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Background. Uterine fibroids are the most common of the benign gynaecological tumours, the definitive traditional treatment for which 
is either myomectomy or hysterectomy. Uterine artery embolisation (UAE) offers an alternative non-invasive option for treatment. There 
remain concerns as to the effects of UAE on ovarian reserve in women desirous of preserving ovarian function.
Objectives. To determine the effect of UAE on ovarian reserve, as assessed by anti-Mullerian hormone (AMH) measured before and after 
embolisation, and to assess the trend in serum AMH in the medium term, up to 12 months post UAE. 
Methods. A cohort study between October 2012 and May 2015 recruited 40 women with symptomatic uterine fibroids. Serum AMH was 
measured prior to embolisation and post embolisation, at 2 weeks, 6 months and 12 months. Using descriptive statistics and bivariate 
analysis, pre-embolisation and post-embolisation AMH concentrations were compared. P<0.05 was considered statistically significant.
Results. The median participant age was 38.5 years (range 31 - 45). Of the women recruited, 47.5% (19) were nulliparous, and 72.5% 
(29 women) of the total desired a pregnancy in the future. The median (standard deviation) AMH immediately prior to embolisation was 
1.3 ng/mL (1.53), and post embolisation at 2 weeks, 0.9 ng/mL (1.98); at 6 months, 2.2 ng/mL (2.63); and 12 months, 3.5 ng/mL (1.54) (p= 0.96).
Conclusion. In the short to medium term, UAE for treatment of symptomatic fibroids was not found to be detrimental to ovarian reserve. 
There is a need for longer-term studies evaluating its effects on fecundity, considering that most women in the present study had a strong 
desire to maintain their fertility. 
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Uterine fibroids are the most common benign tumours of 
the female genital tract. Their true prevalence is probably 
underestimated, as the incidence at histology is more than double 
the clinical incidence.[1] Longitudinal studies have estimated that 
the lifetime risk of fibroids in a woman over the age of 45 years 
is  >60%, with the incidence higher in black women than in white. 
The fibroids may be asymptomatic, or may cause symptoms such as 
abnormal uterine bleeding, urinary incontinence, a feeling of pelvic 
pressure or pain. They may also be associated with reproductive 
problems such as infertility and miscarriage.[1]

Treatment for symptomatic fibroids includes medical and surgical 
options such as hysterectomy and myomectomy. More recently, 
uterine artery embolisation (UAE) has been incorporated as one 
of the management options for symptomatic uterine fibroids.[2] 
However, concerns remain as to the effects of embolisation on 
ovarian reserve, and hence fertility.[3] Studies have been conducted 
to indirectly assess the ovarian reserve. A 2004 prospective study 
assessing 20 reproductive-age women following UAE found no 
significant changes from baseline in the mean day-3 follicle-
stimulating hormone (FSH) and oestradiol levels, ovarian volume 
measurements, and antral follicle numbers measured at 3, 6 and 12 
months after UAE.[4] 

Assessing ovarian reserve with FSH is problematic, and anti-
Mullerian hormone (AMH) has proved to be more reliable.[5] 
Hehenkamp et al.[6] reported that incorporating AMH in protocols 

assessing ovarian reserve showed compromise to ovarian function 
following UAE. Their study, however, included older women 
without reproductive ambition. 

Our study aimed to establish the effect of UAE on AMH 
measured immediately before, and 2 weeks after, embolisation. 
A secondary outcome was to determine the trend in AMH 
concentration at 6 and 12 months following embolisation. 

Methods
We undertook a cohort study in women with symptomatic fibroids 
who opted for conservative fibroid treatment with UAE between 
October 2012 and May 2015, at Aga Khan University Hospital, 
Nairobi. The study was approved by the hospital research ethics 
committee (ref. no. ll20l4EA). 

Selection of cases
Women attending the gynaecology outpatient clinic at Aga Khan 
University Hospital, Nairobi, and having a diagnosis of symptomatic 
uterine fibroids, were given written information about UAE. Those 
opting for UAE were invited to participate in the study on the day of 
admission for the procedure. Further written information about the 
study was provided, and those aged <45 years who desired a future 
pregnancy, regardless of their reproductive history, were recruited, 
following written informed consent. Women were excluded if they 
had a history of ovarian cystectomy, ovarian endometrioma or tubal 
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sterilisation, or had no desire for future fertility, or were not willing 
to return for follow-up blood tests. 

Study protocol
The protocol and procedures for UAE at the Aga Khan University 
Hospital are reported elsewhere.[7] Blood was collected in plain 
vacutainers, and delivered to the biochemistry laboratory within 
60 minutes. This was centrifuged, and sera frozen at –20°C until 
analysis using the Beckman Coulter Gen. II assay (Beckman Coulter 
Inc., USA). Samples were collected immediately prior to UAE, and at 
2 weeks, 6 months and 12 months following UAE. 

Outcome measures
The primary outcome was change in the median concentration 
of serum AMH from baseline to 2 weeks following UAE. The 
secondary outcome was the trend in AMH concentration up to 12 
months following UAE.

