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While still considered an experimental procedure in most coun-
tries, ovarian tissue cryopreservation and transplantation has been
increasingly applied worldwide to restore fertility in patients with
malignant and non-malignant pathologies with risk of premature
ovarian insufficiency. It has yielded more than 130 live births up to
now and almost all transplanted patients recovered their ovarian
function. This study summarizes ovarian tissue cryopreservation
and transplantation indications, procedures, their efficacy and
main results and proposes different strategies to improve this
strategy. Although the main focus of this study is on ovarian tissue
cryopreservation and transplantation as a strategy to restore
fertility, we believe that it is also important to discuss other ap-
plications for this approach.
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Introduction

Recent progress in oncology has significantly increased the survival rates in cancer patients,
giving rise to a new issue for cancer survivors: fertility restoration after disease remission. Inwomen,
treatments, such as chemo/radiotherapy, can be very harmful to the ovaries, often causing loss of
both endocrine and reproductive functions. For this reason, different strategies have been proposed
to preserve/restore their fertility. When gonadotoxic treatment cannot be delayed, ovarian tissue
cryobanking appears to be the most promising way of preserving a patient's fertility. This technique
is also the sole means of safeguarding fertility in prepubertal girls. At present, autotransplantation is
the only option able to re-establish ovarian function from cryopreserved ovarian tissue in cancer
survivors.

Ovarian tissue cryopreservation (OTC) and transplantation (OTCT) has also been increasingly
proposed to patients with non-malignant pathologies with risk of premature ovarian insufficiency
(POI) [1]. Indeed, OTCT has been offered to women undergoing oophorectomy for benign ovarian
conditions (ovarian tumours or torsion and endometriosis) or bone marrow or stem cell trans-
plantation (patients with thalassemia major or aplastic anaemia), patients with endocrine or genetic
diseases (Turner syndrome and galactosemia) or autoimmune diseases that required chemotherapy
(severe lupus carditis, glomerulonephritis and Beḩcet's disease) [1,2]. OTCT in patients with onco-
logic or non-oncologic diseases has resulted in restoration of endocrine function in around 93% of
cases [3] and more than 130 live births to date [4]. Despite these successful results, it is still
considered an experimental procedure in most countries. Hopefully, with the increasing amount of
data demonstrating its efficacy and safety, it will become an established practise in the near future,
as it already is in Israel [5].

Although the most common indication for OTCT is fertility restoration, it can be also proposed
as a strategy to postpone menopause in healthy women [6]. A couple of centuries ago it was un-
usual for a women to live long enough to experience menopause, nowadays with the significant
increase of life expectancy, women may spend almost half of their lives in menopause. This syn-
drome can result in different pathological conditions that permanently affect women's wellbeing,
such as osteoporosis, heart diseases, diabetes, hypertension, sexual dysfunction, dementia and
depression [7]. OTCT could be a physiological option to provide serum levels of female hormones,
avoiding the risks linked to pharmacological hormone replacement therapy whilst promoting a
positive impact on women health status and quality of life. It is also worth mentioning that
postponing menopause would result in a significant decrease in healthcare costs associated with
its side effects.

While an increasing number of centresworldwide have been offering OTCT to their patients, there is
still no consensus on the cryopreservation and transplantation procedures. Probably because protocols
have been empirically developed and vary among laboratories, and we still do not fully understand the
effect of cryopreservation and transplantation on the ovarian tissue. OTCT success rate varies from 23%
to 41% [4]. Finally, it is also important to highlight that most centres do not have standardized
guidelines for quality control and quality assurance when implementing an OTC program and this can
affect the outcomes of this strategy [8].

