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Abstract 

Aim: To assess the clinical effectiveness of ovarian transplantation in returning 

reproductive and hormonal function in females. 

Methods: Three research methods were applied; 1) evidence synthesis using a 

systematic review and individual patient data (IPD) meta-analysis, and a systematic 

review and thematic analysis of qualitative studies, 2) an observational case series 

and 3) a qualitative thematic analysis study.  

Results: The results of systematic review and IPD meta-analysis demonstrated that 

ovarian tissue cryopreservation (OTC) and transplantation could restore reproductive 

and hormonal functions in women. The results were significant in females preserving 

ovarian tissue under the age of 35 years. Through thematic syntheses of studies 

exploring the experiences of females who had undergone ovarian tissue 

cryopreservation and transplantation, the experiences were described as emotional, 

involving complex decision-making, helping them prepare for the long-term 

consequences of potentially losing their fertility and hormonal function, as well as the 

OTC procedure being informative. Themes generated as a result of the qualitative 

interview study showed that women are very keen to have OTC as additional option 

of fertility preservation. The procedure has its drawbacks in that it is expensive and 

requires two surgeries nevertheless participants felt it should be offered to young 

girls and women in whom OTC may be the only option of fertility preservation. 

Participants with previous cancer who had become menopausal after gonadotoxic 

cancer treatment, were grateful for the hormonal function from the ovarian 

transplants. Furthermore, fresh ovarian transplantation in women who underwent 

bilateral oophorectomy, showed an increase in oestrogen post-transplant. Fresh 
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ovarian transplants could therefore potentially be beneficial in a select group of 

women in whom HRT is not an option or they prefer not to take it, to help with 

symptoms of iatrogenic menopause.  

Conclusion: Although being developed for over two decades, ovarian tissue 

cryopreservation and transplantation is still deemed experimental in most parts of the 

world. Through this thesis it is demonstrated that many young girls and women can 

benefit from fertility and hormonal preservation using both fresh and frozen thawed 

ovarian tissue transplantation.  
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CHAPTER 1: THESIS INTRODUCTION 
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Ovarian reproductive and endocrine function 

The ovary is a multilayer organ that is constantly evolving and has two important 

roles; producing oocytes (reproductive function) and steroidogenesis, production of 

oestrogen and progesterone (hormonal function). The latter plays an important role 

in regulating the hypothalamic-pituitary-ovarian (HPO) axis in controlling the 

menstrual cycle, ovulation and ultimately fertilisation. A highly coordinated and 

complex set of processes must occur in order for the ovaries' steroidogenic and 

ovulatory roles to be realised, which is follicular development. 

Structure of the ovary 

Human ovaries are paired, oval structures that are about 3cm each, one on each 

side of the uterus situated intraperitoneal in the pelvic cavity. (1) Macroscopically, the 

ovary can be divided into an outer shell, the cortex and the inner medulla (Figure 1). 

(2) The cortex consists of ovarian follicles whereas the medulla largely provides 

blood and nerve supply. Follicles in the ovarian cortex can be regarded as the 

functional units of the ovary and consist of oocytes (microscopic). (2) The oocyte is 

enveloped by granulosa cells, that are responsible for the generation of sex 

hormones (oestrogen and progesterone) as well as a variety of growth factors that 

interact with the oocyte throughout development (Figure 2). (1-4) 
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Figure 1. Anatomical structure of the ovary. Adapted from Silvestris et al. 2020. (3)  

 

 

 

 

 

 

 

 

Figure 2. Histological structure of the developing follicle, also depicting signalling 
pathways and mediators of ovulation. Adapted from Williams and Erickson, 2000.(4) 
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Ovarian function during the life course of a female  

The primitive ovary begins to develop at approximately the 7th week in the 

developing embryo. The development involves migration of germ cells to the 

specified sex gland. In females, these are oogonial cells that are mitotically active. 

The oogonial cells rapidly proliferate and take over the ovary, reaching their peak at 

20 weeks of gestation, and are approximately 6–7 million in number. (2) The follicles 

then undergo atresia at an exponential rate such that about only 1 million remain at 

birth. The atresia continues throughout and approximately only 300,000–500,000 

primordial follicles remain at puberty. (2) Each month, a further thousands of follicles 

undergo atresia at ovulation and approximately 25,000 follicles are left when a 

woman is 37 years old. (2,5) This ‘ovarian reserve’ decreases further until the age of 

menopause when menstruation ceases and no further functioning oocytes are left. 

(6) The average age of menopause in the UK is 51 years. (7) About 1% of women 

will undergo menopause before the age of 40; this is termed as premature 

menopause and this could be due to gonadotoxic anti-cancer treatments, genetics or 

surgery, but many causes of premature menopause remain unknown. (7) 

Female fertility preservation  

Female fertility preservation involves techniques that offer women the option to have 

biological children at a time point of their choosing. Originally these techniques were 

developed for females who were at risk of losing their fertility (usually because of 

gonadotoxic cancer treatment). The main techniques that have been used for this 

process are pharmacological protection (such as gonadotropin releasing hormone, 

GnRHa), ovarian transposition, embryo and oocyte cryopreservation and ovarian 

tissue cryopreservation. (8–10)  
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The need for female fertility preservation 

Around 0.9 million females of reproductive age were diagnosed with cancer globally 

in 2020 and a significant increase has been noted over the last decade. (11) Ground 

breaking research has led to improved diagnostic and anti-cancer treatment options, 

which have significantly reduced mortality in young female cancer patients. (12) This 

has allowed female cancer survivors to focus on their quality of life more, especially 

on the choice of having biological children. (10,13,14) Gonadotoxic cancer 

treatments, however, can render young females infertile due to cancer treatments 

not specifically targeting the cancer cell line but also the reproductive tissue. 

Infertility can also lead to a disruption in hormonal milieu resulting in early 

menopause. (15) The reproductive system is somewhat neglected when patients 

with cancer are offered treatment because the focus is mainly on survival rather than 

on life after cancer. A collaboration between oncologists and reproductive medical 

specialists is therefore imperative to ensure both needs are attended to. Indeed, one 

such collaboration has led to the term ‘oncofertility’, which was coined in 2007 and 

aims to ‘bridge the gap between oncology and reproductive endocrinology’. (16) In 

addition, there may be reasons other than cancer for why females may opt for fertility 

preservation and these include benign haematological diseases, autoimmune 

disorders, benign gynaecological conditions such as ovarian cysts and 

endometriosis, or the wish to preserve fertility for personal reasons. (17–19) 

History of fertility preservation 

In the past, embryo cryopreservation was the only option of fertility preservation for 

couples. The first pregnancy from cryopreserved embryos was reported in 1983 and 

this was followed by a live birth two years later (from a frozen blastocyst). (9,20,21) 
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Although embryo cryopreservation has become a routine procedure in the world of 

assisted reproductive technology (ART), it comes with a prerequisite of having a 

male partner in order for females to consider undertaking the procedure. With the 

development of oocyte cryopreservation in the 1980’s followed by the routine use in 

infertility treatments thereafter, it has negated the need for a male partner as a 

fertility preservation option for many women. However, for women with cancer, the 

ovulation induction process to retrieve oocytes is not always feasible due to time 

sensitive commencement of anti-cancer therapies. Furthermore, although the use of 

GnRH agonist is an option, current recommendation does not regard it to be an 

equivalent or alternative to cryopreservation procedures, and hence should only be 

used in conjunction or in cases when cryopreservation of reproductive material is not 

viable. (8) This leaves young women with limited options to preserve their fertility for 

the future.  

State of the art: ovarian tissue cryopreservation and transplantation (OTCT) 

Parrott et al. reported on the first case of successful fertility restoration after 

transplantation of ovarian tissue in mice in 1960 but it was not until the 1990’s that 

the procedure progressed to larger animals. (22) Gosden et al. reported a live birth 

from transplanted cryopreserved ovarian tissue in sheep in 1994. (23) The 

encouraging results led to xenotransplantation of human ovarian tissue to severe 

combined immunodeficient (SCID) mice and the follicular survival in ovarian grafts 

made it possible to offer this novel method to female cancer patients. (24) The first 

orthotopic ovarian transplant was reported in the year 2000 and the development of 

the first embryo, reported by the same group in 2004. (24,25) The first live birth from 

ovarian transplantation, however, was reported in 2004 by Donnez et al. (26) A year 
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later, another live birth was reported in a patient who had received anti-cancer 

treatment before cryopreservation of ovarian tissue. (27) Ovarian tissue 

cryopreservation is an alternative method to oocyte and embryo cryopreservation 

that has been shown to return not only reproductive, but also hormonal function in 

females. (19,28,29) Although it was developed two decades ago, ovarian tissue 

cryopreservation and transplantation is still considered experimental in most parts of 

the world except in the USA, where the American Society of Reproductive Medicine 

(ASRM) has removed the experimental label recently. (10,13,30)  

OTCT technique 

Ovarian tissue cryopreservation involves removing either the whole ovary or part of 

the ovary, dissecting the cortex from the medulla and cryopreserving the cortex in 

liquid or vapour nitrogen using slow freezing or vitrification techniques (Figure 3). 

(31) When the patient wishes to conceive, the tissue can be thawed and 

transplanted back either at a heterotopic site (such as the pelvic side wall) or 

orthotopic site (the remaining ovary) as shown in Figure 4. (5,32) Many women have 

successfully conceived following ovarian tissue transplantation, with over 200 live 

births reported. (33)  
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Figure 4. Sites of ovarian transplantation. Adapted from Taylan and Oktay 2019. (5) 

 

Preservation of ovarian hormonal function 

Although importance is given to preserving reproductive function in females, those 

who undergo cancer treatment also end up suffering from early menopause, which 

significantly adds to the burden of post cancer quality of life. Being in menopause 

predisposes these young women to osteoporosis, cardiovascular risk and mental 

health problems. (7) Furthermore, women are now living almost half of their lives in 

menopause due to improvements in quality of life that have led to increased life 

expectancy, not to mention cure of diseases that were not available decades ago. 

Pharmacological hormone replacement therapy (pHRT) is currently the only 
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treatment to help women with menopausal symptoms. (7) Pharmacological HRT 

however is not an option for all women such as those known to have or are 

suspected of having oestrogen dependent cancer, endometrial hyperplasia, venous 

thromboembolism or reasons such as simply not wanting to be on HRT. (7) Recent 

controversies around the use of HRT have resulted in cautiousness from clinicians 

and patients regarding its use. (34) The notion of using ovarian transplants to help 

with menopausal symptoms or to even delay the onset of menopause is not without 

its controversy but it does provide an option for women in whom pHRT is not viable. 

(35–37)   

Perspectives on fertility preservation 

There is great discrepancy in how care for cancer survivors is provided, especially in 

terms of fertility preservation. Hammarberg et al. explored the experiences of 

healthcare professionals in established clinics that provided advanced fertility 

preservation techniques for young female cancer survivors. (38) The results of the 

study highlighted lack of communication between oncologists and reproductive 

medicine specialists as well as challenges in managing expectations of individuals 

undergoing fertility preservation. (39) However, there is a gap in the literature on 

studies that aim to understand the experiences and expectations of females who 

consider OTC as a method of fertility preservation in particular. (38) It is imperative 

that the views and differing perspectives of women from a diverse range of 

backgrounds are explored on this important topic such that individualised, patient-

centred care is provided accordingly in the future.  
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Purpose of thesis 

Although ovarian tissue cryopreservation is offered in many fertility centres 

worldwide (on an experimental basis), there is great discrepancy in its delivery. Not 

all patients have access to these procedures and those that do, are faced with the 

dilemma of whether it will achieve the desired outcomes (live birth and return of 

hormonal function). The aim of this thesis was to collate reliable data on the 

effectiveness of ovarian tissue transplantation to guide healthcare professionals in 

providing the best evidence-based care to women who seek to undergo this method 

of fertility and hormonal preservation. The lived experiences of women who have 

undergone this procedure, in addition to the views, motivations and expectations of 

women who have considered this procedure, will provide new insights into the 

decision-making process with regards to opting for this procedure.  

Thesis overview  

The aim of this work is to explore in detail the effectiveness of transplanting ovarian 

tissue in returning reproductive and endocrine function in young girls and women.  

The following chapters (with brief descriptions) are compiled in the thesis: 

● Chapter 2- a systematic review and individual patient data (IPD) meta-

analysis of reproductive and endocrine outcomes from fresh and frozen-

thawed ovarian transplants.  

● Chapter 3- an observational case series to assess the feasibility of fresh 

ovarian transplantation in preventing early menopause. 
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● Chapter 4- a thematic synthesis of qualitative studies that address the 

experiences of young girls and women who either considered or underwent 

ovarian tissue cryopreservation or transplantation (or both).  

● Chapter 5- a pragmatic narrative qualitative study exploring the views, 

motivations and expectations of women who have considered or are 

considering ovarian tissue cryopreservation as a method of fertility and 

hormonal preservation.  

● Chapter 6- an in-depth discussion of the results including reproductive and 

endocrine outcomes from ovarian tissue transplantation, the experiences and 

views of females who are considering or have undergone ovarian tissue 

cryopreservation and transplantation, and finally the novel use of fresh 

ovarian transplants in females with benign conditions will be considered. 

The summary of research studies and the methodology applied in this thesis, as per 

PICO format, is displayed in Table 1. 

Table 1. Summary of research studies within the PhD thesis 

Population Intervention or 
factor of 
interest 

Comparison Outcomes Study 
design 

Chapter 

Prepubertal 
girls with 
cancer, 
females who 
received 
gonadotoxic 
anti-cancer 
therapies, 
infertile 
females, 
females with 
genetic 
abnormalities 
such as 
turner’s 
syndrome, 

Fertility 
preservation 
using ovarian 
tissue 
cryopreservation 
and having 
received ovarian 
transplants 
(fresh, frozen-
thawed or 
donor) 

n/a Pregnancy 
rates, live 
birth rates, 
miscarriage 
rates 

Systematic 
review and 
individual 
patient data 
meta-analysis 

2 
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females at 
risk of, or 
with 
premature 
ovarian 
insufficiency 
 
Young girls 
and women  

Considering or 
undergone 
ovarian tissue 
cryopreservation 

n/a Lived 
experience 

Systematic 
review of 
qualitative 
studies and 
thematic 
syntheses  

3 

Females 
aged 18-45 

Considering or 
undergone 
ovarian tissue 
cryopreservation 

n/a Views, 
motivations 
and 
expectations 

Pragmatic 
qualitative 
interview 
study 

4 

Females 
aged 18-45 

Fresh ovarian 
tissue 
transplantation 
(autografting) 

n/a FSH, LH, 
Oestrogen, 
progesterone, 
AMH, quality 
of life 
assessment 

Observational 
study 

5 
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Abstract 

Background  

Ovarian tissue cryopreservation involves freezing and storing of surgically retrieved 

ovarian tissue in liquid or vapour nitrogen below -190⁰C. The tissue can be thawed 

and transplanted back with the aim of restoring fertility or ovarian endocrine function. 

The techniques for human ovarian tissue freezing and transplantation have evolved 

over the last 20 years, particularly in the context of fertility preservation in pre-

pubertal cancer patients. Fresh ovarian tissue transplantation, using an autograft or 

donor tissue, is a more recent development; it has the potential to preserve fertility 

and hormonal function in women who have their ovaries removed for benign 

gynaecological conditions. The techniques of ovarian tissue cryopreservation and 

transplantation have progressed rapidly since inception; however, the evidence on 

the success of this intervention is largely based on case reports and case series.  

Objective and rationale 

The aim of this study was to systematically review the current evidence by 

incorporating study-level and individual patient-level meta-analyses of women who 

received ovarian transplants, including frozen-thawed transplant, fresh or donor 

graft.  

Search Methods  

The review protocol was registered with PROSPERO (CRD42018115233). A 

comprehensive literature search was performed using MEDLINE, EMBASE, CINAHL 

and Cochrane Central Register of Controlled Trials from database inception to 
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October 2020. Authors were also contacted for individual patient data if relevant 

outcomes were not reported in the published manuscripts. Meta-analysis was 

performed using inverse-variance weighting to calculate summary estimates using a 

fixed-effects model.  

Outcomes 

The review included 87 studies (735 women). Twenty studies reported on ≥ 5 cases 

of ovarian transplants and were included in the meta-analysis (568 women). Fertility 

outcomes included pregnancy, live birth and miscarriage rates, and endocrine 

outcomes included oestrogen, FSH and LH levels. The pooled rates were 37% (95% 

CI 32-43%) for pregnancy, 28% (95% CI 24 – 34%) for live birth, and 37% (95% CI 

30– 46%) for miscarriage following frozen ovarian tissue transplantation. Pooled 

mean for pre-transplant oestrogen was 101.6 pmol/l (95% CI: 47.9 to 155.3), which 

increased post-transplant to 522.4 pmol/l (95% CI: 315.4 to 729; mean difference 

228.24; 95% CI: 180.5 to 276). Pooled mean of pre-transplant FSH was 66.4 IU/L 

(95% CI: 52.8 to 84), which decreased post-transplant to 14.1 IU/L (95% CI: 10.9 to 

17.3; mean difference 61.8; 95% CI: 57 to 66.6). The median time to return of FSH to 

a value <25 IU/L was 19 weeks (interquartile range 15 – 26 weeks; range 0.4 – 208 

weeks). The median duration of graft function was 2.5 years (interquartile range 1.4 

to 3.4 years; range 0.7-5 years). The analysis demonstrated that ovarian tissue 

cryopreservation and transplantation could restore reproductive and hormonal 

functions in women. Further studies with larger samples of well characterised 

populations are required to define the optimal retrieval, cryopreservation and 

transplantation processes. 
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Wider implications 

Ovarian tissue cryopreservation and transplantation may not only be effective in 

restoring fertility but also the return of reproductive endocrine function. Although this 

technology was developed as a fertility preservation option, it may have the scope to 

be considered for endocrine function preservation.  

Key words  

Ovarian tissue; cryopreservation; transplantation; premature ovarian insufficiency; 

fertility preservation; menopause; oncofertility 
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Introduction  

There is an increase in the number of young girls and women diagnosed with cancer 

globally. In 2020 alone, approximately 0.9 million cases of new cancers were 

diagnosed worldwide in women aged 0-39 years (crude and age-standardised 

incidence rate per 100,000) (1). Ground-breaking research into anti-cancer therapies 

has resulted in a significant increase in survival rates of young female cancer 

participants, which has brought into focus the need for maintaining quality of life in 

these women (2–4). Unfortunately, gonadotoxic anti-cancer therapies pose 

substantial risk to the fertility prospects of girls and young women. Oocyte 

cryopreservation can be offered to post-pubertal women; however, this is not an 

option for pre-pubertal girls. Over the last two decades, a new method of fertility 

preservation has been developed to cryopreserve ovarian cortical tissue, and this 

option has the advantage of being suitable for pre-pubertal girls. The surgically 

retrieved ovarian tissue is prepared by separating the cortex from the medulla. The 

ovarian cortex, which contains thousands of primordial follicles in girls and young 

women, is then cut into strips, dehydrated in cryoprotectant solution and 

cryopreserved (frozen) using controlled rate freezing (slow) or vitrification 

(ultrarapid). The cryopreserved tissue is stored in vials and once the cancer 

treatment is concluded and the patient is deemed disease-free by their oncologist, 

the tissue can be thawed and transplanted back to restore fertility and endocrine 

function. Transplantation process may involve surgically transplanting ovarian tissue 

onto the remaining ovary (orthotopic), pelvic side wall, subcutaneously or 

intramuscularly (heterotopic). To date, thousands of girls and young women have 

had their ovarian tissue cryopreserved  and for those not given the option there is a 

significant level of regret (5–7). Ovarian tissue cryopreservation and transplantation 
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have shown promise in preserving fertility and restoring endocrine function (8–13). 

The frozen-thawed ovarian tissue grafts are capable of endocrine function, producing 

viable oocytes for up to 7 years or even longer (12,14–16). This procedure has 

therefore enabled women to have their biological children, while restoring 

physiological ovarian hormonal function. 

Fresh ovarian transplants have also been used to establish endocrine function and 

fertility in recipients with premature ovarian insufficiency (POI). The first successful 

fresh human ovary transplantation was reported in 2005 in monozygotic twins (10). 

The same centre performed further fresh transplants in eight participants resulting in 

11 healthy babies. In recent years, multiple centres have reported a series of fresh 

ovarian transplants with evidence of endogenous hormone production (12,17–24). 

Despite ovarian tissue cryopreservation and transplantation being available for two 

decades, there is a marked variation in the delivery of this procedure worldwide. 

Most of the data are based on case reports from specialised centres with expertise in 

providing this procedure, but there are many unpublished cases. The objective of 

this review was to synthesize the existing evidence on the use of fresh and 

cryopreserved ovarian tissue transplantation, using study-level data and individual 

patient data (IPD).  

Methods  

PROSPERO registration and systematic search 

The review protocol was registered with PROPERO (CRD42018115233) on 15th 

November 2018 (25). A comprehensive literature search was performed using 
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MEDLINE, EMBASE, CINAHL and Cochrane Central Register of Controlled Trials 

from database inception to October 2020.  

The databases were searched using the following key words and medical subject 

heading (MeSH) terms: ovarian, cryopreservation, transplantation, fresh 

transplantation, pregnancy, live birth and ovarian function. The search strategy for 

MEDLINE is attached to the appendix 1. The search was completed by screening 

the reference lists of all relevant publications.  

Inclusion and exclusion criteria 

Inclusion and exclusion criteria for studies were established before the literature 

search was conducted. Study selection was carried out by two independent 

reviewers (H.K. and R.M.). Any disagreements about inclusion were resolved by 

consensus or arbitration by a third reviewer (L.C.)  

All studies that reported fertility or endocrine outcomes from either fresh or frozen-

thawed ovarian transplants for at least one participant were included. These 

comprised cohort studies, observational studies, case reports, case series, 

conference abstracts and grey literature (irrespective of country of origin, affiliations 

of authors, language or year of publication). Commentaries, editorials, 

correspondence and letters were excluded. When more than one publication 

originated from the same centre, population or cohort, reports were individually 

assessed to identify and remove duplicates.  This was also double checked by cross 

referencing and contacting the authors directly for clarification, and with the most 

recent or complete publication being selected.  
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Primary and secondary outcomes 

For each patient identified and included in the study, the aim was to collect data on 

ovarian reproductive function, such as pregnancy, live births and miscarriages, and 

endocrine function, such as oestrogen, progesterone, FSH, LH and anti-Müllerian 

hormone (AMH) levels. The return of hormonal function was defined by an increase 

in oestrogen, and a decrease in FSH and LH along with return of menstruation. 

Although the accuracy of values of FSH has not been assessed robustly in the 

literature, for the purpose of this review the ESHRE guidelines on management of 

women with POI is used as a reference (26). A return of hormonal activity was 

described as women having achieved an FSH of < 25 IU/l post-transplant, LH of < 15 

IU/L and oestrogen of >200 pmol/l.  Furthermore, characteristics of participants that 

could have potential modifier effects on return of reproductive and ovarian endocrine 

function were pre-specified. These included variables such as age at 

cryopreservation, age at transplantation, cryopreservation before gonadotoxic 

chemotherapy, amount of ovary transplanted and site of transplant. Studies that only 

reported an aggregate for the cohorts were grouped separately.  

Data extraction and quality assessment 

Data extraction was performed in duplicate using a pre-defined piloted proforma. 

Both H.K. and R.M. extracted the data. Modified Newcastle-Ottawa scale was used 

for assessing the quality of the studies (27).  

IPD requests 

The authors of case reports and cohort studies were contacted and requested to 

provide IPD if the relevant outcomes were not available in the publication. If we were 
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unsuccessful in acquiring IPD, the studies were included in the aggregate data meta-

analysis. Patient-level data were requested from 16 centres. The data were provided 

for 220 women from six centres (USA, Belgium, Australia, Russia, Germany and 

Denmark). 

Data analysis and presentation 

Mean and SD, or median, interquartile range (IQR) and range were used to 

summarise the data from studies that reported ≥ 5 cases. All the outcomes were 

converted to a standard unit for analysis; for FSH and LH, international units per litre 

(IU/L) and for oestrogen, picomoles per litre (pmol/l). The pooled outcomes were 

calculated as mean difference (MD) for FSH, LH and oestrogen using the inverse 

variance method with  95% CIs and a fixed effects model (28). Risk Ratios (RRs) 

with 95% CIs were calculated for pregnancy rates in relation to age (≤ 35 years and 

> 35 years) at retrieval, reported as dichotomous variables with the inverse variance 

method under the fixed-effects model. Review Manager 5.3 was used for calculating 

MDs and RRs (29).  

