rep Obstet Gynecol 2018; 2018: 1–4. doi: 
https:// doi. org/ 10. 1155/ 2018/ 9621741

 27. Torre A, Paillusson B, Fain V, Labauge P, 
Pelage JP, Fauconnier A. Uterine artery 
embolization for severe symptomatic 
fibroids: effects on fertility and symptoms. 
Human Reproduction 2014; 29: 490–501. doi: 
https:// doi. org/ 10. 1093/ humrep/ det459

 28. Sirkeci F, Narang L, Naguib N, Belli A- M, 
Manyonda IT. Uterine artery embolization 
for severe symptomatic fibroids: effects on 
fertility and symptoms. Human Reproduction 
2014; 29: 1832–3. doi: https:// doi. org/ 10. 
1093/ humrep/ deu147

 29. Torre A, Paillusson B, Fain V, Labauge P, 
Pelage JP, Fauconnier A. Reply: uterine 
artery embolization for severe symptomatic 
fibroids: effects on fertility and symptoms. 
Human Reproduction 2014; 29: 1833–4. doi: 
https:// doi. org/ 10. 1093/ humrep/ deu148

 30. Mara M, Kubinova K. Embolization of 
uterine fibroids from the point of view of the 
gynecologist: pros and cons. Int J Womens 
Health 2014; 6: 623–9. doi: https:// doi. org/ 10. 
2147/ IJWH. S43591

 31. Seracchioli R, Rossi S, Govoni F, Rossi 
E, Venturoli S, Bulletti C, et al. Fertility 
and obstetric outcome after laparoscopic 
myomectomy of large myomata: a 
randomized comparison with abdominal 
myomectomy. Hum Reprod 2000; 15: 2663–8. 
doi: https:// doi. org/ 10. 1093/ humrep/ 15. 12. 
2663

http://birpublications.org/bjr
https://doi.org/10.1148/radiology.215.2.r00ma11428
https://doi.org/10.1148/radiology.215.2.r00ma11428
https://doi.org/10.1046/j.1471-0528.2002.01449.x
https://doi.org/10.1046/j.1471-0528.2002.01449.x
https://doi.org/10.1016/S1051-0443(99)70213-7
https://doi.org/10.1016/S1051-0443(99)70213-7
https://doi.org/10.1148/radiology.208.3.9722838
https://doi.org/10.1148/radiology.208.3.9722838
https://doi.org/10.1016/S0889-8545(00)80030-3
https://doi.org/10.1016/S0889-8545(00)80030-3
https://doi.org/10.1097/01.RVI.0000136982.42548.5D
https://doi.org/10.1097/01.RVI.0000136982.42548.5D
https://doi.org/10.1097/01.RVI.0000179793.69590.1A
https://doi.org/10.1097/01.RVI.0000179793.69590.1A
https://doi.org/10.3390/medsci5020010
https://doi.org/10.1016/S0015-0282(02)04538-7
https://doi.org/10.1016/S0015-0282(02)04538-7
https://doi.org/10.1097/01.AOG.0000165828.68787.a9
https://doi.org/10.1097/01.AOG.0000165828.68787.a9
https://doi.org/10.1055/s-0033-1359727
https://doi.org/10.1055/s-0033-1359727
https://doi.org/10.1016/j.ejogrb.2005.10.008
https://doi.org/10.1148/radiol.2262011716
https://doi.org/10.1148/radiol.2262011716
https://doi.org/10.1016/j.ajog.2005.05.017
https://doi.org/10.2214/ajr.180.6.1801571
https://doi.org/10.2214/ajr.180.6.1801571
https://doi.org/10.1097/01.RVI.0000231953.91787.AF
https://doi.org/10.1097/01.RVI.0000231953.91787.AF
https://doi.org/10.1111/j.1471-0528.2007.01526.x
https://doi.org/10.1111/j.1471-0528.2007.01526.x
https://doi.org/10.1155/2018/9621741
https://doi.org/10.1093/humrep/det459
https://doi.org/10.1093/humrep/deu147
https://doi.org/10.1093/humrep/deu147
https://doi.org/10.1093/humrep/deu148
https://doi.org/10.2147/IJWH.S43591
https://doi.org/10.2147/IJWH.S43591
https://doi.org/10.1093/humrep/15.12.2663
https://doi.org/10.1093/humrep/15.12.2663


6 of 6 birpublications.org/bjr Br J Radiol;93:20190551

BJR  Ludwig et al

 32. Walker WJ, McDowell SJ. Pregnancy after 
uterine artery embolization for leiomyomata: 
a series of 56 completed pregnancies. Am 
J Obstet Gynecol 2006; 195: 1266–71. doi: 
https:// doi. org/ 10. 1016/ j. ajog. 2006. 04. 011

 33. Pron G, Mocarski E, Bennett J, Vilos G, 
Common A, Vanderburgh L. Pregnancy 
after uterine artery embolization for 
leiomyomata:: the Ontario multicenter trial. 
Obstet Gynecol 2005; 105: 67.