In this review, we will summarize OTCT procedures, their efficacy worldwide, propose improved
strategies, and discuss the potential for further applications.
Cryopreservation procedures

Ovarian tissue retrieval and preparation prior cryopreservation

Despite of being a relatively simple procedure, ovarian tissue retrieval and preparation should be
carefully executed in order to avoid any unnecessary damage to the biopsy. Tissue preparation includes
removal of the medullary part and cutting the cortex into a pre-established size that allows for
permeation of cryoprotectant agents (CPA) and effective reestablishment of blood perfusion and follicle
activity after grafting, and to avoid excessive follicular loss [9].
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Slow freezing versus vitrification

There is no consensus regarding the optimal procedure to cryopreserve ovarian tissue. While an
increasing number of groups have been adopting vitrification procedures [10], most centres still apply
conventional freezing, which has resulted in a greater number of live birth. Interestingly, human
ovarian tissue freezing protocols [12,13] are usually adaptations of the protocol developed by Gosden
et al. [11] for sheep ovarian tissue. In most protocols, DMSO is the CPA of choice [12e15], but some
groups use propylene glycol [16,17] or ethylene glycol [18]. Sometimes, sucrose is also added [16,18]
with the aim to decrease the risk of cryoinjury.

On the other hand, since vitrification requires higher concentrations of CPAs, which can be
potentially toxic to cells and follicles, procedures for human ovarian tissue usually apply a combination
of different permeable CPAs [17,19,20] to decrease the specific toxicity of individual CPAs [21]. However,
the only reported live birth obtained from vitrified ovarian tissue was when a single permeable CPA
(ethylene glycol) was used [22,23].

It is important to bear in mind that it is not possible to affirm which is the optimal OTC protocol.
According to Meirow et al. [24] and Suzuki [25], since we cannot quantify the primordial follicle
population in the ovarian fragments before and after cryopreservation and transplantation, it is
impossible to calculate the protective effect of a given OTC protocol.

Main findings

Since there is no worldwide registry of ovarian autotransplants [10], we do not know precisely the
success rate of OTC. However, Gellert et al. [26] examined all peer-reviewed reports of OTCT and
showed that there are 318 transplantations of cryopreserved ovarian tissue worldwide. In this group,
95% of the patients recovered their ovarian function and the pregnancy rate was as high as 40.5% [26].
Regarding the graft life span, in some cases, it can be more than 10 years [27].

Validation of new cryopreservation protocols

Currently, there is no optimal procedure to cryopreserve human ovarian tissue. While a few of the
current protocols can yield pregnancies and live births, all of them offer different types and degrees of
damage to ovarian tissue and follicles [21]. Aiming to improve follicular survival, numerous groups
worldwide have been working on the development or optimization of OTC protocols. While at first
some results seem encouraging after an initial analysis of follicle morphology [28], ultrastructure [29],
viability [30], the conclusive proof of ovarian tissue function after thawing/warming are follicular
development and hormone synthesis. For that, the optimal approach to evaluate an OTC protocol is the
transplantation. Xenotransplantation of thawed/warmed tissue to an immunodeficient animal allows
the assessment of ovarian tissue activity reestablishment and follicle ability to survive and develop
after cryopreservation. It is more relevant to the clinical setting in comparison to in vitro culture, since
it simulates the autotransplantation procedure in terms of post grafting ischemic stress [31]. Using
animal models for studies of human reproduction, such as non-human primates [32], sheep [33] and
cows [19] is another excellent strategy to validate OTC protocols as it can evaluate restoration of ovarian
function and fertility.

Transplantation of ovarian tissue

Surgical aspect of ovarian tissue preservation

Surgical technique of ovarian tissue retrieval and transplantation are crucial for the success of OTC.
As OTC is a developing process, there is no consensus on the technique in both literature and clinical
practice. The principles of surgical techniques are based on three points: (i) ovary anatomical and
histological architecture; (ii) microsurgical principles of the conservative surgery, which aims to pre-
serve the ovarian and graft function by reducing the traumatic and ischaemic damage, and (iii) bio-
logical principles of graft survival and its incorporation into the host tissue. Wewill outline the current
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reported techniques with the critical assessment of its impact and success and propose a standard
technique to be adopted.

Ovarian tissue retrieval

Ovarian tissue retrieval (OTR) aims to collect enough tissue with follicular volume that could stand
some loss (due to ischemia or freezing) and still can function after transplantation for a reasonable
duration of time. On the other hand, OTR should also have a minimal impact if any on the existing and
future ovarian function. An ovarian function could be affected due to the reduction in the reserve or due
to direct or energy mediated damage of the remaining ovarian tissue.