To explore heterogeneity, χ2 test was used and significance was set at P < 0.05, 

where I2 was used for quantifying heterogeneity (30). Meta-analysis for pooled 

estimates for overall pregnancy rates, live birth rates and miscarriages were 

calculated using inverse-variance weighting to calculate the fixed-effects summary 

estimates. Statistical analyses were performed using Stata statistical package 

(Version 17, StataCorp, College Station, TX, USA) and Review Manager (Revman) 

software (29). 
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Results 

A total of 20,566 records were identified through the literature search. After removing 

679 duplicates and addition of 10 studies from sources outside the search, 19,897 

titles and abstracts were screened. After excluding studies that were not relevant, 

198 full text articles were assessed for eligibility. Out of these 87 studies (735 

women) were included in the review. We were able to extract IPD for 355 women 

and study-level data for 380 women. Studies that reported ≥ 5 cases of ovarian 

transplants were included in the statistical analysis (568 women). The characteristics 

of studies included in the meta-analysis are reported in Table 2. The PRISMA flow 

chart for the study is presented in Figure 5.  
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Gook et a . 
2019 
(Stern et a . 
2011, Stern et 
a . 2013; Stern 
et a . 2014) + 
IPD 
(unpub shed 
data) 
(Austra a) 
 

Auto mmune 
po yarter t s (1) 
B ce  ymphoma (1) 
Breast cancer (1) 
Cerv ca  cancer (9) 
Cyst (1) 
Desmo d Tumour (1) 
Endometr a  cancer 
(1) 
Endometr os s (1) 
Ew ng's sarcoma (2) 
Gynaeco og ca  
Cancer (2) 
HL (4) 
NHL (3) 
NMDA encepha t s 
(1) 
Pe v c Sarcoma (1) 
Sarcoma (1) 
SLE (1) 
Soc a  freez ng (2) 
Wegner's (2) 

Cryopreserva
tion 
29.1 (6.1) 
Transplantati
on 
35.5 (5.7) 

Frozen (35) 
Average amount 
of t ssue transp ant 
= 330.1 mm3 

Laparoscopy 
(35) 

Rema n ng ovary + 
Pe v c s de wa  (21), 
Pe v c s de wa  (14) 
 

FSH and 
oestrogen at 
base ne and 
post transp ant  
Pregnanc es 
L ve b rths 
 

Hoekman et 
a . 2019, K jn 
et a . 2019 
(The 
Nether ands) 

Breast Cancer (2) 
Hodgk n’s 
ymphoma (2) 
Non Hodgk n’s 
ymphoma (1) 
Ew ng’s sarcoma (1) 

Cryopreserva
tion 
27 (4.7) 
Transplantati
on 
33.4 (5.8) 

Frozen (7) 
Average of 8 
p eces transp ants 
(10×5×1 mm) 

Not reported Rema n ng ovary (6) 
Rema n ng ovary + 
per tonea  wa  (1) 

Return of 
menstruat on 
Pregnanc es 
L ve b rths 

Imbert et al. 
2014* 
(Demeestere 
et a . 2015 + 
IPD prov ded 
by author) 
(Be g um) 

Breast cancer (3) 
Recta  cancer (1) 
HL (3) 
NHL (2) 
Sarcoma (1) 
S ck e ce  anaem a 
(1) 
Wegner's (1) 

Cryopreserva
tion 27.5 (5.8) 
Transplantati
on 
33.1 (5.1) 
 

Frozen (12) 
Amount and s ze 
of transp anted 
t ssue not g ven 

Not prov ded Pe v c s dewa  +SC 
(2), 
Rema n ng ovary + 
Pe v c s de wa  (2), 
Rema n ng ovary + 
pe v c s de wa  + SC 
(1) 
 

FSH and 
oestrogen at 
base ne and 
post transp ant 
Return of 
menstruat on 
Pregnanc es 
L ve b rths 
5 months 
fo ow up  

Janse et a . 
2011 
(Be g um and 
The 
Nether ands) 
 
 

S ck e ce  anaem a 
(2) 
AML (1) 
HL (1) 
Wegner's (1) 
NHL (1) 
Endometr os s (1) 

Cryopreserva
tion  
23 (5.4) 
Transplantati
on 
29.6 (3.6) 

Frozen (6) 
Fresh (1) 
S ze of transp ant 
not g ven 

Not reported Rema n ng ovary (6), 
Per tonea  w ndow (1) 

FSH at 
base ne and 
post transp ant 
Oestrogen at 
base ne and 
post transp ant 
Return of 
menstruat on 
Pregnanc es 
2.5 year fo ow 
up 

Jensen et al. 
2015* 
(Schm dt et a . 
2004; Schm dt 
et a . 2005; 
Rosendah  et 
a . 2006; 
Andersen et a  
2008; Schm dt 
et a . 2011; 
Andersen, C. 
Y., et a . 2012; 
Greve et 
a .2012; Ernst 
et a  2013; 
Mack on et a . 
2014, Hjorth et 
a  2020)1 
(Denmark) 
 

Breast cancer (12) 
HL (5)  
NHL (5)  
Cerv ca  cancer (3)  
Ap ast c anaem a (2)  
Ew ng sarcoma (2) 
Paroxysma  
nocturna  
haemog ob nur a (2)  
Sarcoma (2)  
Haemo yt c uraem c 
syndrome (1)  
Ovar an cancer (1)  
Co on cancer (1)  
Ana  cancer (1)  
Auto mmune Sma  
Vesse  Vascu t s (1)  
Morbus Behcet (1) 
Chor ocarc noma (1) 
Wegener’s 
Granu omatos s (1) 

Cryopreserva
tion 30 (5.8) 
Transplantati
on 
33.7 (5.6) 

Frozen (58) 
 (5x5x1mm) 
 

M n  aparotomy 
(19) 
Laparoscopy + 
m n  aparotomy 
(24) 
Laparoscopy 
(15) 
 

Rema n ng ovary (19), 
Rema n ng ovary + 
Per tonea  pocket (18), 
Per tonea  pocket (15), 
Rema n ng ovary + 
Abdom na  wa  (3) 
Rema n ng ovary 
+Per tonea  pocket 
+Abdom na  wa  (3),  
 

FSH at 
base ne and 
post transp ant 
Oestrogen at 
base ne and 
post transp ant 
Return of 
menstruat on 
Pregnanc es  
L ve b rths 
10 year fo ow 
up 
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Me row et a . 
2016 
(Israe ) 
 
 

AML (1) 
Breast Cancer (3) 
CML (1) 
Ew ng's sarcoma (2) 
HL (9) 
NHL (4) 
 
 

Cryopreserva
tion 28.7 (7.5)
  
Transplantati
on 
34.4 (6.9) 

Frozen (20) 
Amount of 
transp ant not 
g ven. 
(5x10x1.5mm) 

M n  aparotomy 
(20) 

Rema n ng ovary (20) FSH and 
oestrogen at  
at base ne 
and post 
transp antat on 
Return of 
menstruat on 
Pregnanc es 
L ve b rths 
Fo ow up 7 to 
141 months 
(mean 3.18 
years)  

Oktay et al. 
2016* 
(Oktay et e . 
2003; Oktay et 
e  2004; Oktay 
et e  2011) 
(USA) 
 

Cerv ca  cancer (1) 
Ben gn ovar an cysts 
(1) 
Breast cancer (1) 
HL (1) 
hemophagocyt c 
ymphoh st ocytos s 
(1) 
NHL (1) 

Cryopreserva
tion 
27 (4.7) 
Transplantati
on 
34.5 (2.4) 
 

Frozen (4) 
Fresh (2) 
Amount of t ssue 
transp anted not 
g ven. 
(5x5x2 mm) 

Laparoscopy (1) 
Robot c ass sted 
aparoscopy (1) 
SC (2) 
IM (2) 
 

Rema n ng ovary (2), 
SC (2), 
IM (2) 

FSH at 
base ne and 
post transp ant 
Oestrogen 
post transp ant 
Return of 
menstrua  
act v ty 
Pregnanc es 
L ve b rths 
2 year fo ow 
up 

Po rot et a . 
2019 
(France) 
 

Beta tha assem a (1) 
Cerv ca  cancer (1) 
Ew ng's sarcoma (1) 
HL (14) 
NHL (8) 
Ovar an cancer (3) 
Pseudomyxoma  
per tone  (1) 
Shwachman
D amond syndrome 
(1) 
S ck e ce  anaem a 
(1) 

Cryopreserva
tion 26.2 (5.8) 
Transplantati
on 
33.5 (4.8) 

Frozen (31) 
Amount of ovary 
transp anted, 
med an 16 (range 
4 32) 
(6 × 4 × 1.5 mm) 
 

Laparoscopy 
(31) 

Pe v c s de wa  (27), 
SC (3), SC+ Pe v c 
s de wa  (1) 
 

Pregnanc es  
L ve b rths 
Fo ow up 2.2 
years (range: 
0.6 12.0) 
 

Roux et a . 
2019 
(France 
) 

HL (51), NHL (21), 
Ew ng's Sarcoma 
(5), AML (5), ALL 
(3), 
Mye opro ferat ve 
syndrome (1), 
Synov a  sarcoma 
(2), Recta  Cancer 
(2), 
Myxof brosarcoma 
(1), Abdom na  
myoma (1), Sp na  
ependymoma (1), 
Neurob astoma (1), 
Mesothe um (1), 
Border ne ovar an, 
Cancer (4), Breast, 
Cancer (5), Cerv ca  
Ca (1), S ck e ce  
d sease (2), 
Tha assem a (2), 
Fancon  Anaem a 
(1), Per arter t s 
nodosa (1), 
System c 
mastocytos s (1), 
Schwachman
D amond syndrome 
(1), Neuro upus (1) 

Cryopreserva
tion 
26.3 (5.8) 
Transplantati
on 
32.8 (4.6) 

Frozen (114) 
Amount and s ze 
of t ssue not g ven. 

2 step 
aparoscopy (69) 
Not descr bed 
(45) 

Rema n ng ovary (105) Return of 
ovar an act v ty 
Pregnanc es 
L ve b rths 
6 months 
fo ow up 

Sanchez et a . 
2007 
(Spa n) 
 

Hysterectomy + 
BSO (12) 

Transplantati
on 
40.5 (2.9) 

Fresh (12) Laparoscopy 
(12) 

Contra atera  ovary 
(12) 

AMH and FSH 
at base ne 
and post 
transp antat on 
Fo ow up 2 
years 
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Burme ster et 
a . 2013 
(Austra a) 

Breast Cancer (1) 
Not spec f ed (1) 

Cryopreserva
tion 
38(1.4) 
Transplantati
on 
45 (3.8) 
 
 

Frozen (2) 
10 fragments 
(5x5x1mm) 

M n  aparotomy Rema n ng ovar es Oestrogen at 
base ne and 
post transp ant 
FSH post
transp ant 
Return of 
menstruat on 
Pregnancy 
L ve b rth 

Bystrova 2019 
(Russ a) 

HL (1) Cryopreserva
tion 26 
Transplantati
on 28 
 

Frozen 
2 fragments (5x5 
mm) 
 

M n  aparotomy Rema n ng ovary FSH, LH and 
AMH at 
base ne and 
post transp ant 
Return of 
menstruat on 
Pregnancy 
L ve b rth 

Dun op et a . 
2016 
(UK) 

W m’s tumour Cryopreserva
tion 
22 
Transplantati
on 
32 

Frozen 
8 fragments 
(10x10x5mm) 

Laparoscopy Rema n ng ovary FSH, LH, AMH 
and oestrogen 
post transp ant 
Pregnancy 
L ve b rth 
 

Fabbr  et a  
2018 
(Ita y) 

Cyst c teratoma Cryopreserva
tion 
24 
Transplantati
on 
34 

Frozen 
15 str ps 
(10x2mm) 

Laparoscopy + 
SC 

Rema n ng ovary + 
pe v c s de wa  + SC 
abdom na  

FSH, LH and 
oestrogen 
post transp ant 

Fabbr  et a . 
2014 
(Ita y) 

Co orecta  Cancer 
(1) 
HL (1) 
Breast Cancer (1) 

Cryopreserva
tion 
28.6 (5.5) 
Transplantati
on 
36.5 (5.7) 

Frozen 
Average of  
22 str ps (s ze not 
g ven). 

Laparoscopy (2) 
SD (1) 

Rema n ng ovary + 
pe v c s de wa  (2), 
SD abdom na  wa  (1) 

FSH and LH at 
base ne and 
post transp ant 
Oestrogen 
post transp ant 
Return of 
menstruat on 

Fàbregues et 
a . 2017 
(Spa n) 

Breast cancer (3) 
Nasopharyngea  
cancer (1) 

Cryopreserva
tion 
35.3 (2.8) 
Transplantati
on 
40.3 (3.6) 

Frozen  
Average of 10 
p eces 
transp anted. S ze 
not g ven. 

Laparoscopy (4) Rema n ng ovary FSH, LH and 
oestrogen at 
base ne on y. 
Return of 
menstruat on 
L ve b rth 

Fajau Prevot 
et a . 2017 
(France) 

Ew ng’s Sarcoma Cryopreserva
tion 
32 
Transplantati
on 
37 

Frozen 
21 str ps 
(1.5mm) 

2 step 
Laparoscopy 

Rema n ng ovary + 
Pe v c s de wa  

AMH, FSH 
and LH at 
base ne and 
post
transp ant.  
Return of 
menstruat on 
Pregnancy 
L ve b rth 

Ha x a et a . 
2019 
(Ch na) 

POI Cryopreserva
tion 
28 
Transplantati
on 
29 

Frozen 
Amount not g ven 
(1x1x1mm) 

Laparoscopy Pe v c s de wa  Pregnancy 
L ve b rth 

H ders et a . 
2004 
(The 
Nether ands) 

Cerv ca  cancer Transplantati
on 
29 

Fresh SC SC (arm) Not g ven 

Isachenko et 
a . 2012 
(Germany) 

HL Cryopreserva
tion 
25 
Transplantati
on 
32 

Frozen 
Max 8 str ps 
2.5x1x1mm 

Laparoscopy Pe v c s de wa  Return of 
menstruat on 
Pregnancy 
L ve b rth 

Isachenko et 
a . 2013 
(Germany) 

Ew ng’s Sarcoma Cryopreserva
tion 
25 
Transplantati
on 
30 

Frozen 
9 p eces 
5x3x1mm 

Laparoscopy Pe v c s de wa  FSH and 
oestrogen at 
base ne and 
post transp ant 
Return of 
menstruat on 
Pregnanc es 
L ve b rths 
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Kim et al. 
2012 
(K m et a  
2004; K m et 
a . 2009) 
(South Korea) 

Cerv ca  Cancer (3) 
Breast Cancer (1) 
HL (1) 
 

Cryopreserva
tion 
31 (4.1 
Transplantati
on 
35.8 (4) 

Frozen 
8 20 p eces 
5x5x1mm 

IM Between rectus 
musc e and rectus 
sheath 

FSH at 
base ne and 
post transp ant 
10 year fo ow 
up 

K ran et a . 
2004 
(Turkey) 

TAH + BSO Transplantati
on  
44 

Fresh 
10 str ps 
4x20x2mm 

IM Rectus musc e FSH post
transp ant 
6 months 
fo ow up 

K se eva et a . 
2015 
(Russ a) 

 
Thyro d cancer 

Cryopreserva
tion 
24 
Transplantati
on 
26 

Frozen 
Amount and s ze 
of t ssue not g ven 

Laparoscopy Rema n ng ovary FSH, LH and 
AMH at 
base ne and 
post transp ant 
Pregnancy 
L ve b rth 

Kodama et a . 
2010 
(Japan) 

Caesarean 
hysterectomy 

Transplantati
on 
34 

Fresh Laparotomy Pe v c s dewa  FSH, LH and 
oestrogen 
post transp ant 
4.5 year fo ow 
up  

Kr stensen et 
a . 2017 
(Denmark) 

Ovar an Cancer Cryopreserva
tion 
23 
Transplantati
on 
32 

Frozen 
18 p eces 

 Laparoscop c ass sted 
m n  aparotomy 

FSH, LH and 
oestrogen 
post transp ant 
Menstruat on 
Pregnancy 
L ve b rth 

Laufer et a . 
2010 
(USA) 
 

W ms’ tumour (3) Transplantati
on) 
3 (1.8) 

Fresh 
Amount of t ssue 
transp anted, and 
str p s ze not g ven 

IM De to d musc e (ax a) Menstruat on 
(menarche) 
10 year fo ow 
up 

Lee at a . 2018 
(Korea) 

Recta  Cancer Cryopreserva
tion 
30 
Transplantati
on 
34 

Frozen 
Amount not 
descr bed 
S ze 5x5x1mm 

Laparoscopy Pe v c s de wa  FSH, LH, AMH 
and oestrogen 
at base ne 
and post
transp ant 
Pregnancy 

Lorenzo et a . 
2016 
(Argent na) 

Ask n Tumour Cryopreserva
tion 
28 
Transplantati
on 
32 

Frozen 
12 str ps 
2mm 

Laparoscopy Rema n ng ovary Menstruat on 
Pregnancy 
L ve b rth 

Mardes c et a . 
2017 
(Prague) 

Breast Cancer Cryopreserva
tion 
29 
Transplantati
on 
36 

Frozen 
Amount of t ssue 
transp anted, and 
s ze not g ven 

Laparoscopy Rema n ng ovary FSH, LH, AMH 
and oestrogen 
at base ne 
and post
transp ant 
Menstruat on 
Pregnancy 

Mathews et a . 
2018 
(UK and 
Denmark) 

Beta Tha assem a  Cryopreserva
tion 
9 
Transplantati
on 
21 

Frozen 
7 fragments, 1
2mm 
 

Laparoscopy Rema n ng ovary + 
pe v c s de wa  

FSH, LH, AMH 
and oestrogen 
at base ne 
and post
transp ant 
Menstruat on 
Pregnancy 
L ve b rth 

Mhatre et a . 
2006 

Turner’s syndrome 
(2) 
POI (1) 

Donor age 
26,38 and 21 
Recipient age 
17,15,22 

Fresh (donor) 
Var ous amount of 
t ssue  
S ze nor g ven 
 

Laparotomy Host ovary 9 months to 3 
years fo ow 
up 

M enkov c et 
a . 2017 
(Sweden) 

HL Cryopreserva
tion 
27 
Transplantati
on 
31 

Frozen 
7 str ps 
S ze not g ven 
 

M n  aparotomy  Rema n ng ovary + 
pe v c s de wa  

FSH, LH, AMH 
and oestrogen 
at base ne 
and post
transp ant 
Menstruat on 
Pregnancy 
L ve b rth 

Mu er et a . 
2012 
(Germany) 

HL Cryopreserva
tion 
25 

Frozen 
Amount of t ssue 
transp anted, and 
s ze not g ven 

Laparoscopy Pe v c s de wa  FSH, LH, AMH 
and post
transp ant 
Menstruat on 
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Transplantati
on 
30 

Pregnancy 
L ve b rth 

Ozkavakcu et 
a . 2019 
(Turkey) 

ALL Cryopreserva
tion 
20 
Transplantati
on 
27 

Frozen 
9 str ps 
0.5x1x1cm 

Laparoscopy Pe v c s de wa  FSH at 
base ne and 
post transp ant  
Pregnancy 
L ve b rth 

Povoa et a . 
2016 
(Portuga ) 

Adnexectomy 
(secondary to a 
mass) + congen ta  
absence of r ght 
ovary 

Cryopreserva
tion 
18 
Transplantati
on 
28 

Frozen 
8 fragments 
2x2mm 

Laparoscopy Pe v c s de wa  FSH and 
oestrogen at 
base ne and 
post transp ant  
Menstruat on  

Radford et a . 
2001 
(UK) 

HL Cryopreserva
tion 
36 
Transplantati
on 
37 

Frozen 
2 str ps 
1x5cm 

Laparoscopy Rema n ng ovary + 
pe v c s de wa  

FSH, LH and 
oestrogen at 
base ne and 
post transp ant  
Menstruat on 

Radwan et a . 
2016 
(Po and) 

Cerv ca  cancer Cryopreserva
tion 
28 
Transplantati
on 
29 

Frozen 
2 fragments 
5x5x1mm 

Laparoscopy Pe v c s de wa  FSH, LH, AMH 
and oestrogen 
at base ne 
and post
transp ant  
Menstruat on 

Reve  et a . 
2011 
(Israe ) 

Beta Tha assem a  Cryopreserva
tion 
19 
Transplantati
on 
23 

Frozen 
36 fragments 
1.5x3x1.5mm 

Laparotomy Rema n ng ovary + 
pe v c s de wa  

Pregnancy 
L ve b rth 

Revelli et al. 
2013* 
(B as n et a . 
2015) 
(Ita y) 

Beta Tha assem a Cryopreserva
tion 
21 
Transplantati
on 
29 

Frozen 
17 fragments 
5x5x1mm 

2 step 
aparoscopy 

Rema n ng ovary FSH, LH and 
oestrogen at 
base ne and 
post transp ant  
Menstruat on 
Pregnancy 
L ve b rth 

Rodr guez  
Wa berg et a . 
2014 
(Sweden) 

Ew ng’s Sarcoma Cryopreserva
tion 
23 
Transplantati
on 
31 

Frozen 
97 p eces 
1x3x5mm 

Laparoscopy Rema n ng ovary FSH, LH and 
oestrogen at 
base ne and 
post transp ant  
Pregnancy 
L ve b rth 
 

Shap ra et a . 
2018 
(Israe ) 

AML Cryopreserva
tion 
19 
Transplantati
on 
32 

Frozen 
6 str ps 
1 2mm2 

M n  aparotomy Rema n ng ovary FSH, LH and 
oestrogen at 
base ne and 
post transp ant  
Pregnancy 
L ve b rth 
 

Tamm ste et 
a . 2019 
(Eston a) 

Breast cancer Cryopreserva
tion 
28 
Transplantati
on 
30 

Frozen 
5 p eces 
2x5x2mm 

Submuscu ar Submuscu ar Pe v c 
wa  

AMH, and at 
base ne and 
post transp ant  
Menstruat on 
Pregnancy 
L ve b rth 
 

Tanbo et a . 
2015 
(Norway) 

HL (1) 
T ce  ymphoma (1) 

Cryopreserva
tion 
28 (5.7) 
Transplantati
on 
32 (2.8) 

Frozen 
Amount of ovary 
transp anted not 
descr bed 
S ze 5x5x1mm 

M n  aparotomy Rema n ng ovary Pregnancy 
L ve b rth 

Wø ner
Hanssen et a . 
2005 
(Sweden) 

Sjogren’s syndrome Cryopreserva
tion 
32 
Transplantati
on 
Not g ven 

Frozen 
Amount of t ssue 
transp anted not 
g ven 
2x2x1mm 

IM IM Not g ven 
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Y n et a . 2009 
(Ta wan) 

Acc denta  TAH + 
BSO  

Transplantati
on 
32 

Fresh Laparotomy Pfannenst e   
nc s on s te 

FSH, LH and 
oestrogen 
post transp ant 
51 months 
fo ow up 

 

Reproductive outcomes after ovarian tissue transplantation 

Pregnancies 

Eighteen studies (547 women) were included in meta-analysis for reproductive 

outcomes and at least one pregnancy was reported in 184 women (Figure 6). The 

pregnancy rate for frozen transplants was 37% (95% CI 32-43%) and for fresh 

transplants was 52% (95% CI 28-96%). Some women achieved more than one 

pregnancy giving an overall of 290 pregnancies reported in the literature.  

Live births 

Seventeen studies (539 women) were included in the meta-analysis and at least one 

live birth was reported in 134 women (Figure 7). The live birth rate for frozen 

transplants was 28% (95% CI 24-34%) and for fresh transplants was 45% (95% CI 

23-86%). Some women achieved more than one live birth giving a total of 166 live 

births from women included in meta-analysis. The median number of live births per 

patient from frozen-thawed transplant was 1 (range 1-4) and the median number of 

live births per patient from fresh transplant was also 1 (range 1-3). Apart from the 17 

studies, we also found case reports that described a further 34 live births. Overall, 

189 live births have been reported in the literature. 

Note:  
Studies originating from the same group of authors were cross checked for references and duplication of patients identified  Some studies may 
therefore have less patients than originally reported (due to removal of duplications and reporting in other studies)   
* = Pr mary study. 1 Pr mary study used to report outcomes wh st others used to gather data n nd v dua  pat ents where poss b e. 2 Data 
prov ded by D ttr ch et a . not nc uded n th s study (as IPD prov ded). 3 Age at cryopreservat on n= 1. 4 A  stud es pub shed by the author n 
pr mary study comb ned. 5 Transp antat on a few days after IVA, freez ng and thaw ng. 6 IPD data prov ded by Professor R D ttr ch. SC, 
Subcutaneous; IM, ntramuscu ar; SD, Subderma ; CML, Chron c Mye o d Leukaem a; HL, Hodgk n ymphoma; NHL, Non Hodgk n ymphoma; 
AML, Acute Mye o d Leukaem a; PNH, Paroxysma  Nocturna  Haemog ob nur a; TAH + BSO, Tota  abdom na  hysterectomy + b atera  
sa p ngo oophorectomy; MPA, M croscop c po yang t s; IVA, In v tro act vat on; ALL  Acute ymphocyt c eukaem a 
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median time to return of oestrogen to a value >200pmol/l was 19.5 weeks (IQR 14 – 

24 weeks; range 5 – 208 weeks). 

Figure 9. Evidence of return of hormonal function after human ovarian 
transplantation shown by an increase in oestrogen (pmol/l) post- transplant.  

 

FSH 

Eleven studies (Figure 10) reported FSH pre transplantation (136 women) and post 

transplantation (132 women). Pooled means of pre-transplant FSH was 68.4IU/L 

(95% CI: 52.8 to 84), which decreased post-transplant to 14.1 IU/L (95% CI: 10.9 to 

17.3; MD 61.8; 95% CI: 57 to 66.6) with substantial heterogeneity, I2 = 79%, 

(P=0.0001). Overall FSH levels post-transplant were reported for 187 out of 735 

women. A decrease in FSH below 25 IU/L was achieved in 72% (135/187 women). 

The median time to return of FSH to a value <25 IU/L was 19 weeks (IQR 15 – 26 

weeks; range 0.4 – 208 weeks). 
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Figure 10. Evidence of return of hormonal function after human ovarian 
transplantation shown by a decrease in FSH (IU/l) post-transplant 

 

 

LH 

Six studies (Figure 11) reported LH pre transplantation (52 women) and post 

transplantation (54 women).  Pooled mean for pre-transplant LH was 41.5 IU/L (95% 

CI: 32.5 to 50.5), which decreased post-transplant to 19 IU/L (95% CI: 5.8 to 32.2; 

MD 23.4; 95% CI: 15.6 to 31.1), heterogeneity I2 = 0% (P=0.64). Overall, LH values 

post transplantation were described in 69 out of 735 women. A decrease in LH below 

15 IU/L was achieved in 46 out of 69 women (67%). The median time to return of LH 

to a value <15 IU/L was 19.5 weeks (IQR 14 – 27 weeks; range 8 –156 weeks). 
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Figure 11. Evidence of return of hormonal function after human ovarian 
transplantation shown by a decrease in LH (IU/l) post-transplant. 

 

Additionally, we were able to collate reproductive outcomes based on whether 

participants achieved an FSH of less than or equal to 25 IU/L and compared to those 

who had FSH of greater than 25 IU/L post transplantation. It was found that an FSH 

of ≤ 25 IU/L was reported in 128 women, 64 (50%) of whom were able to achieve at 

least one pregnancy and 44 (34%) at least one live birth (Table 3).  
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AMH 

Only one study provided enough data for AMH pre and post transplantation. (32) We 

found that even in those women who had an AMH of < 1ng/ml pre transplant, 19 

pregnancies were observed in 71 patients (pregnancy rate = 27%).  

Return of menstruation 

Menstrual activity was reported as an outcome in 273 out of 735 women. It was 

noted that 196 out of 273 (72%) women were reported to have resumed 

menstruation. The median time to return of menstrual activity was 18 weeks (IQR 14- 

22 weeks; range 3 – 48 weeks). The return of menstrual activity coincides with that 

of hormonal function (median time to return of FSH to a value of <25 IU/L is 19 

weeks and LH < 15 IU/L was 19.5 weeks). 

How fresh and frozen-thawed transplants differ in restoring hormonal and fertility 

outcomes 

Through the literature search we identified 45 fresh transplants, 11 of which used a 

graft from a donor (twin sister). Fifteen pregnancies and eight live births were 

reported for participants receiving fresh ovarian transplantation. Two studies that 

included five or more participants receiving fresh transplants were included in meta-

analysis (Figures 12 and 13). Pooled mean for oestrogen before transplantation was 

54.8 pmol/l (SD 7.6) and after fresh ovarian transplant, 403.3 pmol/l (SD 128.3), 

(MD, 307.31; 95% CI: 159.78 to 454.85; z = 4.08; I2 = 0%), as shown in Figure 12.  

Three studies reported FSH in women having received fresh transplants but only two 
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studies described outcomes in women who were menopausal (FSH > 25 IU/L) at the 

time of transplantation (Figure 12). Pooled mean for FSH in these women pre-

transplant was 83.9 IU/L (SD 2.9) and post-transplant 9.1 IU/L (SD 2.1), (MD, 74.65; 

95% CI: -49.91 to 99.39; z = 5.91; I2 0%).   

Figure 12. Oestrogen (pmol/l) in participants having received fresh ovarian 
transplants. E2 = oestrogen, IV = inverse variance) 

 

Figure 13. FSH (IU/L) in participants having received fresh ovarian transplants. 