 34. Ravina JH, Vigneron NC, Aymard A, Le Dref 
O, Merland JJ. Pregnancy after embolization 
of uterine myoma: report of 12 cases. Fertil 
Steril 2000; 73: 1241–3. doi: https:// doi. org/ 
10. 1016/ S0015- 0282( 00) 00497-0

 35. McLucas B, Goodwin S, Adler L, Rappaport 
A, Reed R, Perrella R. Pregnancy following 
uterine fibroid embolization. International 
Journal of Gynecology & Obstetrics 2001; 
74: 1–7. doi: https:// doi. org/ 10. 1016/ S0020- 
7292( 01) 00405-2

 36. Carpenter TT, Walker WJ. Pregnancy 
following uterine artery embolisation 
for symptomatic fibroids: a series of 
26 completed pregnancies. BJOG:An 
international journal of O&G 2005; 112: 
321–5. doi: https:// doi. org/ 10. 1111/ j. 1471- 
0528. 2004. 00414.x

 37. Kim MD, Kim NK, Kim HJ, Lee MH. 
Pregnancy following uterine artery 
embolization with polyvinyl alcohol 
particles for patients with uterine fibroid or 
adenomyosis. Cardiovasc Intervent Radiol 
2005; 28: 611–5. doi: https:// doi. org/ 10. 1007/ 
s00270- 004- 8236-3

 38. Walker WJ, Bratby MJ, imaging Mresonance. 
Magnetic resonance imaging (MRI) analysis 
of fibroid location in women achieving 
pregnancy after uterine artery embolization. 
Cardiovasc Intervent Radiol 2007; 30: 876–81. 
doi: https:// doi. org/ 10. 1007/ s00270- 007- 
9118-2

 39. Goldberg J, Pereira L, Berghella V, Diamond 
J, Daraı ̈ E, Seinera P, et al. Pregnancy 

outcomes after treatment for fibromyomata: 
uterine artery embolization versus 
laparoscopic myomectomy. Am J Obstet 
Gynecol 2004; 191: 18–21. doi: https:// doi. 
org/ 10. 1016/ j. ajog. 2004. 01. 046

 40. Pinto Pabón I, Magret JP, Unzurrunzaga 
EA, García IM, Catalán IB, Cano Vieco ML. 
Pregnancy after uterine fibroid embolization: 
follow- up of 100 patients embolized using 
tris- acryl gelatin microspheres. Fertil Steril 
2008; 90: 2356–60. doi: https:// doi. org/ 10. 
1016/ j. fertnstert. 2007. 10. 074

 41. Mara M, Maskova J, Fucikova Z, Kuzel D, 
Belsan T, Sosna O. Midterm clinical and 
first reproductive results of a randomized 
controlled trial comparing uterine fibroid 
embolization and myomectomy. Cardiovasc 
Intervent Radiol 2008; 31: 73–85. doi: https:// 
doi. org/ 10. 1007/ s00270- 007- 9195-2

 42. Holub Z, Mara M, Kuzel D, Jabor A, 
Maskova J, Eim J. Pregnancy outcomes 
after uterine artery occlusion: prospective 
multicentric study. Fertil Steril 2008; 90: 
1886–91. doi: https:// doi. org/ 10. 1016/ j. 
fertnstert. 2007. 08. 033

 43. Homer H, Saridogan E. Uterine artery 
embolization for fibroids is associated with 
an increased risk of miscarriage. Fertil Steril 
2010; 94: 324–30. doi: https:// doi. org/ 10. 
1016/ j. fertnstert. 2009. 02. 069

 44. Hirst A, Dutton S, Wu O, Briggs A, Edwards 
C, Waldenmaier L, et al. A multi- centre 
retrospective cohort study comparing the 
efficacy, safety and cost- effectiveness of 
hysterectomy and uterine artery embolisation 
for the treatment of symptomatic uterine 
fibroids. The hopeful study. Health Technol 
Assess 2008; 12: 1–248iii.. doi: https:// doi. 
org/ 10. 3310/ hta12050

 45. Nikolic B, Spies JB, Lundsten MJ, Abbara S. 
Patient radiation dose associated with uterine 
artery embolization. Radiology 2000; 214: 
121–5. doi: https:// doi. org/ 10. 1148/ radiology. 
214. 1. r00ja24121