OTR could be done by removing one of the two ovaries (oophorectomy) or removing part of the
ovarian cortex (partial decortication) or having small ovarian biopsies. A systematic review of all
published literature related to OTR techniques concluded that unilateral oophorectomywas the chosen
technique in 11% of cases, partial decortication (removal of 1/3 to 1/2 of one ovary) in 79% of cases and
ovarian multiple biopsies in 8% of cases [34].

Removal of the whole or most of one of the ovaries is expected to be associated with a significant
reduction of the ovarian reserve. However, its impact on the ovarian function (hormonal and fertility) is
far less than expected. The three largest population studies [35e37] of the age of menopause in patients
who had unilateral oophorectomy in comparison to those with intact ovaries revealed no significant
difference in the risk of early or premature menopause between the two groups with around 1-year
difference in the age of menopause. The studies included different populations with nearly similar
outcomes. However, a study with smaller numbers of patients suggested an increased risk of early
menopause after unilateral oophorectomy [38]. In the view of this, partial decortication or biopsies may
be preferable than oophorectomy, except in caseswith a very high risk of premature ovarian failure [3,4].

There is contradicting evidence regarding the impact of ovarian surgery (cystectomy, endome-
trioma excision, wedge resection) on ovarian reserve. The studies, which showed some impact, have
been attributed to (i) loss of some follicular tissue; (ii) traumatic injury of ovarian tissue or its blood
supply, or (iii) energy-mediated damage of the ovarian tissue or its blood supply [39]. All haemostatic
methods used during ovarian cystectomy have been shown to have a potentially harmful effect on the
nearby ovarian tissue and could possibly compromise ovarian reserve. Deckers et al. [40] reported a
systematic review of all haemostatic methods during endometrioma excision and its impact on ovarian
reserve. They suggested that diathermy is more detrimental to ovarian reserve than alternative hae-
mostatic methods. According to the best available evidence, the use of monopolar coagulation should
be avoided and the bipolar diathermy should be used with cautious, even avoided when possible
during endometrioma excision in womenwho desire to have children. The same conclusionwas made
by the studies looking at ovarian cysts in general. It makes sense to use such evidence to address the
surgical technique of the ovarian decortication or ovarian biopsy on the function of the remaining
ovarian tissue.

Another important aspect of the retrieval is the adhesiogenesity. Adhesion formation can be
associated with pain and distortion of tuboeovarian axis, which might compromise the chance of
spontaneous conception.

The following technique of ovarian decortication is developed by ProFaM (UK) and aims to develop
the evidence base standard technique for decortication:

� Four port laparoscopy is used and the ovary is gently supported;
� Diluted vasopressin is injected by the fine needle to stretch the ovarian cortex and reduce the
bleeding from the ovarian tissue;

� 2/0 stay stitch of the ovary is used for manipulating the ovary and applying traction on the cortex
during the retrieval;

� Outlining the strip by using a curved micro scissor, 1e1.5 mm deep cuts of rectangular strip account
1/3 to ½ of the ovary as agreed in the consent;

� Shaving the cortical strip from the underlying hilum with use of the scissor is done;
� Retrieval of the tissue after pulling on the stay stitch through opened valve trocar;
� One or two simple inverted stitches using prolen 5/0 for edge approximation.
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Ovarian tissue transplantation

Graft take is a term used to describe the process of incorporation of the graft tissue into the host bed.
There are four stages of the process of graft take: (i) fibrin adhesion; (ii) plasma imbibition; (iii)
revascularisation with inosculation and capillary ingrowth, and (iv) remodelling with complete
revascularisation and adhesion in normal histological architecture. The success of graft take depends
on the extent and speed of the vascular perfusion.

Ovarian tissue transplantation (OTR) is either orthotopic or heterotopic (Table 1). Orthotopic
transplantation implies the grafting of cortical strips to their natural site (the ovary) or very close to the
natural site with similar environmental condition (pelvic peritoneum or broad ligament). Heterotopic
transplantation implies grafting the ovarian tissue outside the natural location and environment.
Different sites have been reported including forearm, abdominal wall, subperitoneal space and chest
wall [41].