Duration of graft function 

Duration of the ovarian graft function was reported in 19 studies (181 women). In 15 

studies, the authors reported the exact duration (or median duration if more than one 

patient was reported). The median duration of function was 2.5 years (IQR 1.4 to 3.4 

years), range 0.7-5 years. The mean age at cryopreservation for this group of 

women was 27.1 years (SD 6.8). A further three studies including 26 women with a 

mean age at cryopreservation 30.3 years (SD 2.5), reported a range with pooled 

duration of function being 1.2-7.7 years. A case series of three participants who 

                 

Post fresh transplant 
Oestrogen pmol/l 

Pre fresh transplant
Oestrogen pmol/l 

Oestrogen (pmol/l)

Inverse Variance, Fixed, 95% CIInverse Variance, Fixed, 95% CI

           

Post transplant FSH Pre transplant FSH

FSH (IU/L)

Inverse Variance, Fixed, 95% CIInverse Variance, Fixed, 95% CI
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received fresh ovarian transplants (patient’s own ovary) between the ages of 1-5 

years experienced menarche as well as 13-15 years of duration of function. (33) 

Outcomes based on factors that affect fertility and likelihood of return of endocrine 

function  

Age at ovarian tissue retrieval for cryopreservation  

It was found that out of 735 women included in the review, age was provided for 319 

women at participant level data. Of these, 283 had their ovarian tissue retrieved for 

cryopreservation at ≤35 years of age. A subgroup of four studies that reported data 

on participants age at cryopreservation and transplantation (Figures 14 and 15) were 

included in meta-analysis. We found that pregnancy rates were higher in participants 

in whom ovarian tissue was cryopreserved at ≤35 years of age, with results being 

statistically significant (Odds Ratio, 0.35; 95% CI: 0.13 to 0.92; z = 2.13; P 0.03, I2 = 

0%). Return of hormonal function is shown as a decrease in FSH and was lower in 

the group that had ovarian tissue frozen at ≤35 years of age (MD, 4.38; 95% CI: -

4.29 to 13.05; z = 0.99; P 0.32, I2 = 0% (Figure 14).  
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Figure 17. Comparison of post-transplant FSH in participants who received 
chemotherapy before cryopreservation to those who did not.  

 

Figure 18. Comparison of pregnancy rates in participants who received 
chemotherapy before cryopreservation to those who did not.  

 

Type of cancer 

The five most common cancers at participant level included breast cancer, cervical 

cancer, non-Hodgkin’s lymphoma, ovarian cancer and sickle cell anaemia. There 

was insufficient IPD across the cohorts to be able to perform a meta-analysis and 

provide pregnancies and live birth rates based on type of cancer. The sums of 

pregnancies and live birth rates in women with the five most common cancers based 

on IPD are described in Table 6. Of all the cancer cases reported, we found no live 

births in women who had suffered with cervical cancer. Given that cervical cancer 

affects women of reproductive age, transplanting cryopreserved ovarian tissue may 

help with symptoms of early menopause. To assess endocrine function, we 

             
     

FSH post transplant 
in participants with
anti-cancer therapy

FSH post transplant 
in participants without
anti-cancer therapy

Inverse Variance, Fixed, 95% CIInverse Variance, Fixed, 95% CI

FSH (IU/L)

              
    

Anti-cancer therapy 
before cryopreservation

No anti-cancer therapy 
before cryopreservation

Inverse Variance, Fixed, 95% CIInverse Variance, 
Fixed, 95% CI

Pregnancies Total no. of
participants

Pregnancies Total no. of 
participants
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fragments, pieces, biopsies or sections. Not all authors reported a 3-dimensional 

measurement of the ovarian graft. Owing to the variation in size of the ovary and 

follicular count at baseline, it is not possible to estimate the optimal amount of tissue 

for achieving desirable reproductive and hormonal outcomes.  

Slow freezing versus vitrification 

In our review we found 13 cases in whom vitrification was used to cryopreserve 

ovarian tissue (34–36). Five pregnancies and two live births were reported. Based on 

the data available, meta- analysis showed that the cumulative pregnancy rate for 

ovarian tissue cryopreserved using slow freezing was 37% as compared to 

vitrification, which was 44% (Figures 20 and 21).   
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28.5) post transplantation. Oestrogen at pre transplantation and post-transplant was 

reported in 33 of the 175 participants. Mean oestrogen before transplant was 104.9 

pmol/l (SD 143.7) and post-transplant 387.5 pmol/l (SD 419.6). Fifty-two pregnancies 

and 34 live births have been recorded from transplant onto the remaining ovary.  

Pelvic side wall or peritoneal pocket 

Ovarian tissue was transplanted onto the pelvic side wall or peritoneal pockets in 

184 women. Oestrogen levels at baseline and post-transplant were described in 22 

participants. The mean oestrogen level before transplant was 207.5 pmol/l (SD 

245.1) and post-transplant 1204.4 pmol/l (SD 1164.3). FSH was reported in 25 

participants, with mean pre-transplant FSH of 58.8 IU/L (SD 38.5) and post-

transplant 14.4 IU/L (SD 13.2). Forty-one pregnancies and 37 live births were 

reported. 

Transplant onto two sites: pelvic side wall and remaining ovary 

Fifty participants had their ovarian tissue transplanted in the pelvic peritoneum as 

well as the remaining ovary. The mean oestrogen level pre transplantation in these 

participants was 172 pmol/l (SD 144) and post-transplant 1922 pmol/l (SD 3257.9), 

reported in 14 participants. FSH was reported in 24 participants with mean pre-

transplant 84.7 IU/L (SD 47.6) and post-transplant 20.5 IU/L (SD 21.1). Twenty-eight 

pregnancies and 10 live births were reported.  

Transplant onto three sites: pelvic side wall, remaining ovary and abdominal wall  

Eight participants received ovarian transplantation in three sites during one 

operation. FSH was reported in seven participants with a mean of 62.9 IU/L (SD 
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28.1) pre transplant and 10.8 IU/L (SD 8.5) post-transplant. There was insufficient 

data to report on oestrogen post transplantation. Four pregnancies and one live birth 

were reported.  The rest of the transplant sites (abdominal, subcutaneous and 

intramuscular) are described in Table 8.  

  





 

79 
 

 

al. 2019; Povoa et 
al. 2016; Radwan 
et al. 2016; 
Kodama et al. 
2010; Diaz-Garcia 
2018, Roux 2019 

Pelvic side 
wall/periton
eum + 
remaining 
ovary 

50 14, 
172(144), 
1922(3257) 

24, 
84.7 (47.6) 
20.5 (21.1) 
 

28 10 Greve et al. 2012; 
Imbert et. Al 2014 
Schmidt et al. 2011; 
Donnez et al. 2006; 
Donnez et al 2011; 
Gook 2019; Suzuki 
et al. 2019; 
Beckmann et al. 
2017; Akar et al. 
2011; Ernst et al. 
2013; Fabbri et al. 
2014; Fajau-Prevot 
et al. 2017; 
Mathews et al. 
2018; Milenkovic et 
al. 2017; Radford et 
al. 2001; Revel et 
al. 2011 
 

Pelvic side 
wall + 
abdominal 
wall + 
remaining 
ovary 

8 - 7, 
62.9 (28.1) 
10.8 (8.5) 
 

4 1 Greve et al. 2012; 
Schmidt 2005; 
Schmidt et al. 2011; 
Anderson et al. 
2008 

Intramuscul
ar (IM) 

6 - - - - Oktay 2003; Hilders 
et al 2004; Laufer 
2010; Tammiste 
2019 
 

Subcutane
ous 

14 - - 4 3 Oktay 2011; 
Bystrova 2019; 
Callejo 2001; Kiran 
2004 
 

Submuscul
ar 

3 - - - 1 Callejo 2001; 
Tammiste et al. 
2019 

 

Risks of surgery 

The included studies did not report any specific complications related to ovarian 

transplantation other than those of gynaecological laparotomy and laparoscopic 

surgery. The only complications reported thus far were those of skin infection and 

injury to surrounding organs (37–39). The largest dataset from ‘FertiProtekt’ network 
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(a collaborative network of German speaking countries) that included 71 

transplantations in 58 participants did not highlight any ovarian transplantation 

related complications (32). 

Risk of subsequent cancers in the ovarian graft 

Through our literature search, we found two cases of cancers reported in the 

transplanted ovarian graft.  A case report diagnosed the recurrence of granulosa cell 

tumour in a patient at caesarean section delivery. The patient had not received any 

adjuvant chemotherapy before oophorectomy for ovarian tissue cryopreservation 

(40). In another case, a patient who was treated for Ewing’s sarcoma and had 

ovarian tissue cryopreserved before receiving chemotherapy, presented with an 

ovarian mucinous cystadenoma in the transplant (41). 

Worldwide activity 

The ovarian tissue cryopreservation and transplantation procedure was noted to be 

the most prominent in Europe, especially in Belgium, Denmark, France, Germany 

and Spain. A collaborative network of German speaking countries called 

‘Fertiprotekt’ which includes Germany, Switzerland and Austria, forms one of the 

largest databases of ovarian cryopreservation and transplantation procedures. 

Figure 19 displays the worldwide activity. 
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Figure 22. Worldwide ovarian transplantation activity based on cases reported in the 
literature. Note: The blue pins represent the countries that have specialised centres 
offering ovarian tissue transplantation. The number of ovarian transplant cases in 
various countries that are published are as follows: Argentina (1), Australia (37), 
Belgium (26), China (1), Denmark (80), Estonia (1), France (162), Germany (92), 
Holland (1), India (3), Israel (24), Italy (5), Japan (8), Korea (12), Poland (1), Portugal 
(1), Prague (2), Russia (13) Spain (71), Sweden (3), Taiwan (1), Turkey (3), UK (3), 
USA (38), Multi centre collaborations (65).  
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Discussion 

This meta-analysis includes data from 568 women at individual level, as well as 

study level, and suggests that ovarian reproductive and endocrine function could be 

restored using fresh or frozen-thawed ovarian transplantation. The pooled results 

show a significant decrease in FSH and LH, and an increase in oestrogen post 

ovarian transplant. The median time to return of FSH to a value of <25 IU/L was 19 

weeks, that of LH to a value of <15 IU/L was 19.5 weeks and menstruation was 18 

weeks. A total 189 live births were reported in this systematic review. Two recent 

cohort studies that included 67 participants reported greater than 50% pregnancy 

rates and more than 40% live birth rates (39,42). Our IPD meta-analysis, however, 

showed that the live birth rate from frozen-thawed ovarian transplants is 28%, which 

is in keeping with a recent study published by Dolmans et al. 2021 and previous 

systematic reviews (6,43–45). The meta-analysis also showed that the live birth 

rates from fresh transplants was 45% (95% CI 23-86%). However, it is not possible 

to comment on the difference between fresh and frozen transplants owing to the very 

small sample size of fresh transplants. Although more miscarriages are reported in 

the fresh transplant group, sample size is extremely small for a comparison with 

frozen-thawed transplants. There is limited evidence on whether cryodamage or loss 

of follicles post transplantation result in less favourable oocytes being fertilised and 

hence the pregnancy ending in miscarriage. The evidence however suggests that 

the main concern when transplanting tissue is the loss of follicles caused by 

ischemia when retransplanting and hence the delay in revascularisation (46). Further 

research is required to explore whether there is an increased risk of miscarriage from 

fresh ovarian transplants. Furthermore, pregnancy rates were noted to be higher in 

participants in whom ovarian tissue was cryopreserved at ≤ 35 years. The results 
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also suggest that higher concentrations of oestrogen are achieved when pelvic sites 

and more than one site is used for transplantation. Whether the ovarian tissue is 

transplanted onto the remaining ovary or pelvic peritoneal pockets, a similar number 

of live births was achieved (34 live births for transplant on to remaining ovary and 37 

if transplanted at a close proximity to the ovary in a peritoneal pocket). It was 

estimated that ovarian grafts had a median duration of function of 2.5 years (IQR 1.4 

to 3.4, range 0.7-5 years). This should be interpreted with caution, however, as the 

duration of graft function may correlate with the number of transplantations. 

Moreover, the procedure of ovarian tissue retrieval and transplantation is safe and 

the only risks associated are known intraoperative and postoperative complications 

for operative gynaecological laparoscopy and laparotomy (32). Likely variables such 

as the amount of the tissue transplanted and follicle density which may influence 

oestrogen level, longevity of function and pregnancy could not be assessed owing to 

a lack of, or variable, information reported. We found that most centres used slow 

freezing as a method of ovarian tissue cryopreservation with only 13 cases reported 

using vitrification. Evidence of pregnancies being achieved shows that vitrification 

could be considered as a method of cryopreserving ovarian tissue. A systematic 

review and meta-analysis conducted to assess the proportion of morphologically 

intact tissue after cryopreservation showed vitrification to be superior to slow freezing 

(47). However, the protocols used for vitrification vary significantly and are not 

validated to support a change in practice. The data therefore needs to be interpreted 

with caution as further studies are required to draw definitive conclusions.   

Although most centres will perform a unilateral oophorectomy for fertility preservation 

in women who require gonadotoxic anti-cancer therapies, through this review we 

were not able to ascertain whether this alone puts young girls and women at risk of 
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premature menopause (entering menopause before the age of 40 years).  There is 

evidence to suggest that unilateral oophorectomy appears to reduce the age of 

menopause by 1-1.8 years (48–51). As for the reproductive outcomes in women who 

have undergone unilateral oophorectomy, recent evidence suggests that for 

unassisted reproduction, the outcomes were similar to those with two ovaries but 

when using ART, reduced live birth rates were reported. This is relevant  and 

reassuring for healthy women who wish to preserve their fertility for social reasons, 

and who may be worried about their fertility if wishing to try naturally (51). 

Chemotherapy before tissue retrieval, although reported in a small number of women 

having tissue transplanted, did not appear to compromise ability to conceive and 

achieve a live birth, which is very encouraging. This evidence is also supported by a 

recent study where the authors conclude that anti-cancer therapy before 

cryopreservation should not be considered a contraindication to opting for this 

method of fertility preservation (42). Many experts have commented on the 

possibility of recurrence of primary cancer or even emergence of new cancer in the 

ovarian graft (52,53). Although patients with cancers that have a high chance of 

recurrence should be treated with caution, in cases of recurrence it is not always 

possible to prove that the cancer definitely originated in the transplanted graft.  

 When examining the type of cancer and related pregnancies and live births 

achieved, it was interesting to note that no pregnancies were achieved in the cervical 

cancer cohort: this in keeping with a recently published study in which no 

pregnancies were reported in this group either (43). A study conducted by Anderson 

et al. (2018) showed that the pregnancy rates were noted to be the lowest in women 

suffering from cervical cancer as compared to other cancers (standardized incidence 

ratio = 0.34, 95 % CI: 0.31-0.37) (54). Cervical cancer affects relatively young 
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women and there has been a steep increase in the incidence of cervical cancer in 

recent years (55). Fertility preservation in females with cervical cancer is usually 

achieved by surgery (radical trachelectomy) but is only offered to those with early-

stage disease, a good prognosis and ideally those who do not require adjuvant anti-

cancer therapy in addition to surgery (56). This limits the candidature for fertility 

preservation in this cohort. Furthermore, there is evidence to suggest that treatment 

for cervical cancer (radiotherapy or chemotherapy) compromises uterine function as 

most women would need to undergo radiotherapy involving the uterus, resulting in 

fibrosis and scarring (55,57). There is also evidence to suggest that the dose and 

site of radiation (pelvic or total body) significantly impacts pregnancy outcomes (57). 

Women who have had a fertility-sparing surgery may therefore still not be able to 

conceive (58). Offering fertility preservation in this cohort needs to be carefully 

considered as they may not be able to conceive despite standard methods of fertility 

preservation before treatment. The return of hormonal function in this cohort, 

however, is promising and perhaps ovarian tissue cryopreservation could be 

considered to preserve hormonal function in these women. Furthermore, there is 

much debate as to whether AMH is valuable in predicting pregnancy and live birth 

rates in women undergoing OTC. Our data suggests that having a low AMH pre-

transplantation does not predict a poor reproductive outcome in young girls and 

women who want to consider ovarian tissue cryopreservation as a method of fertility 

preservation. Ideally one needs to measure AMH pre-retrieval, pre-transplant and at 

various time points post-transplant to be able to accurately predict pregnancy and 

live birth rates. Another factor to consider is the assay used for analysing the blood 

test, that adds further confounding to the results. For the reasons mentioned, the 
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predictability of reproductive outcomes based on AMH alone should be interpreted 

with caution.  

Additionally, through this review we found that more pregnancies were achieved 

naturally as compared to using ART. Furthermore, recent studies have shown 

promising results from IVM of immature oocytes in ovarian cortical grafts. A study 

conducted on ovarian cortical tissue from 25 women demonstrated an unexpectedly 

high number of metaphase II (MII) oocytes being generated without stimulation (59). 

This gives further hope to many young girls and women who cannot undergo ovarian 

stimulation before chemotherapy, for achieving motherhood from ovarian tissue 

cryopreservation and transplantation. 

Ovarian tissue cryopreservation and transplantation may still be deemed as 

experimental by some centres, however many experts are now considering the 

potential use of this procedure in clinical practice and offering it as a routine fertility 

preservation method (60–62). Evidence suggests that ovarian tissue 

cryopreservation may be particularly applicable to pre-pubertal girls and those at 

high risk of POI who require immediate gonadotoxic anticancer therapy and cannot 

wait for oocyte retrieval (63,64). As per recommendation by the American Society for 

Reproductive Medicine, ovarian tissue cryopreservation is an acceptable technique 

for preserving fertility and is no longer considered experimental (61). A fertility 

preservation guideline recently published by the ESHRE also recommends offering 

ovarian tissue cryopreservation in patients undergoing moderate to high risk 

gonadotoxic treatment, if patient prefers this method over oocyte and embryo 

freezing (65). A guideline by the British Fertility Society (BFS) on fertility preservation 

for medical reasons in females describes the limitations of this technique when 
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applied to adolescents and children. With increasing evidence of live births and 

return of endocrine function however, the BFS concludes that ovarian tissue freezing 

should be considered in pre-pubertal girls (63,66). The BFS committee also agreed 

on the advantages of this technique with regards to the possibility of natural 

conception (especially if the ovarian tissue is transplanted in the pelvis, close to the 

fallopian tube) and proposed its use in post-pubertal patients, especially if oocyte 

cryopreservation is not possible. Furthermore, the possibility of continued hormone 

production from these transplants in order to prevent menopause has been 

emphasised by various experts in the literature (7,66,67). Therefore ovarian 

transplants could also potentially be used as cell-based hormonal replacement 

therapy.  

 

Strengths  

We performed a comprehensive search of the literature and synthesised the 

evidence from all studies available in this systematic review. While previous reviews 

have shed light on the outcomes of this procedure in the form of reproductive or 

hormonal function, the results have mainly been restricted to frozen-thawed 

transplants. This is the first systematic review that included outcomes from both 

fresh, frozen and donor ovarian tissue transplantation using unique IPD meta-

analysis. Through a broad literature search, we identified all the reported ovarian 

transplant cases in addition to adding participant-level data through collaboration 

with centres that are established in providing this procedure. We also considered 

grey literature that includes an account of unsuccessful cases in various centres, 

conference proceedings and unpublished cases. This allowed inclusion of 87 studies 
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and 735 women. To our knowledge, this is the largest collation of ovarian tissue 

transplantation outcomes to date. Our meta-analysis model can be updated, as such 

having the potential to create a worldwide network of ovarian cryopreservation and 

transplantation activity.  

Furthermore, various relevant outcomes that determine reproductive and endocrine 

function, such as age at cryopreservation and transplantation technique, were 

analysed in addition to the time of return of hormonal function to premenopausal 

levels. We were also able to collate the outcomes based on disease, chemotherapy 

prior to tissue retrieval, and site of transplant.  

Limitations 

Most of the studies included small numbers of participants, which reduces our 

confidence in true success rates of this procedure. In some studies, hormonal 

function was described as being assessed immediately before tissue retrieval 

whereas others assessed on the day of transplant, just prior to the procedure. For 

studies that did not explicitly describe the timing of hormonal tests, it is not possible 

to assess accurately the premenopausal status before the transplant. Also, in 

women having a remaining ovary, albeit menopausal, there is uncertainty regarding 

residual hormonal function from that ovary. Many studies also failed to mention the 

longevity of the graft to give an accurate estimate of the hormonal lifespan of the 

ovarian tissue. We were also unable to calculate the time to pregnancy. Not all 

pregnancies were conceived naturally and so it was not possible to predict how long 

it would have taken to conceive naturally. Through this review, 45 cases of fresh 

ovarian transplants were identified but meta-analysis was only possible for two 

studies with a very small sample size (four women). Although the results were 
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reassuring in terms of decreasing FSH to a level of <25 IU/L and levels of oestrogen 

increasing to >200pmol/l, it was not possible to make a comparison with frozen-

thawed transplants owing to such a small sample size.  

Furthermore, clinical heterogeneity of the studies included in the meta-analysis 

resulted in weakness in our analysis. To overcome this, we endeavoured to gather 

IPD from authors and six centres agreed to provide this and further clarification. 

Collecting IPD was one of the significant challenges of this project. In order to help 

authors who may have a lack of time, funding or organisational support, we offered 

assistance in data collation and also sent them an outcome spreadsheet to assist 

with data collection (68). From the 10 authors and centres that did not share data, six 

did not respond to emails despite reminders and four centres informed us that they 

were awaiting further publications or were simply not keen on collaboration despite a 

positive initial response. A scoping review that involved assessing the outcomes of 

IPD requests found that for academic studies eligible for IPD requests, only 33% 

provided the data (69). We have managed to acquire data from 38% of the centres. 

Furthermore, we had requested data for 493 participants, from centres that had 

previously reported cohorts of five or more patients: we received data for 220 

patients from six centres, which gives us a response rate of 45%. But despite the 

novelty of IPD meta-analysis on this topic, it has its limitations. When more than one 

publication originated from the same centre, population or cohort, there was a 

possibility for double counting the patients. For this reason, reports were individually 

assessed by two reviewers independently to identify and remove duplicates.  This 

was also double checked by cross referencing and contacting the authors directly for 

clarification, and with the most recent or complete publication being selected. To 

ensure that the IPD and aggregate samples were a random sample from the 
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population of interest, we compared the studies and conducted a meta-analysis of 

reproductive outcomes. We found that the live birth rate for studies that provided 

aggregate data was 28% (95% CI 23-35%) compared to that for IPD, which was 

30% (95% CI 23-38%). This supports the assumption that the data are missing at 

random and the ones that did not provide IPD are not systematically different from 

the ones that provided it (Appendix 2, 3 and 4).  

Despite the efforts of gathering IPD, due to the heterogeneity of the included studies, 

the available outcome measures in this study need to be interpreted with caution. In 

this review, we measured the success of ovarian transplantation using various 

outcome measures such as pregnancy rate, live birth rate and return of hormonal 

function however there are limitations to these outcome measures that can impact 

the clinical interpretation of study results. Reproductive outcome measures such as 

pregnancy and live birth rate in women (whether undergoing cancer treatment or not) 

are affected by many factors such as age, the quality of oocytes, extent of damage 

to the ovaries from gonadotoxic treatment etc. Although we have conducted a meta-

analysis to provide pregnancy and live birth rates, the data used is largely 

heterogenous. Similarly, endocrine outcome measures using hormone levels such 

as FSH, LH and AMH were measured at different time points and may not have 

accurately detected changes in the ovarian reserve and fertility potential. 

Furthermore, although we endeavoured to provide reproductive outcomes based on 

markers of ovarian reserve such as FSH, it should be noted that FSH is not a 

predictor of live birth in patients who undergo OTC. While FSH is used as a marker 

of ovarian reserve and can provide information about a woman's fertility potential, it 

is not a reliable indicator of the likelihood of achieving a successful pregnancy. Other 

factors such as age, AMH, overall health, and the type of gonadotoxic treatment 
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used, need to be considered when assessing a woman's fertility and likelihood of a 

successful pregnancy. 

Lastly, the ovarian transplant procedure is carried out worldwide in different centres 

with variable protocols and some degree of heterogeneity is to be expected. This 

review also highlights how this procedure is currently provided, showing lack of 

consensus in the delivery of this technique as well as an urgent unmet need for a 

worldwide registry.  

Implications for clinical practice 

Through previous publications and this review, we can conclude that ovarian tissue 

transplantation has shown promising results in preserving ovarian reproductive and 

endocrine function. This procedure should no longer be considered experimental, 

and it should be offered to women who wish to preserve their fertility out of the 

research context. The potential use of transplants in preserving hormonal function is 

an area that needs to be explored further. There is currently no robust guidance for 

clinicians or patients about this procedure and its potential uses. With its potential 

use in alleviating menopausal symptoms and improving quality of life, there is an 

urgent unmet need for a robust policy and standard. The results of this review will 

hopefully guide clinicians in advising women about the benefits and shortcomings of 

this procedure until a formal guideline is produced. 

Implications for further research 

Further data with larger studies that include participants with results that were not 

successful need to be included to give an accurate success rate of this procedure. 

Furthermore, a robust guideline for the optimal size of the tissue graft and surgical 
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procedure for retrieval and transplantation of ovarian tissue needs to be produced to 

guide centres with this technique. There is also an urgent unmet need for a 

worldwide registry to provide a database that records all cases of ovarian 

transplantation. Lastly, predefined outcome sets need to be determined to ensure all 

randomized control trials, cohort studies or case series report similar outcomes for 

ovarian transplantation.  
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Preamble 
 
The original study was given favourable opinion by research and ethics committee 
on 30th November 2018. 
 
A substantial amendment was sought and approved on 5th June 2019. 
 
A further non substantial amendment was sought and approved on 6th March 2020. 
 
Due to the COVID-19 pandemic, it was not possible to follow up patients. A 
substantial amendment was therefore sought so that patients could be followed up at 
any time point when presented for their appointment. The amendment was granted 
on 19th February 2021. 
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Abstract 

Background: Many women undergo surgery for removal of either their ovaries or a 

significant part of the ovaries for non-malignant indications for example 

endometriosis and ovarian cysts. Consequently, total or significant loss of ovarian 

function can occur and cause premature menopause and permanent fertility loss 

with significant compromise on quality of life. Although hormonal replacement 

therapy (HRT) is the only available treatment for premature menopause, frozen 

thawed ovarian transplantation has been shown to return ovarian endocrine function 

in women with cancer as well as those with benign conditions. Furthermore, fresh 

ovarian transplantation has been used previously and can potentially prevent 

menopausal symptoms by providing endogenous hormones. The aim of this study 

was to assess the return of ovarian endocrine function in patients having undergone 

fresh ovarian tissue transplantation.  

 

Methods: Participants undergoing unilateral or bilateral oophorectomy, who had 

consented to ovarian tissue transplantation were approached to take part in this 

study. Hormonal function was assessed at follow up appointments over a 2-year 

period using blood tests: follicle stimulating hormone (FSH), luteinizing hormone 

(LH), progesterone and anti-mullerian hormone (AMH). Graft viability was assessed 

using ultrasound scans. Symptoms of menopause were assessed using the quality 

of life questionnaire (MenQol).  