 46. Nikolic B, Spies JB, Campbell L, Walsh 
SM, Abbara S, Lundsten MJ. Uterine artery 
embolization: reduced radiation with 
refined technique. Journal of Vascular and 
Interventional Radiology 2001; 12: 39–44. 
doi: https:// doi. org/ 10. 1016/ S1051- 0443( 07) 
61400-6

 47. Razavi MK, Wolanske KA, Hwang GL, 
Sze DY, Kee ST, Dake MD. Angiographic 
classification of ovarian Artery–to–Uterine 
artery anastomoses: initial observations in 
uterine fibroid embolization. Radiology 2002; 
224: 707–12. doi: https:// doi. org/ 10. 1148/ 
radiol. 2243011513

 48. Payne JF, Robboy SJ, Haney AF. 
Embolic microspheres within ovarian 
arterial vasculature after uterine artery 
embolization. Obstet Gynecol 2002; 100(5, 
Part 1): 883–6.

 49. Ryu RK, Chrisman HB, Omary RA, 
Miljkovic S, Nemcek AA, Saker MB, et al. 
The vascular impact of uterine artery 
embolization: prospective sonographic 
assessment of ovarian arterial circulation. 
Journal of Vascular and Interventional 
Radiology 2001; 12: 1071–4. doi: https:// doi. 
org/ 10. 1016/ S1051- 0443( 07) 61594-2

 50. Kaump GR, Spies JB. The impact of uterine 
artery embolization on ovarian function. 
Journal of Vascular and Interventional 
Radiology 2013; 24: 459–67. doi: https:// doi. 
org/ 10. 1016/ j. jvir. 2012. 12. 002

 51. Marx M, Wack JP, Baker EL, Stevens SK, 
Barakos JA. Ovarian protection by occlusion 
of Uteroovarian collateral vessels before 
uterine fibroid embolization. Journal of 
Vascular and Interventional Radiology 2003; 
14: 1329–32. doi: https:// doi. org/ 10. 1097/ 01. 
RVI. 0000092905. 31640.F

 52. Jolesz FA. Mri- Guided focused ultrasound 
surgery. Annu Rev Med 2009; 60: 417–30. 
doi: https:// doi. org/ 10. 1146/ annurev. med. 60. 
041707. 170303

http://birpublications.org/bjr
https://doi.org/10.1016/j.ajog.2006.04.011
https://doi.org/10.1016/S0015-0282(00)00497-0
https://doi.org/10.1016/S0015-0282(00)00497-0
https://doi.org/10.1016/S0020-7292(01)00405-2
https://doi.org/10.1016/S0020-7292(01)00405-2
https://doi.org/10.1111/j.1471-0528.2004.00414.x
https://doi.org/10.1111/j.1471-0528.2004.00414.x
https://doi.org/10.1007/s00270-004-8236-3
https://doi.org/10.1007/s00270-004-8236-3
https://doi.org/10.1007/s00270-007-9118-2
https://doi.org/10.1007/s00270-007-9118-2
https://doi.org/10.1016/j.ajog.2004.01.046
https://doi.org/10.1016/j.ajog.2004.01.046
https://doi.org/10.1016/j.fertnstert.2007.10.074
https://doi.org/10.1016/j.fertnstert.2007.10.074
https://doi.org/10.1007/s00270-007-9195-2
https://doi.org/10.1007/s00270-007-9195-2
https://doi.org/10.1016/j.fertnstert.2007.08.033
https://doi.org/10.1016/j.fertnstert.2007.08.033
https://doi.org/10.1016/j.fertnstert.2009.02.069
https://doi.org/10.1016/j.fertnstert.2009.02.069
https://doi.org/10.3310/hta12050
https://doi.org/10.3310/hta12050
https://doi.org/10.1148/radiology.214.1.r00ja24121
https://doi.org/10.1148/radiology.214.1.r00ja24121
https://doi.org/10.1016/S1051-0443(07)61400-6
https://doi.org/10.1016/S1051-0443(07)61400-6
https://doi.org/10.1148/radiol.2243011513
https://doi.org/10.1148/radiol.2243011513
https://doi.org/10.1016/S1051-0443(07)61594-2
https://doi.org/10.1016/S1051-0443(07)61594-2
https://doi.org/10.1016/j.jvir.2012.12.002
https://doi.org/10.1016/j.jvir.2012.12.002
https://doi.org/10.1097/01.RVI.0000092905.31640.F
https://doi.org/10.1097/01.RVI.0000092905.31640.F
https://doi.org/10.1146/annurev.med.60.041707.170303
https://doi.org/10.1146/annurev.med.60.041707.170303

