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[bookmark: _Hlk45096895]Abstract
Background: The effect of Uterine Fibroid Embolization on fertility and ovarian reserve
remains uncertain. We assessed the impact of a new resorbable, spherical particle (Gelbead) on concentration of Anti-Mullerian (AMH) hormone, fibroid volume and uterine artery patency 
Design: This prospective cohort study recruited consecutive patients from July 2017 to June
2018. Serum AMH, fibroid and uterine volume, UFS-QOL (uterine fibroid score -quality of
life) scores were measured prior to and at 1 month and/or 3 months post embolization 
Results: Twenty-four participants were enrolled (median age 44 years, uterine volume 484
cm3, initial dominant fibroid volume 167 cm3). One patient was lost to follow-up. AMH
(median +/- s.d.) immediately prior to embolization was 3.2 +/- 13.7 pmol/L. At 1-month postembolization, AMH was 4.1 +/- 8.6 pmol/L and at 3 months 4.4 +/- 8.6 pmol/L. We found no significant difference in AMH levels between baseline and at 1 month (p=0.58) or baseline and 3 months (p=0.17). The median dominant uterine fibroid volume decreased (167 cm3 to 64 cm3, p<0.001). At 3 months post-embolization, 17/23 patients had patent uterine arteries bilaterally (73.9%). 
Conclusion: UFE with Gel-bead did not significantly affect AMH at 3 months post embolization, whilst maintaining a high rate of uterine artery patency.
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Introduction
Uterine Fibroid Embolization (UFE) has become a popular treatment modality for the management of symptomatic uterine fibroids (Gupta et al., 2014). It is currently a complimentary form of treatment alongside surgical options such as hysterectomy and myomectomy (Chodankar & Allison, 2018). The non-invasive nature of UFE is potentially appealing to a young patient population and those who do not favour surgery (Athreya & Moss, 2010). However, the former patient population are also likely to have current or future fertility aspirations (Mailli et al., 2015) and therefore the fertility implications of UFE must be rigorously assessed. In addition, regarding the latter patient population, whilst they may not have concerns over the preservation of fertility, preserving their ovarian reserve could be considered crucial in order not to perturb the timing of natural menopause (Depmann et al., 2018)
The long-term implications of UFE are not well understood and there is speculation regarding the detrimental effect of UFE on fertility (Karlsen et al. 2018; Gupta et al. 2014; Chrisman et al. 2000). Theoretically, there are two main potential methods through which UFE could adversely impact on fertility. Firstly, there is the potential risk of non-target embolization (particles reaching the ovarian vessels) leading to ischaemia of the ovarian cortex, causing reduction in Anti Mullerian Hormone (AMH) secreting antral and pre-antral follicles (Broekmans et al., 2008; Hascalik et al., 2004). Whilst indirect measures of ovarian reserve such as FSH, oestradiol and ovarian volume do not show a significant effect post embolization(Broer et al., 2014), there have been conflicting data on the impact of UFE on ovarian reserve biomarkers such as AMH(McLucas et al., 2016). Secondly, there is a potential detrimental impact of UFE on fertility secondary to the occlusion of the uterine artery. Surgical occlusion of the uterine artery or endovascular embolization of the artery has been associated with a lower rate of live births (Goldberg et al., 2004; Holub, 2008; Holub et al., 2008). Therefore, if patency of the uterine artery can be maintained post-embolization, this bears a theoretical fertility benefit. However, no studies have directly examined if differential uterine artery patency rates post-embolization have resulted in a differential live birth rate.
The main alternative for a patient opting for fibroid treatment but with future fertility wishes is to undergo a partial myomectomy (Chodankar & Allison, 2018). However, patients electing for this uterine-sparing surgery have also been shown to have a reduced fertility rate compared with the normal population (Gupta et al., 2014; McLucas et al., 2016) and a recent Cochrane review concluded that ‘there is very low level evidence suggesting that myomectomy may be associated with better fertility outcomes than UAE, but more research is needed’ (Gupta et al., 2014). Conservative therapy is an alternative management strategy that should be discussed with patients. However, uterine fibroids in themselves are associated with a lower fertility rate (Donnez & Dolmans, 2016). In fact, infertility is in fact not an infrequent presentation of a patient with uterine fibroids (Carranza-Mamane et al., 2015).
AMH is strongly associated with a woman’s ovarian reserve (Fleming et al., 2013; Weenen et al., 2004) and is a key component of fertility assessment prior to controlled ovarian stimulation (Hehenkamp et al., 2007). AMH level rises after birth and peaks at approximately 20-25 years and then decreases with age when it becomes undetectable following menopause(La Marca et al., 2013). Additionally, AMH has good inter-cycle consistency, making it a useful test on ovarian reserve (Hehenkamp et al., 2006; Iliodromiti et al., 2014; La Marca et al., 2013; Tsepelidis et al., 2007). Embolic material reaching and affecting the ovaries could theoretically yield a decrease in the ovarian reserve and subsequent decrease in AMH.
Several small studies have examined the impact of fibroid embolization with other embolic agents on AMH levels.  Indeed, one study (Hehenkamp et al., 2006) found that AMH was negatively affected post embolization.  However, larger studies including both non-randomised (McLucas et al., 2018) and case-control (Tsikouras et al., 2017) study designs have demonstrated no significant difference in AMH post embolization at 6 and 12 months respectively. More recently a single centre study that assessed AMH pre and post embolization reported a non-statistically significant decrease in AMH 2 weeks post UFE. They also found no significant difference in AMH between baseline and at 12 months (Muteshi et al., 2018). This may reflect a trend towards modern embolization techniques advocating a more selective approach.
Traditionally, intentional microvascular obstruction in Fibroid Embolization is caused by variations of tiny particles manufactured from a permanent, plastic-based material which does not degrade and stays in the patient permanently (Gupta et al., 2014). Gel-bead (Teleflex, Minnesota, USA) is a new, calibrated spherical embolic agent licenced for embolization of hypervascular tumours resorbs fully after around 6 weeks when target ischaemia of the fibroid has been achieved. The effect on ovarian reserve for this particular agent has yet to be assessed, but the resorbable nature of the particle theoretically could confer a fertility benefit by minimising ischaemia to the ovaries. Furthermore, as a resorbable agent, Gel-bead has the potential added benefit of enabling a higher chance of uterine artery patency post-embolization. We aimed to assess the impact of Gel-bead on concentration of Anti-Mullerian (AMH) hormone, the uterine fibroid volume and uterine artery patency pre and post embolization.