 

Results: This observational study included 14 women aged 29 to 45 (Mean 36.1 

years, SD 3.9) who underwent fresh ovarian autotransplantation to preserve 

hormonal function in a tertiary hospital. The size of the graft was approximately 
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10x10x1mm. Participants had follow up blood tests that included FSH, LH, oestrogen 

and progesterone as well as ultrasound scans to assess follicular activity in the 

ovarian graft. At 6 months, oestrogen post transplantation was recorded in five 

patients, four of whom had oestrogen levels of <100pmol/l before surgery. The mean 

oestrogen level post-transplant was 334.2pmol/l (SD 187.2pmol/l). FSH at 6 months 

was reported in five participants. Mean baseline FSH was noted to be 3.4 IU/L (SD 

1.7). Mean FSH post-transplant was 18.9 (SD 15.3). The mean age of participants in 

this cohort was 35.6 years (SD 1.9). LH was also reported in 5 participants. Mean 

baseline LH was 2.02 IU/L (SD 2) and post-transplant 14.1 (SD 12.5). Longer follow 

up was only available for 2 participants (loss to follow up and lack of appointment 

availability due to the pandemic).  

 

Conclusion: Elevated levels of oestrogen post-surgery indicate preservation of 

ovarian endocrine function using fresh ovarian autografts. Return of ovarian 

endocrine function using ovarian transplants needs to be explored further as it could 

help with symptoms of menopause in young women undergoing bilateral 

oophorectomy. Further research should include larger sample sizes and observation 

over longer periods of time to ascertain how long the grafts will work for. Future 

research is also required to assess the best transplantation techniques, optimal graft 

sizes and transplantation site to provide adequate hormone levels to prevent early 

onset of menopause. 
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Introduction 

Premature ovarian insufficiency (POI) 

 

Premature ovarian insufficiency is defined as amenorrhea which is caused by loss of 

ovarian function before the age of 40. Premature ovarian insufficiency affects 1% of 

women under 40 years and 0.1% of women under 30 years in the UK. (1–3) 

Premature ovarian insufficiency is different to natural menopause in that 

management options and patient needs vary considerably.  

 

Causes of POI 

Various causes of POI have been described and divided into those that appear as 

primary amenorrhea or those that result in secondary amenorrhea (depending on if 

occurred before or after menarche). Pre-menarche POI could be caused by 

chromosomal abnormalities or genetic defects such as Turner’s syndrome, whereas 

POI post menarche could be due to iatrogenic factors such gonadotoxic anti-cancer 

therapy or surgery, but many causes remain unknown. (1,4) In premenopausal 

women, surgical primary ovarian insufficiency (POI) is the most common cause of 

ovarian hormone deficit. (5) 

 

Iatrogenic POI 

Ovarian failure as a result of medical treatment is termed iatrogenic POI. 

Interventions such as chemotherapy, radiotherapy or surgical removal of ovaries can 
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result in POI. Young women may undergo bilateral oophorectomy for issues like 

prevention of breast and ovarian cancer, pelvic pain and severe endometriosis, 

which results in early onset of menopause. For non-malignant diseases such as the 

ones mentioned above, there is often variation in practice when conducting bilateral 

salpingo-oophorectomies (BSO). (6) To avoid ovarian cancer from occurring later in 

life, bilateral salpingo-oophorectomy is typically offered at the time of hysterectomy 

for non-malignant conditions. (6) However, because of the possible risks associated 

with the loss of ovarian hormone production, this treatment is increasingly being 

advised against. (6) It is estimated that about 23% of women between ages of 40-44 

undergo elective BSO with hysterectomy. (7,8) There is a fine balance to be 

achieved between offering BSO considering the age and risks of malignancy. (5)   

 

There is evidence to suggest that surgical menopause is linked to worsened 

symptoms from oestrogen depletion such as hot flushes, night sweats, vaginal 

dryness and loss of libido, as compared to natural menopause. (9) One reason for 

this is the abrupt loss of ovarian function as compared to the gradual onset with 

natural menopause. (9,10) Women who experience ovarian insufficiency as a result 

of oophorectomy therefore present a unique situation which can often be debilitating 

for young women.   

The need for bilateral oophorectomy in benign gynaecological conditions 

Although it is recommended that healthy premenopausal ovaries be retained unless 

there is a risk of ovarian cancer, it is not always possible to do so. Non-oncological 

reasons for oophorectomy include pelvic pain, endometriosis and benign ovarian 
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masses. Young women in particular who suffer with severe endometriosis and pelvic 

pain usually opt for bilateral oophorectomy as a last resort. (11)  

Consequences of surgical POI 

Depletion of oestrogen as a result of POI increases the risk of osteoporosis, 

cardiovascular disease, cognitive decline, loss of libido, dementia, and a concomitant 

increase in morbidity and mortality. (2,3) Women with ovarian conservation before 

the natural age of menopause, have a reduced long-term risk of cognitive decline 

and dementia compared to women who undergo bilateral oophorectomy. (7,12–14) 

Symptoms experienced during surgical menopause are similar to those experienced 

by women who develop POI due to other reasons, however, iatrogenic POI involves 

a more rapid development of symptoms due to abrupt deficiency of oestrogen, 

progesterone and testosterone, and a disruption of the hypothalamic-pituitary-

ovarian axis. (10) One study that compared the health-related quality of life in 

women having undergone surgical menopause, with those who had natural 

menopause, found that symptoms of menopause were worse in women after 

surgical menopause. (15)   

Treatment options for POI 

Therapy choices and patient needs for premature ovarian insufficiency differ from 

those for typical menopause. Currently the only treatment options for young women 

with POI are either the combined oral contraceptive (COC) or hormone replacement 

therapy (HRT), with HRT being the only option for women undergoing surgical 

menopause. A Cochrane review conducted on the topic of post-surgical HRT for 

women with endometriosis concluded that exogenous hormones could potentially 
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result in further pain and disease recurrence. Although the notion should not deprive 

young women from using HRT, further studies are required to make definitive 

assumptions. (16) 

HRT for women with surgical menopause 

Although HRT is currently the best recognised pharmaceutical option for aiding with 

symptoms of menopause, there is evidence to suggest that oestrogen alone cannot 

counteract the symptoms of menopause. Various preparations of HRT are available; 

however it is not suitable for all women, especially who are well below the age of 

natural menopause as they may require higher than usual doses. (17)  

Ovarian tissue transplantation (OTT) as a means of endogenous hormone 

production 

A recent fertility preservation technique of ovarian tissue cryopreservation (OTC) and 

transplantation (OTT) that has shown promise in returning reproductive function in 

women, has also been shown to return ovarian endocrine function. (18–23) The 

systematic review conducted on the topic (Chapter 2) also alludes to the potential of 

return of endocrine function using ovarian transplants. Use of ovarian transplants for 

endocrine function alone however is not reported widely.  

Fresh ovarian autografting 

Leporrier et al. 1987 described whole ovary transplantation to the forearm of a 

patient with Hodgkin’s disease, to avoid pelvic irradiation to the ovary. This new 

technique provided successful outcomes for patient as resumption of menstruation 

as well as follicular growth were noted.  Since then, there have been many cases of 
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fresh ovarian tissue transplantation, successful in restoring fertility and endocrine 

function. (24–30) One study in particular described a case series of 25 women who 

underwent fresh and frozen ovary transplantation where FSH levels returned to 

normal and menstrual cycles resumed in all women. Live births were also reported. 

(27,31) Although fresh autografts are expected to be just as effective in restoring 

ovarian function as cryopreserved tissue, the role of fresh autografts in preserving 

ovarian endocrine function is explored in only a handful of studies. Donnez et al. 

reported fresh ovarian autografting in women with severe endometriosis, where 

histological examination revealed survival of primordial follicles. (32) This however is 

the only study that reports using fresh autografts for a benign disease. The list of 

fresh ovarian transplants as reported in the literature are displayed in Table 9.  

Table 9 Reported cases of fresh ovarian transplantation. 

Study Number 
of 
reported 
cases 

Type of 
fresh 
transplant  

Disease/Reasons 
for transplant 

Site of transplant Outcome 

Leporrier 
et al. 
1987(24) 

1 Autograft 
(whole 
ovary) 

Hodgkin’s disease  
 

Forearm Menstruation and 
follicular 
development 

Marconi 
et al. 
1997 
(25) 

1 Autograft 
(accidental 
at surgery) 

Endometriotic cyst Abdominal wall 
trocar site 

Follicular growth 

Almodin 
et al. 
(2015) 
(33) 
 

1 Donor  POI Recipient ovary Return of 
hormonal function 
and follicular 
development. No 
pregnancy 
reported 

Oktay et 
al. 2003 
(28) 
 

2 Autograft  Stage IIIB 
squamous cell 
cervical carcinoma, 
n =1 Recurrent 
benign ovarian 
cysts, n =1 
 

Subcutaneous  Return of 
hormonal function 
and follicular 
development. No 
pregnancy 
reported 

Laufer et 
al. 2010 
(34) 
 

3 Autograft  
 

Wilms tumour  
 

Subcutaneous 
(axilla), n = 1, 
deltoid muscle 
belly, n = 1 

Menarche, 
follicular 
development and 
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Triceps muscle 
belly, n = 1 

return of hormonal 
function  

Kodama 
et al. 
2010 
(35) 
 

1 Autograft  
 

Caesarean 
hysterectomy 
(accidental bilateral 
oophorectomy) 

Retroperitoneum  Return of 
hormonal function 

Kiran et 
al. 2004 
(29) 
 

1 Autograft  
 

Fibroids Anterior 
abdominal wall 

Return of 
hormonal function 
and follicular 
development 

Donnez 
et al. 
2010 
(36)  
 

3 Donor POI due to: 
Beta-thalassemia 
major, n = 1 
Homozygous sickle 
cell anemia, n = 1 
 
Acute myelogenous 
leukemia, n = 1 
(all required bone 
marrow transplant) 
 

Not explicitly 
described 

Return of 
hormonal function 

Hilders 
et al. 
2004 
(37) 
 

1 Autograft  
 

Cervical cancer Upper arm Not given 

Donnez 
et al. 
2011 
(38) 
 

1 Donor 
 

Turner syndrome Ovarian hilus Restoration of 
ovarian activity 
and pregnancy 
 

Donnez 
et al. 
2005 
(32) 
 

2 Autograft  
 

Severe 
endometriosis 

Peritoneal window 
(pelvic side wall) 

Follicular growth 

Callejo 
et al. 
2001 
(39) 
 

3 Autograft  
 

Fibroids Subcutaneous 
(arm) = 2 
Rectus abdominis 
muscle = 1 

Return of ovarian 
endocrine function 

 
Silber et 
al. 2005 
(26) 
 

1  Donor POI Medulla of the 
recipient  
 

Return of ovarian 
endocrine 
function, follicular 
development and 
live birth 

Silber et 
al. 2008 
(31) 
 

8 Donor POI = 7 
Acute lymphoblastic 
leukaemia =1 
 

Medulla of the 
recipient  
 

Return of ovarian 
endocrine 
function, follicular 
development and 
live births 

Zhai et 
al. 2016 
(40) 
 

1 Autograft  
(in vitro 
activated) 
 

POI Beneath the 
serosa of both 
fallopian tubes  
 

Follicular growth 
and hormonal 
function (although 
modulated with 
GnRH agonists for 
ART) 
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Yin et al. 
2009 
(41) 
 

1 Autograft  
 

Uterine fibroids and 
dense pelvic 
adhesions 
 

Subcutaneous 
tissue of the 
Pfannenstiel 
incision  
 

Preservation of 
ovarian endocrine 
function and 
follicular 
development 

Sanchez 
et al. 
2007 
(42) 
 

12 Autograft  
 

Fibroids = 10, 
endometrial polyps 
= 1, menorrhagia = 
1 

Medulla of the 
contralateral ovary  
 

Preservation of 
ovarian endocrine 
function and 
follicular 
development 

 

The fresh autografting procedure was approved to be applied clinically at 

Birmingham Women’s Hospital as a new procedure, and an alternative for ovarian 

conservation in women with endometriosis. Through this study we aimed to preserve 

ovarian endocrine function by transplantation of fresh ovarian cortical strips during 

routine bilateral oophorectomies. For young women undergoing oophorectomies, this 

was thought to be their only hope of endogenous hormone production from the 

ovary, preventing POI and its symptoms. The aim of this study is therefore to assess 

the effectiveness of fresh ovarian transplants in women undergoing BSO for benign 

disease.  

Methods 

Study Design 

This was an observational study of women having surgery that was likely to lead to 

significant compromise of ovarian reserve (for e.g. oophorectomy or ovarian 

cystectomy for endometriosis). These women had healthy strips of the ovarian cortex 

removed and implanted into a peritoneal fold, subdermal or vaginal with the aim to 

preserve ovarian function. Women with documented menopause or POI were 

excluded. All women were offered baseline tests for their hormone profile (follicle 

stimulating hormone (FSH), Oestrogen, progesterone and luteinising hormone (LH) 

as part of their routine care and anti-müllerian hormone (AMH) where available. 
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Women were also requested to complete a validated quality of life, menopause 

specific questionnaire at follow up appointments (in person, virtually or over the 

phone, electronically or by post).  

 

Inclusion criteria 

● Women 

● Age: 18-45 years 

● Undergoing surgery (or having undergone surgery previously) for the removal 

of one or both ovaries and received fresh ovarian transplantation 

● Patients will be offered tests and investigations prior to the surgery: FSH, LH, 

oestrogen, progesterone and AMH (if possible) and ultrasound scan (USS) for 

visibility of follicles and if possible follicular count 

 

Exclusion criteria:  

● Women suffering from menopause or premature ovarian failure (this did not 

include patients on GnRH agonists) 

● Women younger than 18 or older than 45 years. 

● Women who require fertility treatments. 

● Women who are pregnant at the time of the study investigations. 

● Women who are participants in other interventional studies or trials. 

● Women suffering from cancer 
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Consent process 

The notes of all the women who are attending the clinic were screened. Women with 

the potential of removal of one or both their ovaries were given the patient 

information sheet whilst they waited. The doctor or research nurse in Gynaecology 

outpatient clinic verified eligibility for participation in the study, provided verbal and 

written information and instructions about the study and obtained written consent. If 

during consultation it was confirmed that these patients were to have a surgery for 

removal of their ovaries, they were invited to take part in the study. If the patient had 

any questions, they were answered during consultation. If the patient required time 

to consider participation, the consent was sought either on the day of the surgery or 

at a follow up appointment. All participants were consented before the COVID-19 

pandemic. For patients that had ovarian transplant surgery before this study 

commenced but not recruited previously, were also approached during their follow 

up appointment (telephone, virtual or in person). These patients had the option of 

completing the consent form in person, over the phone, electronically or by post. 

Recruitment strategy is shown in Figure 23. 

Surgical technique 

The steps of ovarian tissue retrieval and transplantation are as follows (Figure 24): 

1. Patient was prepared for routine laparoscopic surgery  

2. Vasopressin is injected into the ovarian cortex followed by a stay stitch to 

manipulate the ovary  

3. Curved micro scissors were then used to remove the cortex  

4. The medulla is carefully dissected, and the cortex is trimmed to 1x1cm (1mm 

thick) 
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5. The tissue was transplanted back to the pelvic side wall using two to four 

simple inverted stitches.  

 

Follow up  

Hormonal function was assessed at follow up appointments, over a 2-year period 

using blood tests; FSH, LH, progesterone and AMH. The follow up was to be done at 

two time points with blood tests, ultrasound assessment of the ovarian autograft and 

assessment of menopausal symptoms using a validated quality of life questionnaire 

(Menqol). Any patients suffering with menopausal symptoms were started on HRT 

and not included in the analysis. Graft viability was assessed using an ultrasound 

scan. Due to the COVID-19 pandemic, an amendment was sought due to 

appointments being held virtually or over the phone.  
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Results 

Participants 

Twenty-one patients were assessed for eligibility and 14 were recruited to the study. 

Of the 14 patients, 13 had a laparoscopic approach to the surgical procedure and 

one had an open abdominal approach. Four patients had unilateral oophorectomies 

but two of them had previously had an oophorectomy. Originally the patients were to 

be followed up at 6 and 12 months but due to availability of clinic appointments, an 

amendment was sought, after which patients were followed up when they came for a 

routine outpatient appointment with their clinical care provider.  

The mean age at transplantation surgery was 36.1 years (SD 3.9). Underlying 

reasons for surgery were endometriosis and pelvic pain. The study flow chart is 

shown below (Figure 25). 
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Figure 24. Fresh ovarian autografting technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

After routine entry into the abdominal cavity, vasopressin is injected into the ovarian cortex followed 
by a stay stitch to manipulate the ovary. 

Curved micro scissors are then used to 
remove the cortex.  
 

The medulla is carefully dissected, 
and cortex trimmed to 1x1cm (1mm 
thick).  
 

The tissue is transplanted back to pelvic side wall 
using two to four simple inverted stitches. 
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Figure 25. Study flow chart. 

 

 

 

 



 

129 
 

 

Sites of grafts 

All grafts were cut to approximately 10 x 10 x 1mm in size by the surgeon before 

transplantation. Seven patients (50%) had transplantation to left pelvic side wall, five 

(36%) to right pelvic side wall and two participants (14%) had transplantation to more 

than one site (one participant with transplantation to left pelvic side wall, 

supraumbilical, port site and one to left pelvic side wall and subcutaneous tissue in 

abdomen).   

Outcomes  

6 month follow up 

Seven patients were followed up at 6 months before the COVID-19 pandemic. The 

graft did not work for one patient, and she was already on HRT at this stage (patient 

3).   

 

Follicle stimulating hormone (FSH) and Luteinizing Hormone (LH)  

FSH at 6 months was reported in five participants. Mean baseline FSH was noted to 

be 3.4 IU/L (SD 1.7). Mean FSH post-transplant was 18.9 (SD 15.3). The mean age 

of participants in this cohort was 35.6 years (SD 1.9). LH was also reported in the 

same five participants. Mean baseline LH was 2.02 IU/L (SD 2) and post-transplant 

14.1 (SD 12.5). Below, Figure 26 shows a graphical representation of FSH at 

baseline (before the transplantation procedure took place in these patients) and at 6 

months follow up.  
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Figure 30. Evidence of follicles in the transplanted ovarian autograft (patient 2).  

 

 

 

 

 

 

Lastly, due to the COVID-19 pandemic, patients were lost to follow up which resulted 

in lack of quality-of-life questionnaires being completed. Only four participants 

completed the questionnaire at 6 months post-surgery. Of the four participants that 

completed the questionnaire, two (50%) reported hot flashes and night sweats, 1 

(25%) reported vaginal dryness and 1 (25%) reported experiencing poor memory. No 

participants reported lack of sexual desire and only 1 (25%) reported avoiding 

intimacy.  

 

Discussion 

 
Through this study it is demonstrated that women with chronic pelvic pain and 

endometriosis, in whom ovarian conservation is not an option, fresh ovarian 

autografting could potentially preserve ovarian endocrine function. The use of 

ovarian tissue autografts to preserve endocrine function has been applied previously 

however not in women of reproductive age who suffer with endometriosis. 

(27,29,33,35,41) It is recommended that premenopausal women with low genetic 

risk of ovarian cancer should have their ovaries preserved. (43) Ovarian 

conservation however is not always possible due to reasons including benign 
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ovarian tumours, tubal ovarian abscess that is not resolved with antibiotics, adnexal 

torsion resulting in necrosis and endometriosis. (44) In a small cohort of women 

where this applies, fresh ovarian autografting could therefore offer a potential 

solution. In this study it is demonstrated that although the FSH and LH remained 

high after the transplant, return of oestrogen and graft visibility was seen in 

participants at follow up, proving the proof of concept. Evidence suggests that 

bilateral oophorectomy results in a sudden depletion of ovarian hormones resulting 

in severe menopausal symptoms. (9,10,44,45) Transplantation of ovarian autografts 

either at orthotopic sites (within the pelvic cavity) or heterotopic (outside the pelvic 

cavity) may help counteract the abrupt loss of ovarian endocrine function. The 

results from quality-of-life questionnaire demonstrate that 50% of the participants 

reported hot flashes and night sweats, but symptoms such as vaginal dryness and 

poor memory were only reported in 25% of participants. Additionally, no participants 

reported lack of sexual desire. The results from the questionnaire suggest that in the 

short term, ovarian grafting has the potential to help with symptoms of menopause.  

For women in whom ovarian conservation and HRT is not an option, or they prefer 

not to conserve their ovaries or take HRT, fresh ovarian grafting could help provide 

endogenous oestrogen, bridging the gap until the natural age of menopause. 

 

Strengths of the study  

 

Previously ovarian autografting had only been applied in young girls and women with 

no previous other gynaecological conditions. Additionally, ovarian autografting works 

as an alternative to HRT, does not require additional surgery, and allows for 

endogenous hormone production. While the initial sample size may have been 
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considered small, this holds its own advantages including addressing the research 

question in a shorter space of time as needed with this study, obtaining ethical 

approvals, and testing a novel hypothesis with limited resources, money, patients, 

etc. As a proof of concept, it has been demonstrated that ovarian autografting in 

women with endometriosis, can potentially preserve ovarian endocrine function.  

Limitations of the study 

Selection bias is a potential limitation in this study due to the lack of follow-up for 

many patients. The Covid-19 pandemic made it harder to follow up with patients in a 

timely manner, as most patients had their follow-up during lockdowns when only 

emergency admissions were seen at the hospital providing ovarian transplantation. 

Even after clinics resumed, there was a backlog of new patients to be seen, which 

further delayed follow-up appointments. Because many patients were not followed 

up, the study sample may not be representative of the broader population of patients 

who undergo ovarian transplantation, potentially introducing selection bias. As a 

result, the findings of this study may not be generalisable to the broader population 

and should be interpreted with caution.  

 

Furthermore, the study was initially set to recruit participants prospectively however 

due to the pandemic this was not possible, and an amendment was sought. 

Outcomes were therefore collected retrospectively from patients that met the 

inclusion criteria, and which may have caused inappropriate exclusion of 

participants, further adding to selection bias. 
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Implications of findings 

Young women who suffer with endometriosis and pelvic pain do opt bilateral 

oophorectomies (17,45,46). This depletion in oestrogen results in iatrogenic 

menopause. Pharmacologic treatment, such as HRT, is an option, although it may 

not be appropriate for many young girls and women, and it is not without side effects. 

(5,17,45) Additionally, in women under the age of 50, bilateral salpingo-

oophorectomy with non-malignant hysterectomy has previously appeared to be 

linked to an increase in all-cause mortality. (6) This study fills an identified gap in the 

literature by reporting a case series on ovarian autografting in women with benign 

gynaecological conditions such as pelvic pain and endometriosis. This study 

demonstrates the success in return of ovarian endocrine function as depicted by an 

increase in oestrogen post fresh ovarian autografts in women of reproductive age. 

The novel technique used in this study could potentially provide an alternative to 

HRT for select patients who want to maintain endogenous ovarian endocrine 

function.  

Unanswered questions and future research 

While this study design can provide preliminary results, further research is necessary 

to demonstrate and explore this issue more directly through replicated studies with 

larger sample sizes, meticulous follow up of participants receiving ovarian 

transplants and follow up for a longer period. The effect of HRT versus fresh ovarian 

autografts is another area of research that needs to be explored further. Especially 

the quality of life in young women after BSO and ovarian transplants needs to be 

assessed, and whether ovarian transplants could provide a smoother transition into 

natural menopause in comparison to those taking HRT.  
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Conclusion  

Data on ovarian autografting are increasingly encouraging as evident by the return of 

oestrogen and presence of follicles in the ovarian grafts months after post 

transplantation. Fresh ovarian transplants have the potential to maintain endocrine 

function in a select group of women in whom HRT is not a feasible option. The study 

has started laying the foundations of understanding, and the current research will 

provide important and novel information, especially regarding use of ovarian 

autografts as an alternative to HRT in young women. Future research needs to be 

focused on longer term follow up to assess the longevity of the graft and optimal 

transplantation sites. 
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CHAPTER 4: EXPERIENCES OF YOUNG GIRLS AND WOMEN UNDERGOING 

OVARIAN TISSUE CRYOPRESERVATION: A SYSTEMATIC REVIEW AND 

THEMATIC SYNTHESIS 
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A version of this chapter is published in Psychosomatic Journal of Obstetrics and 

Gynaecology. 
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cryopreservation: a systematic review and thematic synthesis. J Psychosom Obstet 
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Abstract 

The aim of this study was to explore the experiences of young girls and women who 

underwent or considered ovarian tissue cryopreservation (OTC) using a systematic 

review of qualitative studies with thematic synthesis framework. Major electronic 

databases: MEDLINE, EMBASE, the Cochrane Library, CINAHL and PsycINFO 

were searched from 1946 to May 2020 and reference lists of relevant articles were 

hand searched. Any studies that described a qualitative inquiry and highlighted the 

experiences of women with regards to OTC were included. Two independent 

reviewers (H.K. and H.W.) screened the title and abstracts and made a selection 

against inclusion criteria. Main outcomes measures were experiences of women who 

have considered and/or undergone ovarian tissue cryopreservation (OTC), decision 

making in women who underwent or considered OTC and patient education. 

Nineteen studies were assessed for full text eligibility and four were included in 

analysis. 144 verbatim quotations from 85 participants in high income countries (UK, 

USA and Denmark) were included. Two studies adopted grounded theory approach, 

one phenomenology and one inductive content analysis. Four themes were 

generated; participants described their experiences as emotional, involving complex 

decision-making, helping them prepare for the long-term consequences of potentially 

losing their fertility and hormonal function, as well as their experience being 

educational. Additionally, the more practical aspects of the procedure such as OTC 

being invasive as well as costs implications were highlighted. Women and young 

girls are often involved in making time-sensitive decisions whether or not to undergo 

OTC. Healthcare professionals involved in the care of young girls and women 

undergoing this method need to also take into consideration the emotional wellbeing 
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of the patients as well as the time and expertise it requires to help them make an 

informed decision.  

Key words: Female fertility preservation; ovarian tissue cryopreservation; 

experiences; qualitative research; thematic analysis 
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Introduction 

Ovarian tissue cryopreservation (OTC) is an emerging method for fertility 

preservation that has been utilised by thousands of young girls and women 

worldwide, whether they are treated for cancer or benign gynaecological conditions 

(1-3). While some experts still consider OTC experimental, many stakeholders and 

policy makers are exploring the possibility of routinely using this procedure for 

women and prepubertal girls (4,5). However, there remains limited information on the 

patient experience of this procedure, despite technical advancements over the past 

two decades. 

 

Initially developed as a fertility preservation option for young girls and women with 

cancer, OTC has since been used in women with non-malignant diseases who are at 

risk of premature menopause (3,6-8). OTC involves retrieving a portion of the ovary 

and freezing it in liquid or vapour nitrogen. The tissue is typically collected before the 

administration of gonadotoxic anti-cancer therapy and transplanted once treatment is 

completed. The first live birth resulting from OTC and transplantation was reported in 

2004 (9). Since then, over 200 live births have been reported globally (1,7,8). OTC 

has provided comfort to many young girls and women, particularly because it 

remains the only fertility preservation option for prepubertal girls. 