Positive graft survival has been reported in both types of transplantation, including hormonal and
follicular activities (Table 1). However, all but two of the reported pregnancies happened in the patients
having orthotopic OTT suggested the very significant superiority of this site for the fertility restoration
[26]. This has been explained by a study showing that oocytes collected from heterotopic grafted
ovarian tissue exhibited lower embryo developmental potential than orthotopically OTT [26]. There-
fore, one can conclude that orthotopic OTT is the recommended method for fertility restoration and it
can also be the standard method for hormonal restoration in the absence of fertility desire.

Orthotopic OTT has been reported with similar success either in the ovary (after decortication)
whether the ipsilateral or the contralateral one of the retrieval side, or the peritoneal pouch in the
region of the pelvic wall close the ovary or in combinations of these options. The systematic review of
the reported transplantation sites revealed that 86% were orthotopic, 8% were heterotopic and 6% were
combined orthotopic and heterotopic. In the orthotopic group, nearly 40% was ovarian, 37% was
peritoneal and 24% was combined ovarian and peritoneal [26].

There is a broad consensus regarding the route used for surgical access. Nearly all of the centres
favoured the laparoscopic access. However, robotic surgery and mini laparotomy have also been
reported.

The amount of transplanted tissues depends on the amount of the frozen tissue, desired frequency
of transplantation and aim of transplantation. Gellert et al. [26] reported that the average amount of
transplanted tissue at the first OTT corresponded to 46% of the total amount of the frozen tissue, with
an average area of 294 mm. In the second OTT, an average amount of 37% of the frozen tissue with an
average of 263 mm, while the third transplantation used an average of 38% with an average area of
455 mm.

Three essential steps with variable techniques have been reported for OTT:

1 Extracorporeal preparation of the strips either by microscopic suturing to produce a bigger strip
using nylon 9/0 [42] or suturing the strips into biological scaffold-like Alloderm [43] to produce a
bigger piece and might help with revascularisation. Many units are not using either technique [3].
Table 1
Orthotopic versus heterotopic OTT.

Heterotopic OTT Orthotopic OTT

Nature of procedure Less invasive More invasive
Site of transplantation Forearm, abdominal wall, sub-peritoneal Ovary and/or peritoneal pocket
Environment for follicular development Suboptimal Optimal
Spontaneous pregnancy Unfeasible Very feasible
Fertility Not well demonstrated Well demonstrated
Access for monitoring Easy access May be difficult
Hormonal function Well demonstrated Well demonstrated
Duration of graft 6 months to 7 years 2e10 years
Removal of the graft Very feasible Challenging
Future use Hormonal replacement Fertility restoration
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2 Decortication of the ovary by removing similar size strip of the non-functioning cortex to the
intended graft. Strict haemostasis is undesirable, as little bleeding will produce a better fresh host
environment for the graft and better revascularisation.

3 Fixation of the graft to the ovarian decorticated host tissue. This can be achieved either by micro-
suturing or glue fixation or both depending on the local protocol [3,4].

Peritoneal transplantation can be carried out immediately after peritoneal pocket preparation or as
a second transplantation in a second surgical procedure. One peritoneal pocket has been usually used
but two-pocket transplantation has also been reported. Peritoneum was incised without coagulation.
Management of the strips and its fixation are similar to above. Peritoneum is either closed over the
strips or left for spontaneous adaptation. Suturingwill provide better fixationwhichmight improve the
graft take. However, it might increase the trauma or initiate a granulomatous reaction, which can affect
the survival [3]. Further research is required to provide the best way of OTR.

To improve the revascularisation, there are two supplementary steps that can be applied:

1 Stem cell infiltration to the host tissue [44];
2 Two surface revascularisation either by tunnelling the ovarian tissue under the cortex or sticking

vascularised omental graft over the transplanted tissue.