Sample size calculation and statistical analysis
A power calculation determined that a sample size of 65 women 
was needed to demonstrate a 10% difference in the before-and-
after AMH concentration, with 80% power and a 5% significance 
threshold. Using univariate and bivariate analysis, data were 
analysed and presented as proportions, median and standard 
deviation. Student’s t-test was used to compare differences, p<0.05 
was considered significant. All statistical analysis was performed 
using the statistical software SPSS version 24.0 (IBM., USA).

Results
Forty women with symptomatic uterine fibroids undergoing UAE 
were recruited to participate in the study. Their median age at 
recruitment was 38.5 years (range 31 - 45 ) (Table 1).

Immediately prior to UAE, the baseline median (standard 
deviation (SD) serum AMH was 1.3 ng/mL (1.53). The serum AMH 
showed progressive decline with woman’s increasing age at baseline 
(Pearson’s correlation coefficient r2=–0.417). Measured 2 weeks after 
the UAE, the correlation coefficient between AMH and age was 
r2=–0.52, which was not significantly different to that prior to UAE 
(p=0.622) (Fig. 1). When the median concentration of serum AMH 
prior to UAE was compared with the concentration immediately 
after embolisation, there was no statistically significant difference 
(p=0.99), with the trend showing an initial slight dip, followed 
by a recovery at 6 months, and no return to the former levels at 
12 months (Fig. 2). 

Discussion 
Assessment of ovarian reserve in reproductive-age women is 
usually performed using various static and dynamic biomarkers, 

with various degrees of diagnostic accuracy. Serum FSH, oestradiol 
and inhibin B are less specific, cycle-dependent and are not able 
to reliably differentiate women with poor ovarian reserve from 
those with normal ovarian reserve.[8] Transvaginal ultrasound 
scanning for estimating ovarian antral follicle count is reliable, 
cycle-independent and performs well in the differentiation of low-
ovarian-reserve from normal-ovarian-reserve women. Ultrasound 
scanning, however, is dependent on probe resolution, and requires 
trained operators and easy access to the ovary through the 
transvaginal approach.[9] In women with large or multiple uterine 
fibroids, assessment of antral follicle count may be suboptimal. 
AMH is a serum biomarker for ovarian reserve testing that is 
reliable, cycle-independent and stable in various laboratory 
conditions.[5] Our study assessed AMH values before and after 
UAE, showing that serum AMH levels consistently decreased 
immediately following UAE procedures, as early as 2 weeks later. 
Interestingly, AMH values had recovered on further follow-up at 6 
months, and had not returned to the former levels 12 months later, 
showing that the initial depression is only temporary.

Traditionally, uterine fibroids are managed surgically, either 
by hysterectomy or, for women concerned about future fertility, 
by myomectomy. Hysterectomy is a major operation that carries 
significant risks and a variable period of convalescence.[10] In 

Table 1. Participant characteristics (N=40)
Characteristic Value
Age, mean (range) 38.5 (31 - 45)
Parity, n (%)

0 19 (47.5)
≥1 21 (52.5)

Fertility desired, n (%)
Yes 29 (72.5)
No 11 (27.5)
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Fig. 1. AMH changes with age before and 2 weeks after UAE. 
Pearson’s correlation coefficient before (r2=–0.41) and 2 weeks after 
(r2=–0.52) UAE; p=0.62. (AMH = anti-Mullerian hormone; UAE = 
uterine artery embolisation.)
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Fig 2. Trend in median AMH concentration before and after UAE, at 
2 weeks, 6 months and 12 months (p=0.94). (AMH = anti-Mullerian 
hormone; UAE = uterine artery embolisation.)
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the last two decades, UAE became available for women with 
symptomatic fibroids who wish to avoid hysterectomy, with several 
case reports confirming its effectiveness.[2,6,11,12] Whereas the results 
of the procedure were clinically satisfactory compared with those of 
hysterectomy, it became apparent that for women aged >45 years, 
compromised ovarian reserve was observed in both the UAE and 
hysterectomy groups. This observation raised questions about the 
safety of UAE in terms of ovarian function.[6] 

The effect of UAE on ovarian reserve in younger women has been 
inconsistent across studies, and therefore remains uncertain, prompting 
the recommendation that for women desiring future pregnancy, caution 
should be observed when considering UAE.[13-16] Our findings are 
comparable with those reported in studies of younger women who 
had UAE and ovarian reserve assessed more accurately with serum 
AMH before and after the procedure. Of note is an initial dip in 
AMH concentration in the period immediately after the procedure, 
followed by recovery before a steady natural decline.[6,15] The 
mechanism by which UAE affects ovarian reserve is not completely 
understood, and explanations remain speculative. It is hypothesised 
that non-target embolisation causes hypoxia to the ovarian cortex, 
resulting in loss of AMH-secreting small antral and pre-antral 
follicles that are sensitive to reduced tissue oxygen tension.[17] This 
is likely the case in women with utero-ovarian anastomosis, since 
embolic material has been recovered from ovarian biopsy following 
UAE.[18] However, this may be transient, as recovery of antral follicles 
from the primordial follicle pool happens with time.[6,18] The reports 
of permanent ovarian failure in older women would suggest already 
severely compromised ovarian reserve, from which the transient loss 
is too great to make a full recovery. 