 

Recent improvements in treatment, prognosis, and quality of life post-cancer 

treatment have sparked greater interest in post-treatment fertility. Many individuals 

seek information from their healthcare providers as their primary source of 

information, while others rely on online resources (12). However, the adequacy of 
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information provided to young girls and women to make informed decisions has been 

criticised, highlighting the need for improvement when discussing fertility 

preservation (10,11). Compared to embryo and oocyte cryopreservation, OTC is a 

newer alternative method of fertility preservation that warrants further investigation to 

better understand how women and young girls make decisions about undergoing the 

procedure. Although several studies have been conducted to provide success rates, 

technique-related information, patient satisfaction surveys, and healthcare providers' 

opinions on the matter (1,2,11,15-19), quantitative methods may not provide 

sufficient depth on their own. Qualitative methods, on the other hand, aim to 

comprehend lifestyle, systems, policies, and human environments through human 

interaction, as opposed to the analysis of numbers and statistical figures (20). 

Synthesising qualitative research enables data to be combined across various 

contexts, and ultimately allows researchers to create new theoretical or conceptual 

models, identify research gaps, inform primary studies, and provide evidence for the 

development, implementation, and evaluation of health interventions (20). Despite 

OTC's well-developed scientific potential, the qualitative evidence remains limited. 

This review was conducted to shed light on women and young girls' experiences of 

undergoing OTC for fertility preservation and their interactions with healthcare 

professionals. 

Methods 

The protocol was registered on the International Prospective Register of Systematic 

Reviews (PROSPERO) Database (registration number: CRD42020192882). The 

review was guided by recommendations to enhance transparency in reporting the 

synthesis of qualitative research (ENTREQ) as described in Appendix 10 (21,22). 

The ENTREQ statement aids researchers to report aspects of the steps which 
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searched. Any studies that described a qualitative inquiry and highlighted the 

experiences of women with regards to OTC were included. Abstracts retrieved 

through the search were first screened to remove duplicates. Subsequently, two 

independent reviewers (H.K. and H.W.) screened the title and abstracts and made a 

selection against inclusion criteria. This was followed by the screening of full text 

articles by two reviewers. Any further articles identified through hand searching and 

that were deemed relevant by either or both of the reviewers were also included in 

the full-text review. Disagreements were resolved with the help of a third reviewer 

(AT) until consensus was reached. 

Quality assessment and appraisal 

 
All included studies were critically appraised using ‘The Critical Appraisal Skills 

Programme’ CASP qualitative checklist (24) and are displayed in Appendix 12. All 

the studies were appraised for their validity, evaluation of the methodological quality 

and an assessment of external validity. Critical appraisal was conducted 

independently by two reviewers (H.K. and H.W.). The findings from the two 

reviewers were compared and any disagreements were discussed and re-reviewed. 

The studies included were assessed as high quality. All included studies had clearly 

described aims and the qualitative methods employed in all the studies were 

appropriate. Although the data were collected to address the stated research 

questions, the relationship between researcher and participants was not described 

and only two studies discussed recruitment details such as data saturation (25,26). 

One study reported that ethical approval was not required (as per their national 

legislation) however the study was attested by their Regional Committee on Health 

Research (27).
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Data extraction 

A data extraction form was developed a priori in Microsoft Excel to facilitate data extraction.  

One review author (H.K.) extracted and charted all the data, the second author (H.W.) then 

verified the extracted data. Any differences were resolved through discussion until 

consensus was reached. If differences were not resolved by discussion, a third reviewer 

(A.T.) was approached. Extracted materials were based on the inclusion criteria and a 

framework of predefined outcomes of interest. Information gathered from the selected 

studies included: author; year of publication; country of study; study type; setting; relevant 

background and impetus for the study; methodological approach and specified methods; 

patient characteristics and demographics; main findings including themes and narratives 

relating to the experience of OTC and key relevant discussion points. Data were mainly 

analysed (coded) by one reviewer, but regular meetings were held with the review team to 

ensure that the extracted data appropriately reflected the original data. 

Data synthesis 

The process of thematic analysis and meta-synthesis process as described by Thomas and 

Harden (2008) was used and involved the following steps (28). 

Step 1: Coding 
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Data from primary studies were coded line by line and examined for meaning. This helped 

identify the translation of codes between studies. An Excel spread sheet was used to 

organize the extracted descriptive and qualitative data.  

Step 2: Theme development 

The codes generated in step 1 were assessed for meanings. These meanings were further 

organized into categories. The properties of these categories were then analysed.  

Step 3: Theme generation 

Categories generated were compared between studies and any similarities or difference 

was examined. Similar categories were merged such that substantive themes were 

generated merging higher-level constructs. This enabled the development of higher order 

abstractions of the phenomena. 

Results 

Included studies 

Through our literature search, we found 17 potential studies, but only two studies were 

eligible for inclusion in the analysis. Two further studies, including an unpublished doctoral 

thesis, were found through hand searching. Four studies were included in the thematic 

analysis, representing experiences of 85 females in the form of 144 verbatim quotes. The 

included studies were conducted in Denmark, UK and two in USA. The age range of the 
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participants at the time of interview was 13-42 years, with all participants undergoing the 

procedure as a fertility preservation option due to cancer. The study design included two 

studies that adopted the grounded theory, one phenomenology and one inductive content 

analysis. The characteristics of included studies are given in Table 11. A Preferred 

Reporting Items for Systematic Reviews and Meta- Analyses (PRISMA) diagram of the 

search and study selection is presented in Figure 31. 

Table 11. Study characteristics table for included studies. 

Author 
Year 
Country 

Aim(s) Sample/Population Study 
design/methods 

Findings/Themes Specific 
outcomes 

Quality 
appraisal 
score 

M tche  et 
a . 2020 
USA 

To determ ne 
pat ents’ 
know edge 
and fee ngs 
about the r 
cryopreserved 
ovar an t ssue 

8 fema es 
Mean age at the 
t me of nterv ew = 
25.8 ± 6.1 (Range 
19 37 years) 
Mean age at OTC = 
20.4 ± 
7.5 (range 13 35 
years) 

Qua tat ve 
nterv ew study, 
nduct ve content 
ana ys s 
(generat on of 
themes) 
 

Lack of 
understand ng 
Fert ty ntent ons 
Hormona  funct on 
Fee ngs about 

OTC (pos t ve and 
negat ve) 
 

Ident f cat on of 
s gn f cant 
know edge gap 
among pat ents 
w th cryopreserved 
ovar an t ssue, 
about ts uses, 
benef ts as we  as 
a strong des re for 
mproved pat ent 
educat on. 

H gh 

Hershberg
er  
 et a .  
2013 
USA 

To prov de an 
n depth 
descr pt on of 
the dec s on
mak ng 
process that 
women who 
are d agnosed 
w th  
cancer 
undergo as 
they dec de 
whether to 
accept or 
dec ne fert ty 
cryopreservat
on.  
 

27 fema es 
Mean age at the 
t me of nterv ew = 
28.7 (Range 19 40) 

Qua tat ve 
grounded theory 
approach 

Four phases of 
dec s on mak ng 
process 
Ident ty 
Contemp ate 
Reso ve 
Engage 

C ar f cat on of 
under y ng process 
that women w th 
cancer undergo 
about fert ty 
cryopreservat on 
To mprove qua ty 

of care for women 
w th cancer by 
mp ement ng 
appropr ate y t mes 
nformat on and 
ta ored 
deve opmenta  and 
contextua  
counse ng to 
support dec s on 
mak ng. 

H gh 
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Tennyson 
et a . 2017 
(unpub sh
ed thes s) 
UK 

To exp ore 
the ved 
exper ences 
of teenagers 
and young 
adu ts w th 
cancer who 
have been 
offered 
ovar an t ssue 
cryopreservat
on.  
 

8 fema es 
Mean age at the 
t me f nterv ew = 
17.5 (Range 13 22) 

Interpretat ve 
phenomeno og ca  
qua tat ve study 

Sma  procedure, 
b g mean ng 
Improv ng 

adjustment to 
cancer 
Reduc ng the 
mpact of cancer 

To exp ore the 
ved exper ences 

of teenagers and 
young adu ts w th 
cancer who have 
been offered 
ovar an t ssue 
cryopreservat on 
 

H gh 

Bach et a .  
2020 
Denmark 

Futures and 
fears n the 
freezer: 
Dan sh 
women’s 
exper ences 
w th ovar an 
t ssue 
cryopreservat
on and 
transp antat o
n 

42 fema es 
Age range at the 
t me of nterv ew = 
15 42 years 

Qua tat ve sem  
structured n depth 
nterv ews, 
grounded theory 
ana yt ca  
approach 
 

Dec s on mak ng: 
OTC as a  
hope n the dark  
Storage: 

opportun t es n the 
freezer  
Transp antat on: 

nav gat ng r sk, 
chances and 
outcomes  
Surp us t ssue: 

hav ng ‘someth ng 
n the bank’ for the 
future  

Exper ences w th 
OTC and 
transp antat on, 
nc ud ng the r 
ref ect ons on ong
term storage of 
t ssue and the use 
of surp us t ssue  
 

H gh 

  

Figure 31. PRISMA Flow diagram of search and selection strategy. 
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implications and the invasive nature were also highlighted. A schematic representation of 

the generated themes is shown in Figure 32.  

Figure 32. Schematic representation of generated themes. 

 

An emotional experience 

Participants described the process of undergoing fertility preservation as very emotional. 

There was a great deal of overwhelm, but the idea of ‘banking’ something for the future 

formed part of a sense of hope for the future, about survival and was reassuring.  

Overwhelmed by diagnosis and future fertility prospects 
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For women of childbearing age, the diagnosis of cancer can come with bad news about 

losing their potential for motherhood. Women described this as very challenging and an 

added burden to their disease.  

‘Everything was happening in a whirlwind.’  

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 2) 
 

‘…it was devastating, absolutely devastating.’  

(Hershberger et al., 2013, p. 63) 
 

Emotional resilience, being pragmatic and survivorship 

Some participants dealt with the situation pragmatically, thinking of the next steps and 

sometimes making difficult choices.  

‘Then comes cancer. Alright, you know what, we can handle this. We’re 
educated enough, that, you know what, this is not all dead set. This is a 
bump in the road and we will face it head on and we’ll fight, and years from 
now we’ll look back and it’ll be a memory. And that’s okay. But then you tell 
us on top of it, that we can’t have children. We can’t have a family ...you 
know, as tears rolled down my cheeks–which was not me what-so-ever–I 
can deal with the cancer, but throw this [loss of fertility] on top of it and it 
was devastating, absolutely devastating.’  

(Hershberger et al., 2013, p. 63) 
Optimism and being grateful for having the option  

Participants described the feelings of having undergone OTC as something that had 

provided hope, reassurance and an opportunity to ‘save’ their future.  
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‘Gave me one less thing to worry about with everything else going on’  

(Tennyson, 2017, p. 86) 
Pessimistic about OTC procedure 

Ovarian tissue cryopreservation is an invasive procedure requiring surgery and some 

participants felt this might impact their already deteriorating health. Participants found it to 

be an aggressive cure for preserving fertility. Also, the fact that they heard ‘stories’ of 

women who had conceived despite having chemotherapy somewhat challenged their view 

about the necessity for fertility preserving intervention.  

“If I were to go back, I'm not sure if I would have said yes…because I know 
of many stories of women who received chemotherapy and didn't have any 
problems reproducing after that. 

 (Mitchell, Whiting-Collings, & Christianson, 2020, p. 3) 
Attitudes of young adults towards fertility preservation 

The analysis included young participants, most of whom described being coerced into 

having the ovarian tissue cryopreservation procedure. They felt they were too young to 

make these decisions and something they had not thought about before.  

‘I was a little mad about having to do it when I didn't have any interest in 
having kids.’  

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3) 
 

‘but my parents were very adamant like 'maybe you'll change your mind in 
the future', but I didn't really care.’  

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3) 
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Complex decision-making  

Participants appeared to find decision making about fertility and dealing with the news of a 

cancer diagnosis complex. Although their diagnosis was something they did not have 

control over, a decision about fertility preservation, provided a sense of being in charge of 

their destiny. Ovarian tissue cryopreservation was therefore seen as autonomous although 

it meant making time-sensitive decisions often with the support of family, friends and input 

from healthcare professionals. 

 Autonomy 

Participants felt that the option of preserving fertility gave them a sense of control over 

their body. This was described in various ways as some participants felt empowered whilst 

others felt some coercion that the decision was made for them and they had to conform.  

‘[it] let me have some control’ 

 (Mitchell, Whiting-Collings, & Christianson, 2020, p. 2) 
 

‘It was about having the option. That I regained a bit of free will..’  

(Bach, Macklon, & Kristensen, 2020, p. 558) 
 

In contrast another participant described how she perceived that the decision was 

determined by whether she already had children and she just complied but ultimately was 

appreciative:  
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‘It was like “Do you have a child?” “No, I do not.” “Okay, you have to go to 
the fertility clinic.” I actually didn't have a lot of influence on that. And 
today, I mean, I'm really happy about that, because I think if I had to think 
about it... the pros and cons, then I don't know what I would have done.’  

(Bach, Macklon, & Kristensen, 2020, p. 558) 
 

Many of the young girls in the included studies that were diagnosed with cancer had not 

considered the consequences of their illness or made a connection between cancer 

treatment and threat to future fertility. Often the decision to preserve fertility was taken by 

their parents or guardians and made some feel that their autonomy was taken away.  

‘you’re just told like you don’t really have an option’  

(Tennyson, 2017, p. 87) 
 

Support network in decision making 

The complex decision-making involved support from family, friends and advice of the 

health care professional. Some participants felt if it was not for this support network, they 

might have not made the decision to go for OTC.  

‘She (my mother) was the one – her and my dad – were the ones who 
helped me make a lot of the big decisions.’ 

 (Hershberger et al., 2013, p. 64) 

‘[Being offered OTC showed] how kind of how important you are to the 
medical team and how much they care for you.’  

(Tennyson, 2017, p. 84)  
 



 
 
 
 
 
 
 

164 
Student ID:  
PhD Met+Sys Re T Lab A300       
 
 
 
 
 
 

Time sensitive decisions  

Participants also felt that they were making decisions sometimes under immense 

pressure. This was primarily due to the urgency of starting anti-cancer treatments. 

‘It’s tough to make this decision under the gun.’  

(Hershberger et al., 2013, p. 64) 

Preparing for the long-term consequences 

Women saw ovarian tissue freezing as something that gave them a future, which involved 

surviving cancer and leading a ‘normal’ life. It also meant exploring what fertility meant and 

how they defined themselves as having, or not, a reproductive identity. For most 

participants, this was something they had not previously considered. It was evident that to 

some participants, fertility seemed to form a significant part of womanhood. 

Female reproductive identity 

Some participants regarded fertility as an important characteristic of being a female. It was 

not something they considered might be endangered as a result of a cancer diagnosis and 

anti-cancer therapies. Ovarian tissue cryopreservation gave these participants the option 

of preserving this aspect of ‘femaleness’ after they became aware that it was at risk. 

Undergoing OTC meant making a choice that would have consequences beyond the here 

and now. 

‘It was like having the possibility of reclaiming my body or reclaiming my 
life including all the choices I had. So, it was not tied to a specific wish to 
have another child in that way.’  
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(Bach, Macklon, & Kristensen, 2020, p.  558) 
 

Participants recognized that banking ovarian tissue might help long term with symptoms 

caused by hormonal imbalance and not just fertility. Many expressed concerns about 

developing treatment related early onset of menopause and the ovarian tissue provided 

security, hope for the future, a future that might involve living a ‘normal life’ with children.  

‘I was pretty insistent about wanting the last part of my tissue implanted. 
And if they couldn't find room, apparently my ovary is pretty small, which 
they always grumble about... then they could put it wherever, because I 
had, you know, a feeling like I had to have my body assembled again. I 
mean, that it had to be whole again in some way.’  

(Bach, Macklon, & Kristensen, 2020, p. 562) 
 

In the account above, women conceptualized wholeness or intactness closely with fertility 

and normality.  Whereas in contrast some focused on the assault of the removal and 

transplant of the ovarian tissue as an invasive procedure, removal of what constituted a 

woman and how in retrospect she should not have opted for it. 

‘I mean it is kind of a drastic procedure, I feel. You know you're removing 
like a piece of woman's you know reproductive or hormonal system down 
there.’  

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3) 
 

Fertility was seen as precious and now threatened ‘One of those things that you take 

for granted.’ (Tennyson, 2017, p. 82), and the option of ovarian tissue cryopreservation 

offered a consolation that softened the cancer diagnosis. Although fertility preservation 
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was a small part of dealing with cancer, it nevertheless contributed to the wellbeing of 

women after treatment.  

Concerns regarding future fertility prospects 

The potential for loss of fertility was concerning and causing further anxiety in addition to 

dealing with a cancer diagnosis.   

‘That… has been a paralyzing fear of mine - not getting pregnant.’  

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3) 
Other anxieties were related to costs associated with restoring the tissue.  

‘Anxiety… because you don't know if it’s going to work, you don’t know if 
you're going to be able to use that tissue, you don't know if financially you 
will have resources’  

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 2) 
 

It also reinforced the damaged identity brought by cancer, causing further disruption with 

life-long consequences and unexpected losses. 

‘One of the things that startled me the most when I was diagnosed was how 
it might affect my fertility. Not because I may never be able to bear a child, 
which I want to do, but because it made me realize how this diagnosis was 
going to be truly life changing and could affect me the rest of my life.’ 

 (Hershberger et al., 2013, p. 62) 
 

Whereas others could reconcile future loss by getting through the cancer journey and 

surviving. Fertility preservation was secondary, put away temporarily and thought about in 

the future (especially for younger participants).  
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‘is this even what I should be worrying about. [?]… should I just be 
focusing on getting better?’ 

 (Tennyson, 2017, p. 86) 

Patient education 

Ovarian tissue cryopreservation is a relatively new fertility preservation method and only 

offered by a limited number of centres. Our analysis highlighted the lack of information 

provided about this new technique to the participants. A number of study participants felt 

they had received limited information about follow up, specifically what they needed to do 

when ready to consider re-implantation of the preserved ovarian tissue.  

Lack of information and limited knowledge  

Many participants reported an overall lack of understanding about ovarian tissue 

cryopreservation as a fertility preservation technique. This was highlighted as lack of 

information provided to the participants during fertility preservation counselling. It is 

unclear whether this was due to the fact that these young girls and women had 

discussions about OTC immediately prior to commencing gonadotoxic anti-cancer 

treatment, and that there was often an imperative to make decisions quickly.  

‘Before I tried artificial conception... wow, was I naïve…’  

(Bach, Macklon, & Kristensen, 2020, p. 561) 
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Participants also did not seem to recall the details of the procedure. Some participants 

mistook ovarian tissue freezing for freezing of oocytes due to the complex jargon used by 

healthcare professionals. 

I think they (froze) eggs… Oh, they didn't freeze eggs?  

(Mitchell, Whiting-Collings, & Christianson, 2020, p.3)  
 

‘I was talking to doctors and they were using a lot of jargon’  

(Hershberger et al., 2013, p. 62) 
Active information seeking and need for follow up 

Participants were keen for health care professionals to follow them up to discuss the future 

of their tissue.  At the time of OTC, women were facing a cancer diagnosis, a barrage of 

information and potential decisions about treatment for cancer that included risks to 

fertility. However, their primary concern was the current treatment and not their future 

fertility. After completion of cancer treatment, women started to think more about a future 

that included having biological children and therefore wanted information about OTC and 

its implications at that point. 

‘I have probably been given a lot of information which I have forgotten…’ 

(Bach, Macklon, & Kristensen, 2020, p. 559) 
 

‘It would be helpful if there was patient follow-up-whether that be 
something as simple as a newsletter, or a quarterly email, or just 
something biannual that patients could know about what is happening’.  
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(Mitchell, Whiting-Collings, & Christianson, 2020, p.3) 
The included studies represented the perspectives of a wide range of female participants 

of different ages. Lack of knowledge appeared more pronounced in the younger group. 

This seemed to be related to fertility and risks of infertility not imagined.   

‘I think I just assumed growing up that everyone can have kids’.  

(Tennyson, 2017, p. 80)  
 

And a second issue was the complexity of the information presented.   

‘Maybe they need someone to break it down in a way that I can understand 
for people who are younger’.  

(Mitchell, Whiting-Collings, & Christianson, 2020, p. 3) 
 

Participants therefore expected healthcare professionals to follow them up meticulously as 

most of the information provided before the OTC procedure was forgotten.  

Discussion 

In this review, we included four studies that highlighted the experiences of young girls and 

women undergoing ovarian tissue cryopreservation. The results were analysed using 144 

verbatim quotes from 85 participants. We identified four themes associated with 

experiences of young girls and women who underwent or considered ovarian tissue 

cryopreservation. The experiences were described as emotional, involving complex 

decision-making, educational and helping them prepare for the long-term consequences of 

potentially losing their fertility and hormonal function.  
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Evidence suggests that there is a great variability across studies when it comes to patient 

satisfaction in relation to receiving infertility related information associated with cancer 

(29). Our results echo these findings as most participants would have liked more 

information before making a decision to undergo ovarian tissue cryopreservation. We 

found that overall, participants did not understand the technical aspects of the ovarian 

tissue cryopreservation procedure. They also did not seem to remember much of the 

information provided, mostly because they were under pressure and had to make other 

decisions in relation to cancer treatment. The European Society of Human Reproduction 

and Embryology (ESHRE) in their recent guideline on fertility preservation makes a strong 

recommendation for clinicians to provide patients with clear information on the impact of 

their disease (cancer or benign) and treatments on fertility (30). This must also include 

decisional aids where required. Previous systematic reviews highlight the need for the 

provision of decision aids as early on as a week after diagnosis in the fertility preservation 

process (31). There is evidence to suggest that participants preferred written information in 

addition to oral information such as leaflets that they can take home. Relevant websites 

dedicated to fertility preservation have also shown to help patients understand the 

procedure better (29,31,32). Furthermore Anazodo et al. stipulated that having more than 

one form of decision aid helps patients compare fertility preservation options (33). Through 

this study, we found that the information provided to participants at the time of fertility 

preservation needs to be accessible and perhaps in more than one format so it can be 

easily comprehended by all age groups. Most participants were making decisions under 
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pressure and so a healthcare professional trained to conduct these consultations are 

required to have these discussions. We also found that there was a discrepancy in how 

these young girls and women were followed up. Participants felt the need to have a longer 

follow up because they may forget they have a tissue ‘banked’ for future use.  

Furthermore, younger participants expressed frustration towards how the information was 

provided and the use of medical jargon. Through this review we found that lack of 

knowledge and information was more pronounced in the younger patients. The ESHRE 

guideline on fertility preservation also stressed the need for providing age-specific 

information, although this has only been considered as a ‘good practice point’ (30). 

Another study that examined the provision of oncofertility care globally, recommended 

age-specific information as being useful for young adolescents. We however suggest 

providing clear, age-specific information to young adolescents as absolutely necessary. 

Furthermore, since younger participants were unable to fully understand the impact of their 

disease on fertility, their parents or guardians were having to make these decisions on 

their behalf. Most young participants therefore felt frustrated with being infantilized, as if 

their autonomy was taken away. Interestingly, none of the included studies mention the 

use of Gillick competence or equivalent fitness and whether these were considered in 

participants before making fertility preservation decisions (34,35). 

Overall, participants felt grateful for having the option of ovarian tissue cryopreservation 

especially since oocyte cryopreservation was not a feasible option for them. Participants 
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also highlighted how making decisions under pressure was not always possible without the 

support of family and friends. Healthcare professionals in particular played an important 

role in the decision-making process. All the studies included, stated how input from the 

clinician and nurses as well as how the information about the procedure was provided, 

were key factors in accepting ovarian tissue cryopreservation as a fertility preservation 

option. Evidence suggests that patients find the decision-making process more 

manageable if they have adequate knowledge about fertility preservation options (36). 

Furthermore, women saw ovarian tissue cryopreservation as an opportunity for the future. 

Young girls and women and who had not considered becoming mothers, were suddenly 

faced with the dilemma of being deprived off this right. Being offered ovarian tissue 

cryopreservation was therefore seen as a salvation. Some participants however did 

comment on the invasive nature of the procedure and something they would have 

reconsidered had they had more time and information. We also found that ovarian tissue 

preservation was provided free of charge in two settings (27,37), whereas participants who 

had to pay through their insurance, were worried whether spending all this money will help 

them in the future since there no guarantee they will be able to conceive after 

transplantation (25,26). 

Strengths 

To the best of our knowledge, this is the first systematic review that gathers qualitative 

evidence on the experiences of women undergoing ovarian tissue cryopreservation. 
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Through a robust systematic search and hand searching of grey literature, we included 

four studies in the thematic analysis. Although ovarian tissue cryopreservation is being 

offered widely in specialized centers, patient experience has been limited to survey 

questionnaires only. This review captures various aspects of patient experience as well as 

provides recommendations for future research and guidance that can be applied by 

clinicians in routine practice.  

Limitations 

There was a lack of true qualitative research on the topic of ovarian tissue 

cryopreservation and this limited our analysis to only four studies. Through our literature 

search we found that researchers deemed patient surveys as qualitative research and if 

there were any true qualitative studies, they mainly focused on the views of health care 

professionals rather than women that opt for ovarian tissue cryopreservation. This limited 

us in providing a complete picture of patient experience. In the studies included, all 

participants interviewed were suffering with cancer. These women were primarily focusing 

on survivorship, with fertility preservation playing a small role in cancer survival. 

Furthermore, the possibility of hormonal preservation from this method was only 

mentioned in one study. It is therefore not possible to comment on whether participants 

were, or not informed about this. If they were provided with information about hormonal 

function, we cannot ascertain whether participants simply could not recall this information 

or return of hormonal function was not important to them.  
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Implications for practice  

Ovarian tissue cryopreservation should be provided by specialised centres only, with 

healthcare professionals particularly trained in carrying out consultations related to fertility 

preservation. The decision to undergo this method of fertility preservation for both cancer 

and benign reasons should be taken by a multidisciplinary team of reproductive 

endocrinologists, oncologists, surgeons, psychologists, and nurses. The centres that 

provide this novel technique, should provide participants with written material as well as 

online visual aids (websites and e-learning). There needs to be a robust policy in place for 

follow up of these patients. This may be complex for young girls as they are likely to have 

had their ovarian tissue cryopreserved when much younger. Policy makers need to reach 

a consensus regarding a time frame for follow up for girls who have had their tissue 

retrieved before puberty.  

Furthermore, there is an urgent unmet need for a universal guideline for health care 

professionals involved in the care of women requiring ovarian tissue cryopreservation. 

Various fertility preservation societies have provided guidance on who to offer this 

procedure to, however there is a significant discrepancy in how this procedure is provided 

globally.  

Young adolescents who wish to undergo this procedure pose a challenge for health care 

professionals. This cohort requires particular attention when it comes to the provision of 

information. Additionally, clinicians need to consider capacity and competence in these 
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young girls as well as guidance on when to involve parents in the decision-making 

process. There is currently no robust guidance on assessing capacity and competence in 

young adolescent girls when it comes to considering ovarian tissue cryopreservation as a 

fertility preservation method.  

Lastly, there is a need to establish a global registry and research database to generate 

evidence-based information regarding the return of hormonal and reproductive function 

from transplantation of the cryopreserved ovarian tissue.  