The period from OTT to restoration of the graft function has been on average of 4 months with 1.5
months standard deviation [3,26]. Following transplantation, it is recommended to commence the
patients on hormone replacement to lower the high follicular stimulation hormone for two months in
order to avoid the overstimulation of the graft once it resumes its activities (graft burn out).

Bechman et al. [45] reported one single complication linked to transplantation surgery in their cen-
tralised network for OTCT, the FertiPROTEKT. In 37 OOT procedures, only 1 (1.4%) had a conversion from
laparoscopy to laparotomy with no other intraoperative or postoperative complications. The complica-
tion rate of less than 1% has been reported as well by Meirow et al. [46]. We can therefore conclude that
OCT is a safe technique with low complication rate similar to the risk of diagnostic laparoscopy.

Explicit histological examination of the ovarian tissue before transplantation was reported in 50.7%
of the transplantation [3].

Cryopreservation and transplantation of ovarian tissue: main centres and networks worldwide

The success of OTCT has led to numerous service providers setting up and offering the services to
various patient groups, particularly girls and women requiring fertility preservation before cancer
treatment. Although professional bodies have taken a conservative view, still regarding OTC as an
‘experimental’ technique, clinical practice has moved forward; for instance, robust OTC clinical services
have been in place for over a decade in Belgium, Denmark, Israel and Spain [1,3,5,26,27]. In this section,
we provide a brief overview of some of the main centres and networks offering OTC.

We have also attempted to capture the reported success rates of the main centres and networks,
although this endeavour is made difficult by at least three factors. Firstly, there is often a long interval
between ovarian tissue retrieval and transplantation; although several thousands of women have now
had ovarian tissue preservation, only a few hundreds have had transplantation [3,26]. Such a small sample
size results in imprecise estimates of success. Secondly, there ismuchheterogeneity in the population (e.g.
indication for OTC, female age, baseline ovarian reserve, and co-morbidities) and the techniques (e.g.,
amount and dimensions of the surgical specimen retrieved, freezing and thawing techniques, and
transplantation approaches) that providing a single success rate is of limited practical value. Thirdly, there
is no consistent reporting of the success rates by the various centres, presumably at least partly because of
the first two issues, making it difficult to make an overall assessment of success rates.

European centres and networks

‘The ESHRE Working Group on Oocyte Cryopreservation in Europe’ carried out a questionnaire
survey of 34 European countries in 2015 to understand oocyte and ovarian tissue preservation practices



C.A. Amorim et al. / Best Practice & Research Clinical Endocrinology & Metabolism 33 (2019) 89e102 95
at the country level [47]. The questionnaires were returned by 24 countries, of which 12 reported to
have an OTC service (Table 2); this is likely to be an incomplete list as countries like UK and Spain
(which are known to have OTC services) were absent from the list.

During the 5 years from 2010 to 2014, a total of 4474 OTCs and 185 OTTs were reported in the 12
European countries. As these data exclude UK and other countries that did not complete the ques-
tionnaire, the true numbers are likely to be over 5000 OTCs and over 200 OTTs during this period,
giving estimated averages of 1000 OTCs/year and 40 OTTs/year in Europe. For comparison, 34,705
oocyte cryopreservations were reported during this 5 year period, of which 10.9% (~3800) were for
women with ‘serious’ conditions such as cancer. These figures thus indicate similar numbers of oocyte
and ovarian tissue cryopreservation procedures being carried out for cancer patients.

Germany, France and Belgium and Denmark have the greatest experience with OTC and OTT.

Germany: FertiPROTEKT

FertiPROTEKT was originally established in Germany in 2006 and has now expanded to include
other German-speaking countries, Austria and Switzerland. It is a network of over 100 university and
non-university centres. FertiPROTEKT provides clinical guidelines, sets standards of practice, offers
practice workshops, and audits practice and outcomes. FertiPROTEKT network is a considered a robust
blueprint for an OTC network, and a similar model has been adopted for a regionally centralised
cryobank in Beijing, China [48].