No studies have explicitly determined the critical ovarian reserve 
that predicts complete ovarian failure following UAE; however, 
studies that evaluate ovarian failure following gonadotoxic treatment 
show that the risk of ovarian failure is dependent on ovarian reserve 
and age.[19] Clearly, UAE off-target damage to the ovary is unlikely 
to be similar in magnitude to damage caused by chemotherapy or 
radiation therapy. The Wallace-Kelsey model[20] elegantly demons
trates that in 95% of women, by the age of 30, only 12% of the 
maximum pre-birth non-growing follicle population is present, 
decreasing further to 3% by the age of 40. It is therefore likely that 
by the age of 45, when clear evidence of damage from embolisation 
or hysterectomy is seen, the non-growing follicle pool is even lower, 
as shown in studies reporting permanent ovarian failure.[6,14] It is well 
known that reproductive competence decreases with maternal age, 
mainly owing to reduced ovarian reserve.[21] Accurate evaluation 
of ovarian reserve using serum AMH level shows that values vary 
greatly across a population of women of the same age; therefore, 
women may experience premature ovarian insufficiency while still 
having regular periods and normal gonadotropins.[22-24]

In our study, the median (SD) female age was 38.5 (6.5) 
years, with a median serum AMH of 1.3 (1.53) ng/mL before 
embolisation, and future fertility aspirations in up to 72.5% of 
the participants. It is not surprising that nearly three-quarters 
of the women still had fertility aspirations, as is comparable with 
other studies that report that many of those considering options 
for fibroid management usually opt for fertility preservation or 
conservative procedures.[25] The effect of fibroids on infertility is, 
however, less clear, and may be indistinguishable from age-related 
effects on fecundity, considering that the incidence of fibroids 
increases with age, with studies reporting varying findings.[26,27] 

Generally, the chance of natural conception is inversely proportional 
to female age, with a proportionate increase in the risk of 
miscarriage.[28,29] Women being investigated for subfertility and found 
to have fibroids must consider this very carefully, particularly when 
choosing which treatment to pursue. Whereas the cohort of women 
in our study only indicated a desire for future pregnancy, information 
on those who had had previous fertility investigations was not sought. 
Reassuringly, the mean AMH levels prior to embolisation were within 
the expected normal range for age. It would therefore be expected 
that women aged <40 years would have an 80% chance of conceiving 
a pregnancy after trying for 12 months with no other cause for delay 
identified.[30] UAE did not result in decreased concentration of AMH 
in the short term, but we were unable to determine reproductive 
outcome owing to a lack of follow-up information. Considering 
that ovarian failure following UAE is reported more commonly 
in women aged ≥45 years, and in younger women whose AMH 
concentration falls below the fifth percentile, consideration should 
be given to options for fibroid treatment other than embolisation, as 
these women have the highest risk of ovarian failure.[23] In addition, 
concerns have also been raised about increased risks of pregnancy 
complications in women who have had UAE.[2]

Our study benefitted from measuring serum AMH before and 
after UAE at fixed time points. AMH is a robust biomarker and also 
independent of the ovarian cycle, with high predictability of both 
ovarian reserve and reproductive ageing.[5] The inclusion of women 
up to the age of 45 years in this trial allows for generalisability 
of the findings, as changing sociodemographic characteristics of 
reproductive-age women embarking on their first pregnancy in their 
late 30s or early 40s become a reality.[31] 

Our study was limited by recruiting fewer women than 
initially anticipated. This renders the results subject to cautious 
interpretation; however, the general trend observed in AMH values 
conforms with that found in other trials, and is likely to represent a 
true biological phenomenon after embolisation.[15] In trials using 
other markers of ovarian function, a similar observation was 
reported.[14] Whereas a single-point AMH measurement of ovarian 
reserve is predictive of reproductive function, it is essential to design 
trials with longer-term follow-up to establish whether the trajectory 
in AMH decline is maintained at the same rate, or whether it 
accelerates beyond the first year. This will be especially informative 
for younger women with significant fibroid symptoms and normal 
ovarian reserve, who wish to avoid an operative procedure such as 
myomectomy. It is likely that younger women whose AMH values 
fall below the fifth percentile will have the highest risk of ovarian 
failure following UAE; however, a study to test this hypothesis would 
be ethically unsound, and conclusions can only be made from logical 
reasoning.

Conclusion
From this study, we can conclude that in women with symptomatic 
uterine fibroids and normal ovarian reserve estimated using AMH, 
UAE does not compromise ovarian function in the shorter to 
medium term. For women with fibroids seeking treatment who have 
future fertility aspirations, part of the investigations should include 
ovarian reserve testing, to ensure that they receive adequate and 
complete information to make an informed decision on the most 
appropriate management. It will be interesting to see whether the 
neutral effect of UAE on ovarian reserve is maintained in the longer 
term, and what its impact might be on female reproductive biology.
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