Conclusion 

This study addresses the experiences of young girls and women regarding a new fertility 

preservation method. Ovarian tissue cryopreservation is gaining popularity due to not 

requiring ovarian stimulation and therefore preventing a delay in starting anti-cancer 

treatment. Women who have considered or undergone this procedure have described their 

experiences as emotional, requiring complex decision making and having to make time 

sensitive decisions. Healthcare professionals involved in the care of young girls and 

women undergoing this method therefore need to take into consideration the emotional 

wellbeing of the patients as well as the time and expertise it requires to help them make an 

informed decision. Furthermore, given the novel nature of this procedure, young girls or 

women undergoing this method of fertility preservation should be given clear information 

about what the procedure entails and followed up meticulously.  
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CHAPTER 5: WHY WOMEN CONSIDER OVARIAN TISSUE CRYOPRESERVATION FOR 

PRESERVING REPRODUCTIVE AND HORMONAL FUNCTION: A QUALITATIVE 

ENQUIRY 
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Preamble 

When originally designing the study that would contribute to this doctoral thesis, the plan 
was to undertake a qualitative study to explore with women attending a non-publicly 
funded clinic to discuss OTC. Due to the COVID-19 pandemic, the service temporarily 
ceased, and it was not possible for women to attend the clinic. In order not to miss the 
opportunity to explore why women might consider or understand what motivated those 
who had undergone fertility preservation to choose OTC, amendments were made to 
original protocol. The study described in this chapter presents the views, motivations and 
expectations from women recruited through social media and through online message 
boards who indicated a willingness to discuss OTC or had undergone the procedure. An 
amendment to the original ethical approval, granted on 14/09/2020 (ERN 19-1578A) was 
therefore sought and granted on 19/01/2021, (ERN 19-1578A). 

The protocol for this study has been published in BMJ Open, which is added to the 
appendix (Appendix 19). 

Khattak H, Gallos I, Coomarasamy A, Topping AE. Why are women considering ovarian 
tissue cryopreservation to preserve reproductive and hormonal ovarian function? A 
qualitative study protocol. BMJ Open 2022;0:e051288. doi:10.1136/bmjopen-2021-051288  
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Abstract 

Introduction 
 
Many women who are in a position to control their fertility, are delaying childbirth for 

various reasons including career aspirations, lack of long-term relationships, or not feeling 

ready for motherhood. Currently two established fertility preservation options are 

accessible to women and young girls - oocyte cryopreservation (egg freezing) and embryo 

cryopreservation. Ovarian tissue cryopreservation (OTC) provides another option and 

involves removing sections of ovarian tissue and cryopreserving it for future use. 

Subsequently, often several years later, the ovarian tissue is transplanted back onto the 

remaining ovary, pelvic side wall or subcutaneous tissue sites in forearm. OTC was 

originally developed for women and young girls undergoing cancer treatments that were 

potentially damaging to the ovaries. This technique offers many young girls and women, 

who would otherwise be infertile, the chance at some point in the future, to have biological 

children. In addition to fertility preservation, this surgical technique can also be used to 

restore ovarian endocrine function thus could be used as another strategy for those 

women experiencing premature menopause and associated debilitating symptoms. In 

healthy women, OTC has the potential to prolong time to natural age of menopause 

remaining women are fertile for longer. In theory, endocrine function of ovaries could also 

help transition through symptoms of natural menopause. However, OTC is still considered 

experimental in most countries, is an invasive technique, involving two operations with 
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concomitant risks, and not commonly available in the UK through NHS services could be 

costly. It is, therefore, important to understand perceptions of women who are interested 

in, or have undergone this procedure, and how they view its potential benefits and risks, so 

that evidence-based and women-centred care can be provided for women in the future. 

Methods  
 
This study used a qualitative enquiry approach to explore the knowledge, motivation, and 

decision-making who expressed an interest in and or had sought ovarian tissue 

cryopreservation for fertility or hormonal preservation. A pragmatic approach underpinned 

the theoretical orientation to frame the qualitative study design. Data was collected from 

women who responded after information about the study was disseminated via social 

media platforms, online patient information groups and relevant organisations. Women 

who responded to the call were invited to participate in an in-depth semi-structured 

interview.  

Analysis 
 
Participant interviews were conducted using Zoom software, audiotaped and, if consented, 

video recorded. The recordings were transcribed verbatim and analysed using thematic 

analysis supported by NVivo© software (version12). 

Results 
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Twenty one participants were interviewed (age range 22-43 years) including nine women 

who identified as single, 11 married (or in a long term, stable relationship) and one was 

separated. All 21 participants had undergone formal education to age 18 years. Nineteen 

were university graduates and two were currently attending higher education. All but two 

were employed. Participants were from a range of different ethnic backgrounds. Six 

participants had previously been diagnosed with cancer, five of whom were residents 

outside the UK and had undergone OTC procedure in their resident country. Sixteen 

participants indicated they were interested in OTC for non-medical (social reasons) or had 

awareness of the procedure as a fertility preservation option. Five themes emerged as a 

result of the thematic synthesis: OTC provides another option for female fertility 

preservation, it provides insurance in the future, fertility is not a priority now, awareness 

and availability of OTC procedure and financial considerations if wishing to undergo OTC.  

Conclusion 
 
This study highlights the perceptions of women who have considered or undergone OTC. 

Whether women considered OTC for social reasons or due to fertility ablating cancer 

treatments, OTC was seen as another option of fertility preservation. Key findings included 

participants' concerns about the costs associated with the OTC procedure; although it was 

also argued that it should be made available to those in whom it is the only option for 

fertility preservation or have the means to do so. Lastly, participants who underwent OTC 

procedure (all US based) perceived that not all members of the multidisciplinary team were 

up to date with information about provision of OTC.  
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Key words: Female fertility preservation; hormonal preservation; ovarian tissue 

cryopreservation; decision making; menopause; qualitative; thematic analysis 

Introduction 

Advances in anti-cancer therapies have resulted in an increase in the number of young 

women surviving cancer. A consequence of ovary-damaging treatments as a result of anti-

cancer therapies is that patients may be left subfertile or infertile. (1) The field of fertility 

preservation is evolving, with more practise innovation, service usage, and improved results 

driving the therapeutic landscape forward. Fertility preservation offers women that have 

survived cancer with the chance to have children. (2–4). Advances in fertility preservation 

techniques also means that the advantages presented by fertility restoration may not be 

limited to just women suffering from cancer. Fertility preservation for non-medical reasons 

is termed as ‘elective’ or ‘social’ freezing. In recent decades, the average age of women 

giving birth to their first child has gradually increased. (5) Various reasons have been offered 

to explain this trend including increased levels of participation in higher education, career 

aspirations, lack of suitable partner or sustained relationship with someone who wishes to 

co-parent, and financial considerations. (5–7). Hence some women may wish to consider 

fertility preservation to extend their fertility for social reasons. 

Although oocyte and embryo freezing are well established fertility preservation methods, 

several centres worldwide are now offering a new procedure that involves ovarian tissue 
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cryopreservation (OTC). Unfortunately for women who are starting cancer therapy, oocyte 

freezing can be a lengthy process involving controlled ovarian stimulation that can cause 

delays to initiation of cancer treatment. Ovarian tissue cryopreservation offers an alternative 

option, first used clinically over two decades ago and has been utilised by thousands of 

women worldwide. (8–11) Whilst the availability of OTC has increased since its introduction 

as an innovative technology for female fertility preservation, its availability in the UK remains 

patchy, with only a handful of centres offering this option to national health service (NHS) 

patients. (4,12,13) In the UK, when available, OTC procedures are normally only offered to 

women with cancer prior to fertility ablating treatment. The paucity of the service, paired with 

the small patient group to whom it is available, disadvantages women for whom OTC is the 

only fertility preservation option, for example those needing to start anti-cancer treatment 

imminently. Globally, some centres are offering OTC routinely for the preservation of fertility 

(mainly for women with cancer but also for social reasons as mentioned above) but due to 

OTC requiring trained staff and a dedicated biobank availability is variable. (12,14) Evidence 

suggests that re-implantation of thawed previously frozen ovarian tissue can produce a 

return of hormonal function in women; hence it could be used to preserve hormonal function 

as well. (15,16) In chapter two, we conducted a systematic review and individual patient 

data meta-analyses to address the reproductive and endocrine outcomes from ovarian 

transplantation. Through this study, we found that the live birth rate from OTC and 

subsequent transplantation procedure was 28%. (17) Furthermore, the study also 

highlighted the return of endocrine function from transplanting ovarian tissue. Additionally, 
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ovarian tissue cryopreservation and transplantation procedures have also been used in 

women experiencing premature ovarian insufficiency (POI) to restore reproductive function. 

(18) Therefore, OTC followed by transplantation offers a wide range of women the possibility 

of pregnancy, to have biological children and experience motherhood, in addition to 

preserving and or restoring their hormonal function. Ovarian tissue cryopreservation for 

social reasons or preservation in women experiencing POI, has its critics. (19) However, 

alongside the clinical evidence of benefit, it is also crucial to gain the perspectives of women 

(which hasn’t been previously explored) to enable informed discussion regarding who is 

eligible for or should have access to OTC.  

 

Recently, there has been increased awareness regarding fertility preservation methods and 

they are now also being offered to healthy women who wish to delay childbirth. (20–24) For 

example, age related oocyte preservation is now considered acceptable as a strategy for 

delaying pregnancy for personal reasons, but this technique does not preserve ovarian 

hormonal function. (3,25,26) In comparison to age-related oocyte preservation, OTC has the 

potential to offer women with natural ovarian hormonal function and postponing menopausal 

symptoms. (16,26) Hence there is a need to explore the underlying values, beliefs and 

reasons that motivate women to seek ovarian tissue cryopreservation for hormone-related 

purposes.   
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Methods 

Theoretical framework 

Women have a longer life expectancy as compared with few decades ago and can spend 

nearly half of their lives in menopausal state, which for some mean experiencing debilitating 

post-menopausal symptoms for an extended period of time. (27) Reduced levels of 

oestrogen due to menopause increases cardiovascular risk and osteoporosis, and for some, 

can have a negative impact on mental wellbeing. (28,29) Understanding the acceptability of 

a procedure such as OTC in the imaginations of women who are not yet menopausal but 

may have fertility ‘biological clock’ anxieties warrants attention. One possible explanation for 

using OTC is the notion of future proofing, as OTC offers the potential of hormonal 

‘insurance’. Menopause was once something experienced but not spoken of and is starting 

to increasingly being portrayed as a negative life event in both the medical literature and 

mainstream media. (30–35) This may provide some traction for requests to preserve ovarian 

hormonal function through an interventional approach. Some women may wish to pre-empt 

the anticipated menopausal changes both physically and psychologically, by choosing to 

intervene and prolong their fertility prior to menopause.  How these influences manifest and 

or if they engender a menopausal anticipatory anxiety is currently unknown. 

Theory underpinning decision making  

In behavioural psychology two systems of thinking are described as important in influencing 

the decisions we make; ‘System 1’ thinking is fast, influenced by emotions and is intuitive. 



 
 
 
 
 
 
 

191 
Student ID:  
PhD Met+Sys Re T Lab A300       
 
 
 
 
 
 

This system enables humans to differentiate between danger and safety. (36) In 

comparison, ‘System 2’ is slower and functions through reasoning. It is used as a backup 

and is often difficult to actuate. While ‘System 1’ operates reflexively, normally activation of 

‘System 2’ requires conscious processing. Often these two systems interact with each other 

rather than operate independently, with System 2 overriding System 1 (if it is intermittently 

overruled). The crucial point is when System 1 does not allow for System 2 to take over. 

(37) This concept of fast and slow thinking could be applied to how women may make 

decisions when considering OTC to preserve their fertility or hormonal function. The 

proposition is that women may use system 1 when initially seeking information or attending 

a first consultation about the procedure, whereas system 2 may come into play when a more 

considered decision is required such as when finally deciding whether or not to undergo the 

procedure.  

A concept that may modulate ‘System 1’ or ‘System 2’ thinking in the case of these women 

is that of biographical disruption. Biographical disruption, a term that was first coined in 1982 

by Michael Bury to describe how events or occurrences such as an illness can cause a 

profound change that affects how individuals understand themselves. This has been used 

to understand response to chronic illness where an individual may feel that their condition 

has created a major disruption to their self-identity, causing them to redefine their 

‘biography’. (38) This concept could be extended to women experiencing menopause, or to 

women who will ultimately become menopausal, by framing menopause as a state where 

women may be challenged to redefine their identity. A qualitative study conducted by de 
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Salis et al. 2018 examined the women’s experiences of menopause in women and offered 

three main explanatory narratives. Menopause was defined either as 1) a normal process 

where no transition occurs in the women or in her societal interactions; 2) as a struggle, 

associated with loss of identity and distress; and 3) menopause as release from the messy 

business of menstruation and therefore a liberating experience. (29) In the wider medical 

literature, menopause has been associated with ageing and other risks such as osteoporosis 

and cardiovascular disease and often constructed as an illness that is treatable with 

hormone replacement therapy (HRT). (31,39–41) Although the notion of medicalisation is 

contentious in itself; not least because is it often presented as medical dominance over ‘a 

lay docile’ female population to that of consumerism where users determine or resist 

medicalisation. (42) HRT is not an unproblematic solution for managing menopausal 

symptoms and the side effects and consequences of HRT are well known with women 

enabling them to be ‘active participants in decision-making’ about this risks. (42) In some 

cases, women have resisted the rationality of evidence-based medicine and risk narratives 

when presented by healthcare providers and negotiated the competing discourses to obtain 

solutions that they perceive are best for them. This has exposed women to making decisions 

that involve balancing acceptability with risks of hormone replacement treatments. 

Anticipation of the biographical disruption which menopause might induce, may worry some 

women in their younger years and function as the background interference to ‘System 1’ 

thinking. This interference may be influenced by experiences, emotions and memories 

associated with learning about menopause. This menopausal system 1 thinking could be 
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overruled by ‘System 2’ thinking (influenced by facts, logic and evidence) when a woman is 

making a decision about whether or not to undergo OTC. However, it could very well be the 

reversed for example, ‘System 1’ sends suggestions to ‘System 2’ regarding menopause as 

a biological disruption which then turns these thoughts into beliefs. Irrespective, awareness 

of the symptoms of menopause has gained greater profile in recent years likely fuelled by 

media interest and widely accessible information on the topic. Whether these influences 

encourage women to seek out information deliberately through ‘System 2’ thinking and, in 

some cases, opt for a procedure that can potentially delay, or even reverse menopause 

remains unknown. Women who seek to preserve their fertility or hormonal function may 

have various personal reasons as to why they choose to do so and this study sought to 

explore these perspectives. Throughout this study we explored whether or not menopause 

was seen as an anticipation of biographical disruption in women’s lives that pre-empted 

them to bank their ovarian tissue for future use.  

Study design 

Pragmatic Qualitative Descriptive Design was used to test and develop the theories 

underpinning this body of research. (43)  

Pragmatist theory 

Pragmatism can be defined as a link between ‘human knowing’ and ‘human action’ and 

explores how beliefs are held and shared through behaviours. (44) Pragmatism 

incorporates the idea that two individuals may share the same experience, but their 
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worldviews of the situation may not be the same. The extent to which an experience is 

similar, depends on the degree of shared view. This phenomenon therefore allows an 

individual to hold a unique, as well as a shared, view of an experience. (43,44) This study 

was designed to purposively recruit women from varying backgrounds, ethnicities and 

ages, to collate their views and experiences of women in relation to fertility and hormonal 

preservation in thinking about OTC. Pragmatist philosophy proposes that the meaning of 

actions and beliefs are found in consequences. (43) Actions in pragmatism are ‘fluidly’ 

linked to consequences, and so, they are open to change. If the situation pertaining to an 

action change, so does the consequence of the action, even though the action remains 

unchanged. (43,44)  

Participant selection 

Participants originally were to be recruited from one UK based clinic that offers this 

procedure on a private basis. It was however not possible to recruit from the clinic due to 

closures as a result of the COVID-19 pandemic. Hence participants were recruited through 

social media platforms (Facebook, Twitter and Instagram). Snowball sampling was used.  

 

Participants were all women who were aware of and interested in, or had considered, or 

undergone ovarian tissue freezing for fertility and/or hormonal preservation. Details of the 

study were posted on Twitter, Facebook and Instagram of the researcher as well as 

through patient information groups such as fertility network UK. These posts were 



 
 
 
 
 
 
 

195 
Student ID:  
PhD Met+Sys Re T Lab A300       
 
 
 
 
 
 

encouraged to be shared. Potential participants responded to the call by contacting the 

researcher directly via email, which was provided in the post. The sampling was purposive 

in nature, in that anyone who was born female at birth, aged of 18-45 years and was 

thinking about fertility preservation and considering OTC, was eligible. The age range was 

chosen because we wanted to reach an adult population that included both women of 

reproductive age and those who had not yet reached menopause. Women who had heard 

of ovarian tissue cryopreservation and were interested in it or undergone it as a fertility or 

hormonal preservation method, were deemed eligible.  

Non-participation 

Thirty-one individuals showed interest after contacting the researcher on social media 

platforms and emails. Twenty-one participants, however, proceeded to be interviewed. The 

study flow diagram is shown in Figure 33.  
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Recruitment 

Recruitment and sampling continued until data saturation point was reached, at 21 

participants.  

Data collection 

 

Interview guide 

 

A topic guide to frame the interviews was developed for the study (Appendix 17). This was 

not piloted prior to commencing interviewing and minor adjustments were made following 

the first three interviews. The interview adopted a semi-structured approach, starting with 

open ended questions to understand individual perspectives of the women about fertility, 

fertility preservation and menopause followed by specific questions about awareness of 

the different fertility preservation techniques. No follow up interviews were conducted.  

 

Audio/visual recording  

 

All interviews were audio recorded. If the participants permitted and consented, video 

recordings were also included. The video recordings were not used in the data analysis 

but saved on a secure university drive should they need to be referred to in the future. The 

recordings were transcribed automatically on Zoom, and the transcripts were checked 
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again manually, and anonymised. Each participant was assigned a pseudonym to protect 

their anonymity which was used in the reporting of the results. (45) Transcripts were not 

returned to participants for comment or corrections. Data was analysed using thematic 

analysis, supported using NVivo software version 12. (46) On average, the duration of the 

interview was 36 minutes (range 23 to 55 minutes). Reflective field notes were made 

following each interview and these were used to assist in analysis, stored as part of the 

study data set. Reflexivity aided critical thinking, as well as questioning assumptions and 

identifying the degree that the researcher’s ideas, actions, and judgments affected coding 

and analysis. (47)  

 

Interviews were conducted until saturation was reached after the 21st interview. The 

definition of saturation used in this study was the ‘the point in coding when you find that no 

new codes occur in the data’. (48–50) In practice this was the point that mounting 

instances of the same codes, but no new ones were applied to the data.  

 

Data analysis 

 

The transcripts were coded line by line. Data was coded by one person and confirmed by 

a second coder. The method described for thematic analysis by Braun and Clarke 2006 

was used. (51) This involved what has been described as the “complete coding” method 

first working systematically through the data and coding data chunks that were relevant to 
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the research questions. Subsequently, refining codes as the analysis evolved.  All 

transcribed data were checked prior to commencing coding which helped with 

familiarisation of data. This was followed by initial coding. Coding was theory driven in that 

codes particular to women’s perspective on OTC for fertility and hormonal preservation 

were identified. When all the data had been coded, the codes were grouped into 

categories. These categories were then collapsed to form the basis of potential 

overarching themes. Appendix 18 shows an example of the codes identified during the 

analysis, as well as how the original theoretical orientation were used to frame coding and 

theme development.  

 

The researcher (H.K) conducted the interviews, and completed the analysis and coding, 

then a second coder reviewed the coding; any cases of disagreement were discussed in 

conjunction with the first researcher, and mutually agreed. Derivation of themes from 

codes was an iterative process.  

Results 

Description and size of sample 

21 participants (age range 22-43 years) were interviewed, of which nine identified as 

single, 11 married or in a civil partnership or long term, stable relationship and one woman 

described her status as separated. Nineteen participants were university graduates with 

two currently undertaking higher education. All but two were employed. Participants self-
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identified their ethnic backgrounds including Black Caribbean (n=2), Asian (n=11) and 

White (n=8). Six participants had previously been diagnosed with cancer, five of whom had 

undergone OTC outside the UK. Sixteen participants were considering OTC for social 

reasons. Detailed demographic information is presented in Table 12. Eleven participants 

had a background in healthcare (7 doctors, 1 midwife, 1 nurse, 1 radiographer and 1 

medical student). Sixteen participants were interested in use of OTC for social reasons.  

 

Table 12. Participant demographics.  

No.  Pseudonym Age OTC 
experience 

Marital 
status 

Education Profession Country 
of 
residence 

Ethnicity 

1 Faria 32 Interested in 
OTC 

Single University Banker UK Asian-South 
Asian 

2 Alex 22 Interested in 
OTC 

Single College/sixth 
form 

Student India Asian-South 
Asian 

3 Donna 37 Interested in 
OTC 

Single University Not given UK Black 
African 

4 Andrea 35 Interested in 
OTC 

Single University Charity 
sector 

UK Asian-
Chinese 

5 Vinita 31 Interested in 
OTC 

Long term 
relationship 

University Doctor UK Asian-South 
Asian 

6 Casey 33 Interested in 
OTC 

Married University Doctor UK Caucasian 

7 Denise 38 Interested in 
OTC 

Married University Midwife UK Caucasian 

8 Rita 32 Interested in 
OTC 

Single University Not given UK Not given 

9 Debora 30 Interested in 
OTC 

Married University Doctor UK Black 
African 

10 Faye 31 Interested in 
OTC 

Single University Doctor UK Asian-South 
Asian 

11 Gina 31 Interested in 
OTC 

Single University Doctor Turkey Not given 
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12 Nina 35 Interested in 
OTC 

Single University Not given UK Asian-South 
Asian 

13 Veronica 33 Interested in 
OTC 

Single University Teacher India Asian-South 
Asian 

14 Ruth 33 Undergone 
OTC 

Married University Self 
employed 

USA Not given 

15 Emma 23 Interested in 
OTC 

Single College/Sixth 
form 

Student UK Caucasian 

16 Alice 40 Undergone 
OTC 

Married University Not given USA Caucasian 

17 Danika 34 Undergone 
OTC 

Married University Scientist USA Caucasian 

18 Amelia 43 Undergone 
OTC 

Married University Nurse USA Caucasian 

19 Lucy 34 Undergone 
OTC 

Married University Radiograp
her 

USA Caucasian 

20 Lina 31 Interested in 
OTC 

Separated University Doctor UK Asian-South 
Asian 

21 Anya 32 Interested in 
OTC 

Married University Doctor UK Asian-South 
Asian 

 

Five themes were developed from the thematic analysis. These were:  OTC provides 

another option of female fertility preservation, OTC provides insurance for the future, 

female fertility is not a priority, awareness and availability of OTC procedure, and cost of 

OTC. The themes are represented in Figure 34. 
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Figure 34. Schematic representation of generated themes. OTC = ovarian tissue 

cryopreservation. 

Themes 

Theme: Another option of fertility preservation 

Women with cancer who were not eligible for oocyte cryopreservation because there was 

urgency to start cancer treatment expressed gratitude that OTC was provided as an option 

as it also meant that their cancer treatment was not delayed due to fertility preservation.  

‘So that [OTC] was kind of like my only option, given the short timeline...so 
I was grateful to have that hope out there.’ 

Amelia, 43 (undergone OTC) 
 

In healthy women who had the desire to preserve their fertility using OTC, it gave them a 

choice between oocyte cryopreservation and OTC. 
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‘I think the fact that we have more options is really encouraging and it's 
helpful for a lot of women out there.’ 

Lina, 31 (interested in OTC) 
 

Subtheme: Comparison of OTC to other FP methods 

 

Participants compared OTC with what they understood about other available methods of 

fertility preservation, such as oocyte cryopreservation and embryo cryopreservation, and 

described OTC to be more 'natural. For participants interested in OTC, the notion of 

potentially avoiding exogenous hormones for oocyte collection was attractive as forcing 

ovulation was perceived as ‘unnatural’. The added benefit of potential hormonal 

preservation that could help with menopausal symptoms in the future, was also appealing 

and considered closer to the natural bodily function as compared to taking 

pharmacological treatment for menopausal symptoms. Some participants had undergone 

other assisted reproductive techniques as well as OTC. In these women the OTC 

procedure both for conception as well as return of hormonal function was again deemed 

as being more ‘natural’.  

 

‘I think the fact that you actually take a part of your ovary, freeze it and 
transplant it back, you can get some of that function back rather than trying 
[assisted reproductive technology] to do things, I mean not that it's a more 
natural thing to do, but it's very close to how your natural fertility works, or 
how your natural hormones work…as opposed to egg freezing.’  

Anya, 32 (interested in OTC) 
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‘This felt so natural…so wonderful to feel like my body is working you 
know. Being able to just naturally conceive and not have to like have all 
those procedures and the egg retrieval, all that stuff like at such a young 
age is just…such a [great thing] …something to [really] embrace’. 

Ruth, 33 (undergone OTC) 
 

 

Theme: Awareness and availability of OTC 

 
One of the issues voiced by the participants who had required cancer care was that they 

felt that some of the healthcare professionals involved in their cancer care were unaware 

of the OTC procedure, particularly their oncologists. This may be that preserving fertility is 

not always a top priority for oncologists at the time of cancer diagnosis when the clinical 

imperative might be initiating cancer treatment.  

‘I think that there's like hardly any awareness about it when I talk to people 
about this, they've never heard of it, they have no idea even, my 
oncologist.’  

Alice, 40 (undergone OTC) 
 

‘I would have loved to be guided by my oncologist, even by my doctor that 
removed my ovarian tissue and even by a patient organization to say hey, 
these are the doctors that know what they are doing when it comes to this 
and actually have proven success in doing that stuff.’ 

Danika, 34 (undergone OTC) 
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A participant who had undergone OTC and was also a patient advocate for OTC 

expressed her concerns about healthcare professionals failing to emphasise the 

importance of fertility preservation, suggesting that some young women who are at risk of 

losing their fertility due to treatment may miss out an opportunity to preserve their 

reproductive function. 

‘But I met other cancer survivors, where the oncologist never even told 
them that they were going to lose their fertility.’  

Danika, 34 (undergone OTC)  
 

In the UK it is expected that clinicians will have a fertility preservation discussion prior to 

initiation of cancer treatment. (4) None of the participants who had OTC were based in the 

UK, it is therefore not possible to ascertain whether the discussions take place routinely in 

the UK. Participants who were thinking about OTC for social reasons were surprised by 

the lack of awareness of the procedure and wondered why it was not widely publicised.  

‘Makes you think why...why hasn't it been thought about like years ago.’ 

Debora, 30 (interested in OTC) 
 

‘I mean if I hadn't heard about it from a colleague, I’m not sure if I would 
have known about it.’  

Nina, 35 (interested in OTC) 
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One participant suggested it was linked to gender disparity in both information and 

availability of fertility preservation procedures between males and females and offered it as 

a potential reason for the lack of awareness about OTC. 

‘Because we always know that the female health falls behind males all the 
time.’  

Amelia, 43 (undergone OTC) 
 

Even though OTC has been described in the evidence for more than two decades, it is still 

not widely available. (9,13,17) One participant who sought to explore options to preserve 

her fertility was told that OTC could not be offered to her because the clinic did not provide 

it. 