Materials and Methods
This was a prospective longitudinal cohort study where women opting for Uterine Fibroid Embolization (UFE) as their treatment for symptomatic fibroids from 25th July 2017 and 26th June 2018 and met the inclusion and exclusion criteria were invited to participate. We have previously published some outcome findings using this patient cohort (Hacking et al., 2020).
 
The inclusion criteria were:
●    	Females aged over 18 years old
●    	Symptomatic fibroids requiring treatment
●    	Favourable factors for embolization
●    	Patients able to provide written, informed consent
●   Patients must be willing to comply to the study assessments and follow-up requirements
The exclusion criteria were:
 
●    	Known hypersensitivity to porcine products
●    	Vascular anatomy precluding embolization
●    	Presence of collateral vessels which would risk non-target embolization
Prior to Embolization
The recruited patients completed an initial Uterine Fibroid Symptoms Score and Quality of Life questionnaire (UFS-SS and UFS-QOL). The UFS-SS/UFS-QOL questionnaire is a validated commonly used assessment for symptom severity and quality of life. It includes a variety of domains covering symptom severity and health-related quality of life items (Spies et al., 2002). 

In addition,  baseline AMH was measured. The platform was DXI Beckman Coulter, the assay was UniCel Dxl 800 and was measured in pmol/L.  MRI was performed pre-embolization (Siemens 1.5T Aera or 3T Skyra) with axial and sagittal T2, fat-saturated T1 pre-contrast and post-contrast with a volume MR contrast angiogram acquisition sequences.