‘He [doctor] made it clear at the time that it's not something that the clinic 
he was working at offered, and that I would need to go elsewhere, which 
was a little bit disappointing especially as it was something I was quite 
interested in.’   

Nina, 35 (interested in OTC) 
 

‘I'm quite curious as to why this is not more of a well-known thing, you 
know why it is not a routine and we talk about IVF and IVF is a thing, we've 
always known that you can freeze something but I’m just quite curious this 
is not routine practice.’  

Rita, 32 (interested in OTC) 
 

Women in this study seemed to be inquisitive about OTC as a fertility and hormonal 

preservation option however were surprised by the limited availability of this procedure. 
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Subtheme: Grateful to healthcare professionals 

 

Participants who had undergone OTC as a result of cancer treatment to prevent 

impairment to their fertility were grateful that they were undergoing treatment in centres 

that offered OTC or had their care managed by healthcare professionals who were able to 

refer them. They felt indebted to what they perceived as ‘forward-thinking’ healthcare 

professionals, who had enabled their access to fertility preservation using OTC.  

‘When I was meeting with the [bone marrow] transplant physician the nurse 
practitioner, who worked with him had just gone to a conference where this 
doctor talked about this experimental ovarian tissue freezing that worked in 
sheep and rats. I was grateful for that nurse who happened to just go to 
that conference at the right time.’  

Amelia, 43 (undergone OTC) 
 

‘I was lucky, fortunate that I had a primary doctor that saw the big picture 
and knew me. If I hadn't had her, I wouldn't have this miracle inside of me 
right now.’  

Alice, 40 (undergone OTC) 
 

Theme: Fertility is not a priority 

 

Participants considering OTC for fertility preservation gave a variety of reasons for wanting 

to delay motherhood including not being ready, financial reasons and focusing on career 

progression. Not having a partner or being in a legal relationship was not necessarily a 
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reason for delaying motherhood as there were also participants who identified as married, 

wished to delay childbearing. 

‘I'm actually at a stage in my life, that I feel children are not something that 
I’m thinking about right now.’  

Veronica, 33 (interested in OTC) 
 

‘I've always kind of felt like 35 was the time that I would really need to start 
thinking about this stuff a bit more seriously.’  

Casey, 33 (considering OTC) 
 

 

 The women who had undergone cancer treatment had not really had thoughts about their 

fertility at the forefront prior to diagnosis and treatment initiation. Also, these women 

perceived that fertility was not always a priority for the healthcare professionals looking 

after them.  

 

‘I don't think I really thought about it, until she [the nurse] had mentioned 
that. I feel most times in cancer treatments like you're just so worried about 
the disease that sometimes things like fertility get brushed over.’  

Amelia, 43 (undergone OTC) 
 

‘I feel like they are one track minded, like when I try to talk to my 
oncologist, I love her dearly she's amazing, but when I tried to talk to her 
about my fertility and hormones post cancer and how I’m feeling, does she 
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care? I think the bottom line is I don't have cancer and that is what is 
important to her.’  

Alice, 40 (undergone OTC) 
 

Theme: Insurance of fertility and hormonal function in the future 

For participants who had previously had cancer, OTC was a form of insurance that 

protected their fertility and hormonal function for the future. It provided hope, a sense of 

normalcy, a future that included the possibility of having biological children and restarting 

hormonal function. 

‘It gave me that hope in the midst of everything else that was going on. It 
just was kind of that light that I needed.’  

Amelia, 43 (undergone OTC) 
 

‘Just having that [hope] that whole time, I felt like really kept me going, and 
I was like it'll all be okay, everything will get back to normal. Like in a 
couple of years it will feel like this was just a really bad dream.’  

Lucy, 34 (undergone OTC) 
 

Subtheme: Future proofing 

 

OTC was also seen as a form of security for the future. Some described OTC as 

empowering as it offered the prospect of not being constrained by a time-limited 

reproductive lifespan.  
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‘Fertility preservation is not just about postponing [or] having children, 
which is important, having children at the right time, with the right 
partner...when you’re ready, for me that is a big deal…not having to panic 
about it when that time comes.’ 

Donna, 37 (interested in OTC) 
 

‘I had always considered that I would have completed my family by my age 
and it had never occurred to me, as I was growing up, that I would be in the 
situation where I’m not married and I have not started [family] you know, 
never mind completed my family. So in that way this is something that I 
need to seriously consider it if that’s something I still want in life, which it 
is.’   

Nina, 35 (interested in OTC) 
 

 

Subtheme: Perceptions on menopause 

 

What menopause meant for participants emerged through discussion and was a recurring 

narrative in the interviews with women interested in OTC. Attitudes towards menopause 

seemed to be particularly influenced by the experiences of close family members.  

‘I sort of dread menopause and I associate it with aging.’  

Rita, 32 (interested in OTC) 
 

‘My mom has really struggled with menopause and menopausal 
symptoms.’  

Donna, 37 (interested in OTC) 
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‘Like I saw first-hand what was happening to a very sane, beautiful woman, 
what she [my mother] was going through.’  

Gina, 31 (interested in OTC) 
 

Menopause was perceived as negative by some of the participants. However, for some 

interfering in an inevitable process was perceived as 'unnatural' and women should not 

‘play with nature’ unless at risk of early menopause.  

‘I would be willing to embrace the natural progression of things unless 
someone was able to tell me you're going to go through menopause the 
age of 42 and I’ll be like actually I’ll take whatever is on the market (laughs) 
to delay that a little bit.’  

Debora, 30 (interested in OTC) 
 

These participants however did see benefit in the use of OTC in young girls and women 

who are at risk of early menopause due to fertility ablating cancer treatments or those at 

risk of POI.  

‘I also know that women who are aware of it, who maybe don't want to hit 
menopause, and early menopause like in early 40s or you know if they 
have a family history or hereditary [disease] that can happen with 
menopause, so if they want to prevent that then that [OTC] could be an 
option for them.’ 

Alice, 40 (undergone OTC) 
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Subtheme: Hormonal function from OTC  

Participants who had OTC due to cancer diagnosis and re-transplantation, found the return 

of hormonal function to bring benefits, one being reduction in menopausal symptoms that 

occurred as a consequence of treatment.  

 

‘So that's why we tried to keep each ovarian tissue section in as long as we 
could because it gave me those hormone levels that I wasn't going to be 
able to get otherwise. You know HRT is not an option for me.’  

Amelia, 43 (undergone OTC) 
 

‘The main reason I wanted it was to get me out of menopause.’  

Lucy, 34 (undergone OTC) 
 

Some participants who had undergone OTC and subsequent transplantation, also had 

remaining tissue stored in the bank. Because the transplantation had helped with 

menopausal symptoms, one participant was very keen on having further transplantation of 

stored tissue, not for having children but to help manage the symptoms of menopause 

such as hot flushes and vaginal dryness.  

‘I do consider having another transplant because not necessarily to have 
babies, but for the hormone replacement.’  

Ruth, 33 (undergone OTC) 
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Theme: Cost of OTC 

 

One of the concerns raised by participants considering OTC for social reasons was the 

potential costs associated with the double surgical procedure of harvesting and then re-

implantation and storage. This had an influence on deciding whether or not to undergo 

OTC. Participants seemed to weigh up the perceived benefits of what the procedure 

offered in terms of value for money against providing the option of fertility preservation.  

‘I think the only deterring factor would be the finance it's very, very pricey 
from what I understand. I would if money wasn't a huge determining factor.’   

Andrea, 35 (interested in OTC) 
 

‘I would want to know the full scope of [OTC procedure] …because you 
have invested emotionally and financially and physically.’  

Faria, 32 (interested in OTC) 
 

 

Some participants acknowledged that the cost might be prohibitive but that should not 

mean that the procedure should be unavailable for fertility preservation. 

‘Yes, so there'll be an element of expense to it, but if that’s what a woman 
is willing to do, then it at least should be an option...’  

Nina, 35 (interested in OTC) 
 

Subtheme: Lack of financial support for young girls and women with cancer 
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There was a view across the interviews that female fertility received less attention which 

was perceived to be similar to other conditions relating to women’s health.  

‘So if you're male and you want to freeze your sperm, yes you go ahead 
and do that it's covered [by health insurance], but for females it is not an 
option.’  

Amelia, 43 (undergone OTC) 
 

‘It's about what we believe and listen to you know, everybody having that 
same opportunity.’  

Lina, 31 (interested in OTC) 
 

As participants who had undergone OTC were not based in the UK, they did not have 

access to a national healthcare coverage as part of the treatment package for cancer. 

Participants were therefore grateful for the generosity of some healthcare professionals 

who did not charge for the OTC procedure. Whereas others had to pay for the procedure 

themselves and were frustrated that procedures such as IVF had funding whereas OTC 

did not.  

‘Of course, like insurance doesn't cover it so you know, trying to get funds 
for, but [ovarian transplant surgeon] was great and did their services for 
free, essentially, so I was able to have that.’  

Lucy, 34 (undergone OTC) 
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‘Like there's organisations that will sponsor IVF you know, like this, you 
can apply for grants for that and there isn't that right now for the ovarian 
transplant. It’s just too new and unheard of.’  

Ruth, 33 (undergone OTC) 
 

Discussion 

This study was undertaken to understand the views, motivations and expectations of girls 

and women who considered and or had undergone OTC as a method of fertility and or 

hormonal preservation. Although not universally available to all, women are intrigued by 

OTC. Participants unanimously described that they were considering OTC because of how 

it offered 'another' option for female fertility preservation. OTC was considered to be more 

natural compared to other fertility preservation methods, albeit for different reasons. For 

example, those who were interested in OTC for hormonal preservation, viewed the lack of 

exogenous hormones required, as increasing the ‘naturalness’ of OTC. Whereas 

participants who had undergone OTC and other assisted reproductive techniques such as 

oocyte cryopreservation and attempts of in vitro fertilisation (IVF), considered OTC to be 

‘more natural’ although it involved invasive surgical procedures, a minimum of two and 

sometimes more surgical interventions. Participants who were interested in OTC and were 

familiar with the processes involved, also regarded the idea of being able to conceive 

without taking exogenous hormones for oocyte retrieval for IVF followed by embryo 

transfer, as ‘natural’. For those that had undergone transplantation, the return of hormonal 
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function was reported to be as close to natural. This was even more pronounced in those 

that underwent early menopause due to cancer treatment and were prescribed hormone 

replacement therapy (HRT) until they received the transplantation of their ovarian tissue.  

 

The reasoning for considering or undergoing OTC varied based on whether OTC was 

considered for social reasons, or whether the participant was at risk of infertility due to 

anti-cancer treatment. For participants with cancer the ‘fear of losing fertility’ was the 

underlying motivation for considering OTC. For those participants who were interested in 

OTC for social reasons, they described their motivations in terms of ‘insurance of fertility 

for the future’ although ‘fertility was not a priority’ at the time of interview, it often came up 

and was described as ‘not ready for motherhood’.  There seemed to be a cognitive 

dissonance as on the one hand these women did not prioritise motherhood but on the 

other, perhaps had an underlying fear of not being ready. Ovarian tissue cryopreservation 

was approached as ‘insurance for return of fertility should it be necessary’.   

 

Those participants who had undergone OTC expected ‘more information’ than what they 

received from the healthcare professionals who supported them through the process. 

Some participants felt discussion of OTC when facing the likelihood of treatment induced 

infertility as an option was ‘by chance’ rather than as part of an open discussion of 

available options with their healthcare provider. Although they now expressed feeling 
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‘grateful for OTC’, they were surprised that oncologists failed to prioritise fertility and 

seemed unaware of OTC during discussions about fertility preservation at the time. 

 

Participants that were interested in OTC for social reasons expected their healthcare 

provider to explain the likely ‘success rates’ of the procedure during discussions. This was 

linked to a perception that the procedure is remained experimental in some countries. Only 

those participants who were healthcare professionals and/or those that had undergone the 

procedure already, appeared to understand the risks involved with the procedure. There 

was consensus that there was a ‘lack of awareness’ about OTC coupled with limited 

availability. The likelihood that hormonal function would return after ovarian tissue 

transplantation was an area that the participants felt needed to be investigated further. 

They perceived that this might benefit young girls and women with POI by providing them 

with their ‘own’ hormones and by aiding with symptoms of early menopause, or in cases of 

healthy women, help with symptoms of menopause. Women with cancer, who had already 

undergone OTC had a better understanding of the technique. All participants described 

that at the time of considering OTC, decision-making was felt to be overwhelming. 

Participants interested in OTC for social reasons, appeared to have only a vague 

understanding of the procedure regarding tissue extraction, storage and re-implantation. 

 

Female fertility and the need for fertility preservation 
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Females are born with a finite supply of oocytes that deplete at an exponential rate, with 

only 25, 000 follicles remaining from the 1-2 million by the time a woman is 37 years old. 

(52). This supply depletes more quickly in young girls and women who undergo 

gonadotoxic anti-cancer treatments. (1) Fortunately, advances in ART have been made, 

resulting in oocyte cryopreservation and OTC. Oocyte cryopreservation is not applicable in 

pre-pubertal girls due to requiring ovulation induction, which is not possible or ethical in 

this population. Despite the OTC technique being developed for over two decades, many 

young girls and women do not have access to it. Possibly because information about the 

technique has been poorly disseminated and or no requests have made the consequence 

is women are either not referred routinely or do not follow through even if they are referred. 

This impacts on demand and ultimately on the availability of fertility preservation and 

newer techniques such as OTC. (53) 

 

Immediately following a cancer diagnosis, the priority for clinicians and possibly the patient 

will be to start anti-cancer treatment as rapidly as possible, and this will take precedence 

over matters of fertility preservation. (54) This haste to treatment initiation could ultimately 

lead to the fertility potential of a woman to be jeopardised as discussed in the review of the 

literature presented in Chapter 4. This study illuminates the challenges encountered by 

women who reported some consternation that healthcare professionals had limited 

knowledge about the OTC procedure. Indeed, some of the participants accessed OTC by 

chance. Of the six participants who had previously been treated for cancer, five underwent 
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OTC. The one cancer survivor who did not undergo fertility preservation did discuss it with 

their oncologist but did not have a consultation with a reproductive medicine specialist. 

Upon enquiring further, she could not recollect the reasoning behind not seeing a 

specialist for fertility preservation. Evidence suggests that many oncologists either fail to 

talk about fertility preservation with their female patients or do so ineffectively. (53,55–58) 

It can only be conjecture that this may have been the case with this participant. 

 

Various factors have been identified that confound access to female fertility preservation. 

Age, financial status and education appear to influence who are referred for and who have 

access to fertility preservation treatments. (54,57) The decision on which method(s) for 

fertility preservation is used with young girls or women is undertaken by a multidisciplinary 

team of health care professionals and it is imperative that they are up to date with 

information about provision of OTC so that patients can make an informed choice. As none 

of the participants who had OTC prior to initiation of cancer treatment were UK based it is 

beyond this study to determine whether discussions related to fertility preservation take 

place routinely.  Furthermore, healthcare professionals may have a lack of expertise with 

infertility risks, unfamiliarity with fertility preservation techniques, few clinical perspectives 

of fertility preservation and lack of referral protocols, which all function to negatively 

influence fertility discussion practices. (54)  

 

Financial implications 
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Lack of provision of OTC is further compounded by cost. Ovarian tissue cryopreservation 

is still considered experimental in most parts of the world and is not readily available 

through the NHS for the most part or insurance schemes elsewhere, making it a 

particularly prohibitive procedure. A study conducted on economic evaluation on OTC and 

oocyte cryopreservation found that the estimated cost of OTC procedure in order to 

achieve at least one live birth was $10,032 (approximately £8130). (50) The private 

company that offers this procedure in the UK, estimates for the costs to be £2890 for 

'opportunistic' surgery (where the woman is having surgery for another procedure and the 

tissue is retrieved opportunistically) or from £6000 for primary standard care (exclusive 

surgery for the OTC procedure). (60) There is lack of homogenous funding for OTC 

procedure in the UK, whether at the individual level or organisational level. (13) Regulatory 

and funding bodies should consider the overall benefits derived from OTC to ensure 

adequate funding and service provision is in place, especially for young women with 

cancer.  

 

Views, motivations and expectations 

 

Overall participants expressed dissatisfaction with the absence of OTC as an option for 

young girls and women. This was the case for both cancer survivors and those interested 

in OTC for social reasons. Furthermore, motivations for undergoing OTC were clear for 
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women who were suffering with cancer i.e., preserving fertility that may otherwise be lost 

following cancer treatment. Women who were interested in undergoing OTC for social 

reasons had a vague understanding of the procedure, for instance they may not be as 

motivated to understand the procedure as compared to female cancer patients in whom 

there was an immediate threat to fertility. Whilst participants interested in OTC were 

intrigued by it, only participants who were healthcare professionals truly understood the 

procedure and it’s risks in detail.  As a result, there is an even greater dearth of 

understanding about the numerous alternatives open to women who wish to preserve their 

fertility.  

 

Hormonal preservation with OTC 

 

Participants who had gone through gonadotoxic cancer treatments discussed the 

debilitating symptoms associated with premature menopause. Depletion of hormonal 

function after anti-cancer therapies is therefore an area that needs to be investigated 

further, both on a clinical and research front. Different types of cancers and their 

subsequent treatments are linked with either a greater or lesser risk of premature 

menopause. (1) We were not able to ascertain if those participants who had cancer 

treatment had a discussion about the possibility and risk of early menopause with their 

oncologist, as they had no recollection of it being mentioned. All the participants in this 

study who had undergone OTC became menopausal after anti-cancer treatments. At the 
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time of interview, these participants had already received ovarian tissue transplantation 

and all reported improved menopausal symptoms post transplantation. Participants with 

previous cancer who underwent OTC, did not recollect giving much thought at the time of 

OTC surgery to future fertility and/or hormonal preservation as they were dealing with the 

existential threat posed by a cancer diagnosis. Participants were mostly grateful that they 

had an option. Most of these women are now advocates for the availability of the OTC 

procedure and have suggested that conversations with women undergoing cancer 

treatment should involve discussion of hormonal as well as fertility preservation.  

 

 Women who were considering OTC to ensure their fertility for reasons not linked to cancer 

had mixed views about delaying menopause with OTC. Although participants considering 

OTC for hormonal preservation expressed anxieties about menopause, these anxieties 

seemed to be influenced by the experience of other women, particularly close family 

relatives, who had gone through menopause. One participant, whose mother and sister 

had both experienced early menopause, was keen to undergo OTC and expressed 

frustration at the limited availability of the procedure for women like herself.   

 

Mitigating against an anticipated biographical disruption 

 

Fear of infertility after cancer, or knowledge of reduced fertility, can have detrimental 

impact on female identity and psychological well-being, impact on survivorship, and can 
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cause biographical disruption. (61) Those participants who had previously been diagnosed 

with cancer underwent cancer treatment in their early twenties and had already 

experienced feeling different to and being ostracised amongst their peers. Their main 

motivation underpinning the decision for OTC was fear of the future beyond cancer 

treatment, possibly not being able to live what they perceived as a ‘normal’ life, which 

included having biological children. OTC offered hopefulness against what was felt as an 

additional consequential loss from cancer.  

 

Participants interested in OTC for social reasons appeared to view pregnancy as 

something for the future and not necessarily at a point when they were likely to be more 

fertile. This resonates with the current literature indicating there has been a rapid increase 

in the average age of first-time mothers in the last few decades. In the US, the percentage 

of women aged 35-44 who become first-time mothers has grown more than five-fold in the 

previous four decades. (62) Within Europe, Italy has one of the highest mean age of first-

time mothers (30.6 years). (63) These developments are most likely due to an increase 

with women entering higher education in large numbers, entering the full-time workforce, 

and using contraceptive techniques to protect against unwanted pregnancy, and our 

cohort reflects this. (64) 

 

Eight of the 11 healthcare professional women who participated were in their 30’s, did not 

have children and indicated they were not thinking of planning pregnancy in very near 
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future. One had a child previously but conceived using assisted reproductive techniques. 

Despite expressing an awareness of their declining reproductive capacity, these women 

were still opting to postpone childbearing. Yet ultimately experiencing motherhood was 

viewed as an important aspect of an imagined future identity.  The idea of childlessness 

was deemed as unacceptable, with OTC offering a form of indemnification, providing an 

opportunity to extend their fertility and therefore slowing the biological clock and providing 

space to achieve career and life goals. The anticipated biographical disruption to these 

informants was part of a potential future that was ultimately childless. OTC mitigated 

against this and offered future proofing.  

 

Women are choosing to 'delay childbearing’ but insuring against infertility are increasing 

their options. Women in our cohort seemed to be well aware they have a finite 

reproductive lifespan but not necessarily aware of their reproductive health. The 

phenomenon of optionality is more complex in that women are now choosing to delay 

childbearing due to reasons beyond their control (lack of partner, lack of supportive work-

place etc). (7,21) 

 

Young women in this study who were interested in OTC as a way of preserving their 

fertility also verbalised concerns about a future and anticipated menopause negatively. 

They associated it with ageing, decreased libido, increased risk of osteoporosis and 

cardiovascular conditions. Participants saw menopause as a bundle of debilitating 
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symptoms and how OTC could potentially help them live a healthy lifestyle in their later 

years.  

 

Decision-making and OTC  

 

Recruitment from social media with its global reach helped us understand the views, 

motivations and expectations of women regarding OTC procedure. This was 

supplemented by an analysis of results through a behavioural psychology lens lending to 

‘System 1’ and ‘System 2’ thinking of the brain’s two operating systems. Combining a 

pragmatist approach to qualitative inquiry with how fast and slow thinking shapes the 

perception and choice of women regarding OTC procedure has allowed for a critical 

analysis around this important subject matter. Systems thinking theory (thinking fast and 

slow) was apparent in the accounts of the participants in this study. System 1 (reflexive) 

thinking was used when initially considering OTC and often involved a ‘gut reaction’, a 

solution for solving a reproductive and hormonal function concern. However, all 

participants discussed questioning their initial response which involved them in re-

considering whether the decision needed to be taken at pace, an example of System 2 

(conscious) thinking. Participants saw OTC as potentially empowering for women, it 

offered an alternative female fertility preservation method and something that should be 

available to those who wanted to preserve or extend their fertility.  Those participants who 

were healthcare professionals (and particularly those who worked in women’s health) were 
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positive about OTC as an option for women who were at risk of loss of fertility or hormonal 

function.  

 

What was unclear from this study was whether women were conscious of the time limited 

nature of female fertility. The average age of participant in this study considering OTC for 

social reasons was 32.8 years (SSD 4.7), an age by which female fecundity decreases at 

an exponential rate.  When discussing OTC and other fertility preservation methods, 

participants expressed hopefulness about their fertility regardless of their age. It was 

perceived that OTC was suitable for others and should be an option but was not 

foreground to personal declining fertility.   System 1 and 2 thinking was evident; however 

there is much more overlap between the two, especially with aspects of motherhood which 

appeal to emotion whereas cost or availability of OTC are things which clearly influence 

System 2. Ultimately, the myriad of factors affecting woman’s decision mean they must 

integrate 1 and 2 type thinking to arrive at a measured conclusion in which they 

understand they may not be able to achieve all their aspirations and require sacrifice of 

one for another. This is ultimately dependent on the woman’s circumstance, as outlined by 

pragmatist philosophy. 

 

Strengths 

In several respects, the methodology and conclusions we used in this study build on past 

studies that address the experience of women undergoing OTC (as described in chapter 
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4). Previous literature focused mainly on the acceptability and perception of healthcare 

professionals towards it with only a handful of studies addressing the experiences of 

women who have actually undergone OTC. To best of our knowledge this is the first study 

exploring women's perspectives of OTC as a fertility and hormone preservation method, 

using qualitative research methods. Through this study we have uniquely examined the 

views of women on a newer method of fertility preservation. We recruited women who 

were interested in OTC as well as those who have experienced it, giving us with distinct 

insights, using a pragmatic method and purposive sampling. 

 

Limitations 

The main limitation of this study was being unable to recruit from the clinic as a result of 

the COVID-19 pandemic and therefore social media channels were used to identify 

potential participants. Because of its potential to reach vast audiences, social media is 

increasingly being utilised for recruiting to research studies, however in our study it may 

have resulted in exclusion of the views of women who do not use such platforms. (65)  

Recruiting participants through social media platforms can have several limitations that 

may affect the generalisability of the study results. One such limitation is the potential for 

selection bias. For example, participants who use social media may differ in important 

ways from those who do not, such as age, gender, socio-economic status, and health 

status. This can lead to an unrepresentative sample that may not accurately reflect the 

wider UK population, which can limit the external validity of the study. Furthermore, there 
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are concerns about privacy and confidentiality when recruiting participants through social 

media platforms. It is important to ensure that the recruitment process does not 

compromise the confidentiality of the participants' personal information. 

Additionally, all the participants who volunteered to participate in this study who had 

undergone OTC had positive outcomes. Only one failed to conceive but was nevertheless 

satisfied with the level of return of hormonal function. A further limitation was also the fact 

that women who had undergone OTC, had done so many years previously. We were 

therefore relying on the recall of participants, and this may have been biased given most 

had positive outcomes and therefore may not remember how they truly felt at the time of 

OTC. 

Furthermore, most of the participants were residents in high income countries who may 

have had greater access to cutting edge cancer treatments and fertility preservation 

options. The findings therefore may not be applicable in other settings. Participants with 

cancer highlighted the costs associated with this procedure but were living in a country 

with no universal healthcare coverage. Although the provision of OTC in the UK appears to 

be based on post code lottery, when available, the procedure is funded for medical 

reasons (cancer). The findings in relation to cost for cancer patients may therefore not be 

directly applicable to the health system in the UK. 
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The sample size, characteristics of participants included and study findings may not be 

generalisable to the wider population of women however, the findings are still relevant to a 

particular group of women - those who are part of the workforce. Women in the workforce 

may face unique challenges when it comes to balancing career progression and 

motherhood. Fertility preservation using OTC is not the ultimate insurance but 

nevertheless does provide women with an additional option of fertility preservation.  

Lastly, none of the participants who were interested in OTC for social reasons had 

undergone OTC. Given they were merely considering it and the limited availability, this 

may simply be wishful thinking. Only one participant had sought advice about OTC 

availability but had been disappointed.  

Conclusion 

OTC could potentially provide women with an alternative approach for fertility and/or 

hormonal preservation. Healthy women who wish to consider OTC for fertility or hormonal 

preservation (or both) should be made fully aware of the potential risks and benefits 

associated with the procedure and ultimately likely success rates. Participants in this study 

felt that those who want to pursue OTC after understanding the risks, and consent, should 

be given the option to do so. This procedure is currently not widely available, with a few 

centres offering an OTC service. There is also limited awareness regarding OTC among 

oncologists and other clinicians involved in counselling women facing loss of fertility. This 
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could mean many cancer patients missing the opportunity of preserving their fertility due to 

lack of awareness of both the patients and healthcare professionals. Women undergoing 

cancer ablating treatment should be counselled for OTC as this may be their only option of 

preserving their fertility and having biological children in the future. Furthermore, hormonal 

preservation using OTC in females with cancer is an area that requires further exploration. 

Oncologists and reproductive medicine specialists should liaise closely to be able to offer 

young girls and women with cancer, a chance at bearing children. To overcome the 

perceived hurdles to reproductive dialogues with young cancer patients and to improve 

care, active initiatives such as regular and persistent interprofessional collaboration and 

communications that can allow fertility preservation education are needed. Further 

research should include mapping oncofertility services in the UK to understand the barriers 

to provision of OTC.  The viability of OTC as a hormonal preservation option needs to be 

investigated further especially women at risk of early menopause as a result of 

gonadotoxic anti-cancer therapies.  
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CHAPTER 6: THESIS DISCUSSION AND WIDER IMPLICATIONS 
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The overall goal of this thesis was to explore the effectiveness of ovarian transplantation 

as well as how ovarian tissue transplants may be used to improve female reproductive and 

endocrine function. In order to assess the effectiveness of ovarian transplants, it is 

important to first define what effectiveness in healthcare means. Effectiveness is the ability 

of an intervention to have a meaningful effect on patients in normal clinical conditions. 

Hence, the thesis also explored the role of ovarian tissue cryopreservation in this process, 

which is a prerequisite to ovarian tissue transplantation, in addition to an exploration of the 

perceptions of women who were interested in this procedure as a fertility or hormonal 

preservation. The following phenomena were examined: 

1. Current evidence on the use of fresh and frozen ovarian transplantation 

2. Could fresh ovarian autografts be used to preserve hormonal function? 

3. What are the experiences of young girls and women who have undergone ovarian 

tissue harvesting for fertility or hormonal preservation? 

4. Why are women interested in ovarian tissue cryopreservation as a method of 

preserving fertility and hormones? 

The findings from each of the above phenomena are reported in this summary. 

Furthermore, wider implications of the thesis and recommendations for future practice will 

also be discussed.  
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Fresh and frozen ovarian transplantation: summary of findings and future work 

This study generated interesting findings in relation to the use of ovarian transplants 

(fresh, frozen-thawed and donor) for preserving reproductive and endocrine outcomes in 

women. The multicentre, international collaboration between our centre, Australia, 

Belgium, Denmark, Germany, Russia and USA, resulted in a collection of 735 cases of 

ovarian transplants reported to date. Through previous publications and this review, we 

can conclude that ovarian tissue transplantation has shown promising results in preserving 

ovarian reproductive and endocrine function. This procedure should no longer be 

considered experimental, and it should be offered to women who wish to preserve their 

fertility out of the research context. However, the potential use of transplants in preserving 

hormonal function is an area that needs to be explored further. There is currently no robust 

guidance for clinicians or patients about this procedure and its potential uses. With its 

potential use in alleviating menopausal symptoms and improving quality of life, there is an 

urgent unmet need for robust policy and standard around this procedure. The results of 

this review will hopefully guide clinicians in advising women about the benefits and 

shortcomings of this procedure until a formal guideline is produced.  

Large scale studies with higher sample sizes of participants need to be orchestrated in the 

future to give an accurate success rate of this procedure. Additionally, a robust guideline 

for the optimal size of the tissue graft and surgical procedure for retrieval and 

transplantation of ovarian tissue needs to be produced to guide centres with best practices 
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around this technique. Furthermore, there was great heterogeneity in reporting of 

outcomes from ovarian transplants which made it difficult to conduct meta-analysis. It is 

therefore recommended that a predefined outcome set be determined to ensure all 

randomised control trials, cohort studies or case series report similar outcomes for ovarian 

transplantation.  

Lastly, around 300 pregnancies and 200 live births have now been reported worldwide 

from transplantation of ovarian tissue. There is however no data on the obstetric outcomes 

for these pregnancies. Future research should include meticulously following up with these 

women and creating a global database to record the long-term outcomes for women who 

received the ovarian transplantation and children born as a result.  

Fresh ovarian autografting: summary of findings and future work 

 

In this study, a novel technique of fresh ovarian autografting to prevent symptoms of 

iatrogenic menopause was explored. This study falls under the umbrella of current 

evidence on the use of fresh and frozen ovarian transplantation to answer the question of 

whether or not fresh ovarian autografts can be used to preserve hormonal function. 

Furthermore, the study fills an identified gap in the literature by reporting a case series on 

ovarian autografting in women with benign gynaecological conditions such as pelvic pain 

and endometriosis. For young women with severe endometriosis, hysterectomy with 

bilateral saplingo-oophorectomy is a last resort. Depletion in oestrogen because of 
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oophorectomy causes iatrogenic menopause. Pharmacologic treatment, such as HRT, is 

an option but is not without side effects. This study demonstrates the success in return of 

ovarian endocrine function as depicted by an increase in oestrogen post fresh ovarian 

autografts in women of reproductive age. While the effect of HRT versus fresh ovarian 

autografts is another area of research that needs to be explored further, the novel 

technique used in this study could potentially provide an alternative to HRT for select 

patients who want to maintain endogenous ovarian endocrine function. This study design 

can provide preliminary results, however, further research is necessary to demonstrate 

and explore this issue more directly through replicated studies with larger sample sizes, 

meticulous follow up of participants receiving ovarian transplants and follow up over a 

longer period of time.  

 

Experiences of females undergoing OTC: summary of findings and future work 

 

This systematic review of qualitative studies highlighted various themes in relation to the 

experiences of young girls and women who had considered or undergone OTC (with the 

view of transplantation in the future). Ovarian tissue cryopreservation as a fertility 

preservation technique is still considered a fairly new technique and considered 

experimental in most parts of the world. Because OTC is only used in cancer patients or 

those who are at danger of losing their fertility due to benign diseases, the circumstances 

in which OTC and transplantation are considered are not always pleasant for the patient. 
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The experiences of women revealed that the circumstances in which they underwent or 

considered OTC were emotive, and decision making became that much more complex. 

Through the process of consideration for OTC and future transplantation, these women 

become better prepared for the consequences of potential infertility in the future. This 

however would not be possible without equipping these women with all the relevant 

evidence and information needed to support their decision-making process. It was 

therefore concluded that OTC should only be provided by specialised centres, with 

healthcare professionals particularly trained in carrying out consultations related to fertility 

preservation. The decision to undergo this method of fertility preservation for both cancer 

and benign reasons should be taken by a multidisciplinary team of reproductive 

endocrinologists, oncologists, surgeons, psychologists, and nurses. The centres that 

provide this novel technique, should provide participants with written material as well as 

online visual aids (websites and e-learning) to help them understand the risks and 

benefits. There needs to be a robust policy in place for follow up of these patients. This 

may be complex for young girls as they are likely to have had their ovarian tissue 

cryopreserved when much younger. Policy makers need to reach a consensus regarding a 

time frame for follow up for girls who have had their tissue retrieved before puberty.  

Furthermore, there is an urgent unmet need for a universal guideline for health care 

professionals involved in the care of women requiring OTC. Various fertility preservation 

societies have provided guidance on who to offer this procedure to, however there is a 
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significant discrepancy in how this procedure is provided globally. Establishing a gold 

standard for these set of guidelines in the future will enable good practice to be available 

to all. 

While challenges around this procedure are plentiful in nature, young adolescents who 

wish to undergo this procedure pose a unique challenge for healthcare professionals in 

particular. This cohort requires close attention when it comes to the provision of 

information. Additionally, clinicians need to consider capacity and competence in these 

young girls as well as guidance on when to involve parents in the decision-making 

process. There is currently no robust guidance on assessing capacity and competence in 

young adolescent girls when it comes to considering OTC as a fertility preservation 

method.  

Why are women interested in ovarian tissue cryopreservation as a method of preserving 

fertility and hormones? 

 

This study explored the views, motivations and expectations of women who were 

interested in or underwent OTC. The results of the thematic analysis were interesting in 

that women unanimously felt that OTC and subsequent transplantation, provided women 

with another option of fertility preservation (whether women want to consider it for social 

reasons or due to fertility ablating cancer treatments). Although the procedure is not 

without its risks such as requiring potentially two surgeries and the uncertainty regarding 
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longevity of the transplanted grafts, women felt it was important for this technique to 

become readily available as an option for women. Healthy women who wish to consider 

OTC for fertility or hormonal preservation (or both) should specifically be made aware of 

the procedure's potential risks and success rates. Furthermore, the procedure is not widely 

available and centres that provide it are few and far between. This leads to many cancer 

patients missing the opportunity of preserving their fertility due to lack of awareness on 

both the patients’ and healthcare professionals’ sides. Women facing cancer ablating 

treatment need to be considered for OTC as this may be their only option of preserving 

their fertility and having biological children in the future. Furthermore, hormonal 

preservation using OTC in females with cancer is an area of study that needs to be 

explored in more detail to truly understand the risks and benefits associated with this 

technique. There is lack of funding for OTC procedures on a personal level and 

organisational level and this needs to be mitigated for young girls and women with cancer. 

The decision on methods for fertility preservation in young girls or women is undertaken by 

a multidisciplinary team of health care professionals and it is imperative that they are up to 

date with information about the provision of OTC so that young girls and women can make 

an informed choice regarding their fertility. Oncologists and reproductive medicine 

specialists need to work closely together to be able to offer young girls and women with 

cancer a chance at motherhood. The lack of attention to this subject matter around fertility 

preservation represents both a unique opportunity and an important challenge for us to 

engage more emphatically and scientifically with this area of study. To overcome the 
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perceived hurdles to reproductive dialogues with young cancer patients and to improve 

care, active initiatives such as regular and persistent interprofessional collaboration and 

communications that can advocate for fertility preservation education are also needed.  
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APPENDIX 

Appendix 1. Search Strategy 

 
1     Humans/  
2     Female/  
3     exp ADULT/  
4     exp Middle Aged/  
5     3 or 4  
6     (human or female* or woman or women or adult* or middle aged).mp. [mp=title, 
abstract, original title, name of substance word, subject heading word, keyword heading 
word, protocol supplementary concept word, rare disease supplementary concept word, 
unique identifier, synonyms]  
7     1 or 2 or 5 or 6  
8     1 and 2 and 5  
9     (human* and (female* or woman or women) and (adult* or middle aged)).mp. 
[mp=title, abstract, original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease supplementary concept 
word, unique identifier, synonyms]  
10     8 or 9 ( 
11     exp Tissue Donors/ or tissue donor*.mp.  
12     tissue transplants.mp. or exp Transplants/  
13     tissue transplantation.mp. or exp Tissue Transplantation/  
14     exp Transplantation, Autologous/  
15     exp AUTOGRAFTS/ or autograft*.mp.  
16     exp Transplantation, Heterotopic/ or heterotopic transplant.mp.  
17     exp Allografts/  
18     exp Heterografts/  
19     (allograft* or autograft* or xenograft* or orthotopic or heterotopic or autotransplant or 
autotransplantation or transplant*).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol supplementary concept 
word, rare disease supplementary concept word, unique identifier, synonyms]  
20     11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19  
21     exp OVARY/ or ovary.mp.  
22    (ovarian or ovaries).mp.  
23     21 or 22  
24     10 and 20 and 23  
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Appendix 2. Meta-analysis comparing pregnancy rates between studies that provided 
aggregate data vs studies that provided participant level data. 
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Appendix 5. Protocol for Ovarian transplant study (Chapter 3).  
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AMH -Anti Müllerian Hormone 
BWH- Birmingham Women’s Hospital 
NICE –National Institute of Clinical Excellence 
GnRH- Gonadotrophin releasing hormone 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Study summary 
 

Research objective  

To assess the effectiveness of ovarian tissue transplantation. 
 
 

Recruitment target and process 

 





 
 
 
 
 
 
 

256 
Student ID:  
PhD Met+Sys Re T Lab A300       
 
 
 
 
 
 

Short study title 

Ovarian transplantation for preserving endocrine and reproductive function (OysTER).  
 

Primary objective 

1. Assessing the return of ovarian endocrine function in patients having undergone 
ovarian tissue transplantation (by analysing the data from the hormonal tests and 
ultrasound scan). 

2. Assessing their quality of life using a validated questionnaire. 
 

Secondary objectives 

1. Assessing the longevity of the ovarian graft: 
The study will give an indication of how long the ovarian graft is functional for during the 
study period (as it will be indicated by the hormonal tests) 
 
2. Assessment of the surgical technique: 
Ovarian transplantation being a new procedure, may pose technical challenges when 
performing the transplant. This may indirectly have an affect on the functionality of the 
graft. The tests results therefore may give an indication of how the technique affected 
ovarian graft function. 

Background and Rationale 

Many women undergo surgery for removal of their ovaries or a significant part of the 
ovaries for non-malignant indications e.g. endometriosis and ovarian cysts. This can 
sometimes also be accompanied with removal of their womb. Consequently, total or 
significant loss of ovarian function can occur and cause premature menopause and 
permanent fertility loss with significant compromise on the quality of life. 
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Why is it important 

Premature ovarian insufficiency (POI) is a devastating condition for young women and 
even more distressing if the cause is iatrogenic and can potentially be prevented. There is 
evidence to suggest that fresh ovarian tissue transplantation has been successful in 
restoring fertility and endocrine function. 1,2 Silber et al, in one of the few studies available, 
described a case series of 25 women after fresh and frozen ovary transplantation where 
FSH levels returned to normal and menstrual cycles resumed in all women. 3 They 
described 20 live babies following 11 fresh and 13 cryopreserved ovary transplantations 
(live birth rate of over 70%). 3 Furthermore, ovarian surgery (ovarian cystectomy and 
oophorectomy) is a recognisable cause of compromising ovarian reserve and the main 
reason of iatrogenic POI and fertility loss. 3 5 Fresh autografts are expected to be at least 
as effective in restoring ovarian function as cryopreserved tissue.1 

 
I therefore aim to test a hypothesis in my primary study whereby the ovarian reserve can 
be preserved if the ovarian tissue is resected prior to performing surgery on the ovary and 
transplanting it on to the pelvic sidewall, subdermal transplantation as well as in the vagina 
. The idea is to resect the ‘surgically untouched’ strip of ovarian cortex, before it is being 
operated on and transplanted onto the pelvic peritoneum, under the skin (in the abdomen 
or the arm) or in the vagina. For patients undergoing oophorectomy, this may be the only 
hope of endogenous hormone production from the ovary, preventing POI and its 
symptoms in young women. The fresh autografting procedure is already approved to be 
applied clinically at Birmingham Women’s Hospital as a new procedure and this study will 
help prove the restoration of ovarian function for these girls or women and support a 
change in the surgical practice aiming to preserve ovarian function and fertility.  
 

Study Design 

This will be an observational study of women having surgery that is likely to lead to 
significant compromise of ovarian reserve (for e.g. oophorectomy or ovarian cystectomy 
for endometriosis). These women will have healthy strips of the ovarian cortex removed 
and implanted into a peritoneal fold, subdermally or vaginally with the aim to preserve 
ovarian function. We will exclude women with documented menopause or POI. All women 
will be offered baseline tests for their hormone profile (follicle stimulating hormone (FSH), 
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Oestrogen as part of their routine care and anti müllerian hormone (AMH) costs permitting. 
Women will also be requested to complete a validated quality of life questionnaire (at 6 
and 12 month follow up appointments).  
 
Inclusion criteria 

● Women 
● Age: 18-45 
● Undergoing surgery for the removal of one or both ovaries  
● Patients will be offered tests and investigations prior to the surgery: 
● FSH, LH, Progesterone and AMH (if possible) 
● USS for antral follicle count 

 
Rationale: Children are unlikely to be referred with benign gynaecological conditions 
requiring removal of both of the ovaries. Young girls aged 16-17 may require the help of 
their parents/guardians to consent and therefore females under 18 therefore will not be 
included. It is a new procedure and at this stage it is important that informed consent is 
sought from individuals who are adults and have full capacity.  
Exclusion criteria:  

● Women suffering from menopause or premature ovarian failure (this does not 
include patients on GnRH analogues) 

● Women younger than 18 or older than 45 years. 
● Women who require fertility treatments. 
● Women who are pregnant at the time of the study investigations. 
● Women who are participants in other interventional studies or trials. 
● Women suffering from cancer 

 
Rationale: The aim of this study is to assess the efficacy of ovarian transplants. Women 
who already are suffering from menopause are likely to have non-functioning or 
suboptimal functioning ovaries. Transplantation of their own ovaries is not feasible in this 
group.  

Consent process 

For women who agree to participate, the doctor in Gynaecology outpatient clinic will verify 
eligibility for participation in the study, provide verbal and written information and 
instructions about the study and obtain written consent. 
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Consenting and assessment for eligibility will take place within the hospital clinic by a 
doctor who has received study-specific training in obtaining research consents and 
assessing patient eligibility and will hold a valid GCP certificate. 
 

Treatment/study process 

The notes of all the women who are attending the clinic will be screened. Women with the 
potential of removal of both their ovaries will be given the patient information sheet whilst 
they wait. If during consultation it is confirmed that these patients are to have a surgery for 
removal of their ovaries, they will be invited to take part in the study. Should the patient 
have any questions, these can be answered during consultation. If the patient requires 
time to consider participation, the consent can be sought either on the day of the surgery 
or at a follow up appointment. They will also be informed that their initial decision to 
participate in the study is not irreversible and they may reconsider it at any point with no 
consequence on their routine care. Patients will not be obliged to give reasons for their 
withdrawal from the study. 
 

Withdrawal process 

Written consent will be sought from patients. Patients will be reassured that they can 
withdraw from the study at any time, without giving reasons. Withdrawal will not affect their 
clinical care. This is also stated in participant information leaflet.  
 

Data Management process (data management, storage and access) 

Paper records will be accessible only to authorised researchers, Sponsor representatives 
and individuals within the direct care team of participants and stored at all times in a 
securely locked filing cabinet. 
At the study office, any paper records (such as consent forms and case report forms) will 
be stored securely behind three levels of security. The records will be stored in a locked 
filing cabinet inside a locked room, which is located on a corridor with restricted swipe card 
access. 
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The Study Office belongs to the University of Birmingham and is located within 
Birmingham Women's Hospital. The computers are linked to the University's network and 
all electronic data will be stored and accessed from the University's servers. 
Anonymised research data generated from the study will be stored on the dedicated 
secure data storage system. Only individuals with the necessary approvals will be able to 
access any of these data. Laboratory research data and records will be stored according 
to local regulations and requirements. This data will be anonymised. 

Data analysis  

Outcome data will be gathered to assess return and continuation of ovarian function by 
testing for ovarian reserve markers (AMH, FSH and oestrogen) at 6 months and 12 
months post-operatively. Reference ranges appropriate for the age will be used to define 
restoration of ovarian function. Data will be analysed descriptively.   
Furthermore, patients will be asked to complete a questionnaire at 6 month and 12 month 
appointments regarding patient experience of side effects related to surgery, menopausal-
like symptoms, return of menses and effect on pre-existing symptoms of benign disease 
e.g. endometriosis related pelvic pain. The data from the same questionnaire filled out at 
initial consultation will also be included in the analysis.  
The minimum number of patients to be included is 30 over a 12-month period with a follow 
up of another 12 months.  
 

Patient & Public Involvement 

Patients, service users, and/or their carers may be involved in dissemination of findings. 
We intend to contact charities and share our results and these charities may disseminate 
our findings. 

Protocol Compliance  

Monitoring and auditing of conducting of research will be carried out as per Standard 
Operating Procedures of University of Birmingham 
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Definition of End of Study and Archiving 

The trial will end in October 2020 (two years of recruitment and follow up) by which the 
follow up for last patient shall be concluded. All the data collected will be stored for 10 
years.  
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Appendix 6. The Menopause-specific Quality of Life (MENQOL) questionnaire. 
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Appendix 8. Ethical approval for OysTER study. 
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Pro essor Arri Coomarasamy 
Pro essor o  Gyanecology 
University o  Birmingham 
Academic Unit     
3rd Floor Birmingham Women's Hospital  Mindelsohn Way  
Birmingham  
B15 2 G 

 
Email: hra.approval@nhs.net 

Research-permissions@w ales.nhs.uk 

 
30 November 2018 RE SSUE  
 
Dear Pro essor Coomarasamy     
 
 
 
 
Study title  Ovarian transplantation for preserving endocrine and 

reproductive function 
IRAS project ID  246841  
Protocol number  n/a 
REC reference  18/EM/0338   
Sponsor University of Birmingham 
 
 am pleased to con irm that HRA and Health and Care Research Wales (HCRW) Approval has 
been given or the above re erenced study  on the basis described in the application orm  protocol  
supporting documentation and any clari ications received  You should not expect to receive anything 
urther relating to this application  

 
How should I continue to work with participating NHS organisations in England and Wales? 
You should now provide a copy o  this letter to all participating NHS organisations in England  and 
Wales  as well as any documentation that has been updated as a result o  the assessment   
 

his is a single centre study completed as part o  an educational project    he R&D o ice will con irm 
to you when the study can start ollowing issue o  HRA and HCRW Approval  
 
t is important that you involve both the research management unction (e g  R&D o ice) supporting 
each organisation and the local research team (where there is one) in setting up your study  Contact 
details o  the research management unction or each organisation can be accessed here  
 
How should I work with participating NHS/HSC organisations in Northern Ireland  and 
Scotland? 
HRA and HCRW Approval does not apply to NHS/HSC organisations within the devolved 
administrations o  Northern reland and Scotland  

HRA and Health and Care 
Research Wales (HCRW) 

Approval Letter 
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Appendix 10. Enhancing Transparency in Reporting the Synthesis of Qualitative Research 
(ENTREQ) Guidelines Checklist.  
 

No Item Guide and description Page 
No. 

1 Aim State the research question the synthesis addresses. See 
Chapter 
4 

2 Synthesis 
methodology 

Identify the synthesis methodology or theoretical framework which underpins the 
synthesis, and describe the rationale for choice of methodology (e.g. meta-
ethnography, thematic synthesis, critical interpretive synthesis, grounded theory 
synthesis, realist synthesis, meta-aggregation, meta-study, framework synthesis 

See 
Chapter 
4 

3 Approach to 
searching 

Indicate whether the search was pre-planned (comprehensive search strategies 
to seek all available studies) or iterative (to seek all available concepts until they 
theoretical saturation is achieved). 

See 
Chapter 
4 

4 Inclusion 
criteria 

Specify the inclusion/exclusion criteria (e.g. in terms of population, language, 
year limits, type of publication, study type). 

See 
Chapter 
4 

5 Data sources Describe the information sources used (e.g. electronic databases (MEDLINE, 
EMBASE, CINAHL, psycINFO, Econlit), grey literature databases (digital thesis, 
policy reports), relevant organisational websites, experts, information specialists, 
generic web searches (Google Scholar) hand searching, reference lists) and 
when the searches conducted; provide the rationale for using the data sources. 

See 
Chapter 
4 

6 Electronic 
search 
strategy 

Describe the literature search (e.g. provide electronic search strategies with 
population terms, clinical or health topic terms, experiential or social phenomena 
related terms, filters for qualitative research, and search limits). 

See 
Chapter 
4 and 
Appendi
x 11 

7 Study 
screening 
methods 

Describe the process of study screening and sifting (e.g. title, abstract and full 
text review, number of independent reviewers who screened studies). 

See 
Chapter 
4 

8 Study 
characteristic
s 

Present the characteristics of the included studies (e.g. year of publication, 
country, population, number of participants, data collection, methodology, 
analysis, research questions). 

Table 11 

9 Study 
selection 
results 

Identify the number of studies screened and provide reasons for study exclusion 
(e,g, for comprehensive searching, provide numbers of studies screened and 
reasons for exclusion indicated in a figure/flowchart; for iterative searching 
describe reasons for study exclusion and inclusion based on modifications t the 
research question and/or contribution to theory development). 

Figure 
31 

10 Rationale for 
appraisal 

Describe the rationale and approach used to appraise the included studies or 
selected findings (e.g. assessment of conduct (validity and robustness), 
assessment of reporting (transparency), assessment of content and utility of the 
findings). 

Appendi
x 12 

11 Appraisal 
items 

State the tools, frameworks and criteria used to appraise the studies or selected 
findings (e.g. Existing tools: CASP, QARI, COREQ, Mays and Pope [25]; 
reviewer developed tools; describe the domains assessed: research team, study 
design, data analysis and interpretations, reporting). 

See 
Chapter 
4 and  
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Appendi
x 12 

12 Appraisal 
process 

Indicate whether the appraisal was conducted independently by more than one 
reviewer and if consensus was required. 

See 
Chapter 
4 and 
Appendi
x 12 

13 Appraisal 
results 

Present results of the quality assessment and indicate which articles, if any, 
were weighted/excluded based on the assessment and give the rationale. 

143,  
Appendi
x 12 

14 Data 
extraction 

Indicate which sections of the primary studies were analysed and how were the 
data extracted from the primary studies? (e.g. all text under the headings 
“results /conclusions” were extracted electronically and entered into a computer 
software). 

See 
Chapter 
4 

15 Software State the computer software used, if any See 
Chapter 
4 

16 Number of 
reviews 

Identify who was involved in coding and analysis. See 
Chapter 
4 

17 Coding Describe the process for coding of data (e.g. line by line coding to search for 
concepts) 

See 
Chapter 
4 

18 Study 
comparison 

Describe how were comparisons made within and across studies (e.g. 
subsequent studies were coded into pre-existing concepts, and new concepts 
were created when deemed necessary) 

See 
Chapter 
4 

19 Deviation of 
themes 

Explain whether the process of deriving the themes or constructs was inductive 
or deductive 

See 
Chapter 
4 

20 Quotations Provide quotations from the primary studies to illustrate themes/constructs, and 
identify whether the quotations were participant quotations of the author’s 
interpretation. 

See 
Chapter 
4 

21 Synthesis 
output 

Present rich, compelling and useful results that go beyond a summary of the 
primary studies (e.g. new interpretation, models of evidence, conceptual 
models, analytical framework, development of a new theory or construct). 

See 
Chapter 
4 
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Appendix 11. Search strategy for systematic review and thematic synthesis (Chapter 4).  
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Appendix 16. Interview consent form. 
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Appendix 17. Interview guide 

 
Research questions 
 
Views, motivations and expectations of women considering ovarian tissue cryopreservation (OTC) 
 
Why women seek ovarian tissue cryopreservation?  
 
Why women choose after consultation to proceed, or not with, ovarian tissue cryopreservation? 
 
What is the impact of a diagnosis of sub-optimal fertility on women who seek ovarian tissue 
cryopreservation?  
 
What motivates women to seek ovarian tissue cryopreservation 
 
What women understand about ovarian tissue cryopreservation 
 
The decision-making process once they have undergone initial assessment and aware of their 
fertility and eligibility for OTC 
 
The impact of their decision-making and meaning of fertility and/or hormonal preservation.  
 
Topics covered 
 

● Women’s understanding of ovarian tissue freezing. 
● How did they find out about it. 
● What made them want to explore whether this procedure is for them. 
● Depending on the results from blood tests and scan the following would be explored: 

-Intention to proceed with the procedure 
-What they hope to gain from OTC. If this is fertility related, it would be explored further.  
Any issues arising as result will be discussed. If it is related to hormonal purpose, concerns related 
to menopause will be explored. 

● If the women are not eligible for the procedure, it will be explored how that has made them 
feel. 

 
Women with marginal results 

 
Furthermore, any women with marginal results to be explored separately. Their intention to 
proceed with the procedure despite marginal results for ovarian tissue cryopreservation will be 
explored. The following topics will be covered: 
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Appendix 19. Published protocol for qualitative study (Chapter 5).  
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Appendix 20. Published paper.  