Embolization technique
 
One of three experienced interventional radiologists performed all the UFE procedures. Common procedural steps include the following stages. A right femoral arterial puncture was performed with ultrasound. A 4Fr sheath and 4 Fr catheter were advanced into the contralateral uterine artery. 100 mcg GTN was introduced to reduce arterial spasm. Injection of 700-1000 micron particles of Gel-bead to complete stasis within the second and third order vessels supplying the fibroid. A micro-catheter was required in 7 of 23 cases due to vessel spasm or tortuosity (0.027 inch Progreat Terumo Corp, Japan). In these cases, Gel-bead 500-700 micron size was used. Intra-arterial 1% Lidocaine at 1 mg/Kg was administered through the arterial catheter for analgesia. Two patients required supplementary antegrade ovarian artery embolization due to a large ovarian artery identified on pre procedural MRA. Both patients were counselled and consented for this additional procedure.
 
Follow-up protocol
 
All patients were discharged the following day. At 24 hours post-procedure, the patients completed the visual analogue scale (VAS) as a pain score marked out of ten. At 1-month and 3-month post-procedure, AMH was repeated. In addition, ultrasound assessed fibroid vascularity and fibroid and uterine volumes. At 3-months post-procedure, MRI/ MRA was performed (same protocol as baseline scan) to establish the patency of the uterine artery.
UFS-SS/UFS-QOL questionnaire was repeated at the follow up visit with the Interventional radiologist at 3 months post embolization.

Statistical Analysis
The required sample size was calculated to achieve a power of 80% for detecting an effect size of 0.8 with a two-sided level of significance of 5%. We calculated that a minimum of 16 paired assessments were required.
Pre-embolization and post-embolization data were assessed with a paired Wilcoxon Signed-rank test. A significance level of 0.05 was used. Box and whisker plots were used for graphical analysis of AMH and dominant fibroid volume with the median, 25th and 75th centile plotted. The whiskers extend to the most extreme data points that are not considered outliers. Outliers were defined as 75th centile + maximum whisker × (75th centile – 25th centile) or less than 25th centile – whisker length × (75th centile – 25th centile).
Pearson’s correlation was carried out to determine correlation of AMH with patient age as a test of principle.  All statistical tests were performed using Matlab.

Ethical and MHRA approval
 
This study was approved by the UK South Central Research Ethics Committee (Study reference: IRAS 222138) with national regulatory approval from the relevant device authority. Adherence to the medical principles of Helsinki was maintained.

Results
Twenty-four participants were enrolled (median age, 44 years (range 23-57)), median BMI of 24.8, median uterine volume 484 cm3, dominant fibroid volume 167 cm3)). One patient was lost to follow-up (became pregnant before the end of the study period). All patients (23/23) had multiple fibroids. The dominant fibroid mural position was most frequently intramural (7/23) or subserosal (7/23). Most frequently this was in an anterior location (8/23) (Table 1).
AMH
Baseline median AMH +/- s.d. was 3.2 +/- 13.7 pmol/L. At 1 month, the median AMH was 4.1 +/- 8.6 pmol/L and at 3 months 4.4 pmol/L +/- 8.6 (Table 2). There was no significant difference in AMH levels between baseline and at 1 month (p=0.58), baseline and 3 months (p=0.17) or between 1- and 3-months post UFE (p=0.73), see Figure 1A.
As expected, there was a negative correlation between age and AMH at baseline (R2=-0.39, p=0.065) and this was significant at 3 months (R2=-0.5, p=0.01) (Pearson’s correlation).
Uterine Volume and Dominant Fibroid Volume
The median dominant fibroid Volume reduced post-embolization from 167 cm3 to 64 cm3 at 3 months (p<0.001, Figure 1B) and the median uterine volume reduced from median 484 cm3 to 246 cm3 (p<0.001)). 
Uterine Artery Patency
Prior to embolization, all recruited patients had patent uterine arteries bilaterally. At 3 months post-embolization, 17 out of 23 patients had patent uterine arteries bilaterally (73.9%). Four out of 23 patients had unilateral uterine artery patency (17.4%) and two out of 23 patients had no uterine arteries patent  (8.7%) (see Figure 1C).
Percentage Fibroid Infarct
Complete infarction (100%) of the dominant fibroid was seen in 21 out of 23 patients. Two out of 23 patients had 90-99% infarction, with no patients having <90% infarction.

UFS-SS, UFS-QOL and pain score
Quality of life and pain score for this patient cohort has previously been reported (Hacking et al., 2020). In summary, the median pain score at 24h post-embolization was 7 +/- 2.1. The validated symptom questionnaire (UFS-SS) improved from median 56 +/- 21.9 at baseline to 19 +/- 13 at 3 months (p<0.001). The quality of life assessment (UFS-QOL) also improved from baseline median 40 +/- 23.1 to 88 +/- 18.1 at 3 months , p<0.001 (Table 2).

 Discussion
In this study, we assessed longitudinally the levels of AMH before and after UFE using a new embolic Gel-bead in a cohort of women undergoing UFE for treatment of their fibroids. We found that AMH concentration did not significantly alter between pre and post embolization at 1 and 3 months. 
Our results are consistent with previous studies in demonstrating stable AMH concentrations, although Muteshi et al,. found that AMH had an initial decrease at 2 weeks post procedure with subsequent rise at 6 months. In our study, we sampled AMH at 1 month post procedure and AMH was already above baseline (Muteshi et al., 2018) . 
We further demonstrated a high percentage of uterine artery patency post-embolization with Gel-bead . A recent study with another resorbable substance, Gelfoam (Pfizer, New York, USA) showed 100% uterine artery patency, but had fewer patient numbers and lower rates of complete dominant fibroid infarction (Yadavali et al., 2019). In addition, our study showed higher uterine artery patency rates compared with older non resorbable embolics such as polyvinyl alcohol where bilateral patency rates were seen in 64% of patients at 6 months post embolization (Das et al., 2013).
This implies that the use of Gel-bead gel bead for those undergoing UFE may be a good option to preserve short term ovarian reserve, although studies with longer term follow up time frame would be useful.
The proposed theory by which UFE can affect ovarian reserve is through non-target embolization and ischaemia to the ovarian cortex. This results in apoptosis of antral and pre-antral follicles that normally secrete AMH (Hascalik et al., 2004). Indeed, in cases where there has been proven utero-ovarian anastomosis, embolic particles have been identified within ovarian biopsy specimens (Payne et al., 2002). Hence, a resorbable agent could theoretically limit the negative impact of ischaemia on the ovaries.
The good level of uterine artery patency demonstrated at 3 months post UFE may have important fertility implications and possibly preserving the ovarian reserve sufficiently not to perturb the timing of the onset of natural menopause (Goldberg et al., 2004; Holub, 2008; Holub et al., 2008). Perhaps this resorbable agent, Gel-bead may impact fertility to a lesser extent than other particles; however larger comparative studies are required to further examine the pertinent outcomes of live birth rates and the longer term onset of menopause between different embolic particles.
The limitations of this study were its longitudinal design, although, such a design has advantages, there is an absence of a comparative arm, where a head to head comparison could be made with other embolic particles. Also, the patients included in this study were mostly older, arguably with already lowered ovarian reserve. Other clinical outcomes such as live birth rates or age of onset of menopause should be examined in future studies. In addition, exclusion of patients with vascular collaterals ensured that it was less likely that ovarian blood supply was compromised and therefore a lack of significant AMH level                                                               cannot be completely ascribed to the embolic agent used in this study and is likely to be multifactorial. Therefore, the conclusions drawn from this study must be interpreted with caution. Studies with a longer term follow up with the relevant clinical outcomes is now needed.

Conclusion
In this prospective longitudinal cohort study, the use of gel-bead based UFE on patients undergoing UFE did not significantly alter the pre and post 1 and 3 month AMH concentrations. The uterine arteries were unilaterally or bilaterally patent in the majority of patients at 3 months post procedure.  However, the conclusions drawn from this study must be interpreted with caution, and larger studies with a longer term follow up with relevant clinical outcomes are now needed.
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