FertiPROTEKT accepts girls and women of up to 37 years with an age-appropriate ovarian reserve
[49], and excludes patients with high risk for ovarian metastasis (e.g. haematological malignancies).
Pregnancies can be achieved naturally or through in vitro fertilization. For instance, FertiPROTEKT Bonn
cryobank reported a success rate of 9 pregnancies in eight patients from a total of 24 women who had
transplantation, which is consistent with wider FertiPROTECT pregnancy rates of approximately 30% of
transplanted women [49].

Belgium

The pioneering Belgian OTCT group from Catholic University of Louvain was the first to achieve a
live birth after transplantation of frozen-thawed ovarian tissue in 2004 [12]. They have continued to be
one of the leaders in the field with important research and refinements in the surgical and laboratory
aspects of OTC and OTT. In the 15 year period from 1997 to 2012, 582 patients had ovarian tissue
preservation and by 2012, 11 patients had undergone transplantation. Currently, they have reported 15
live births after OTCT and a pregnancy rate of 33% [50].
Table 2
Numbers of ovarian tissue cryopreservation and transplantation procedures in 12 European countries (modified from Shenfield
et al. [47]).

Country Ovarian tissue cryopreservation
between 2010 and 2014

Ovarian tissue transplantation
between 2010 and 2014

Austria 147 1
Belgium 624 23
Denmark 346 34
Estonia 38 0
Finland 57 4
France 1096 29
Germany 1499 69
Italy 399 11
Netherlands 56 5
Norway 100 3
Slovenia 14 0
Switzerland 98 6
Total 4474 185
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France

France is only second to Germany in the number of OTCs carried out in Europe (Table 2), yet there is
limited information on coverage across France and success rates. The available evidence suggests the
success rates of OTT are similar to other European countries; for example, the DATOR group, which
developed the French protocol for ovarian tissue autografting, reported six children born after 15
ovarian tissue transplantations, performed between 2007 and 2016 [51].

United Kingdom

Ovarian tissue preservation is offered in Edinburgh [52], Oxford and Southampton in the UK. The
Edinburgh team has carried out important research into efficient tissue freezing and long-term storage
of ovarian tissues. In 1994, they were the first to demonstrate that spontaneous ovarian cycles and
fertility can be restored by auto-transplantation of ovarian cortex in an animal [11]. The UK coverage of
OTC service, however, remains patchy. Many girls and women who may benefit from OTC are not
offered the procedure, even when they have no other alternatives for fertility preservation (for
example, pre-pubertal girls). A new national service is currently under development through a private-
public partnership.

Non-European centres

OTC and OTT are available in many non-European countries, including the USA, Israel, South Korea,
Japan, China and Singapore. Israel is one of the leaders in OTCT [5,24,46,53] and this technique is no
longer considered an experimental procedure. The Fertility Preservation Centre at Tel-Aviv University,
Israel, published its success rates in 2016: after transplantation (n ¼ 20), there was endocrine recovery
in 93%, conceptions (both natural and IVF) in 53%, and live births in 32% [5]. On the other hand, there is
limited published evidence on success in the other aforementioned countries [22,23,42,54e59].

Future applications of this strategy

Recovery of ovarian function - teenager patients

Preserving fertility used to be considered only for those at risk of becoming sterile as collateral
damage to potentially life-saving medical therapy. Further, infertility was considered of secondary
importance to trying to save a life, and many patients were (and still many are) not referred on to
specialist clinics for fertility preservation. It soon became apparent by survivors of sterilizing cancer
therapy that a major effect on their relative quality of life was how they felt about being sterile. In such
cases egg donation was the only option for those wishing to become pregnant. In recent years embryo
freezing (if appropriate) following by technical improvements to encourage egg freezing became an
option for patients with benign disease and cancer, which was endorsed by the American Society for
ReproductiveMedicine [60]. However, thesemethods are only appropriate for postpubertal women, and
for those for whom cancer therapy can be delayed. OTC is remains the only option for perpubertal girls,
womenwho cannot delay chemotherapy or those who should not undergo follicular stimulation for egg
retrieval; indeed, several rounds of egg retrieval may be essential tomaximize opportunity of a live birth
[61]. As increasing numbers of prepubertal girls and postpubertal women survive cancer, and more
women with benign disease who may lose ovarian function prematurely seek efficacious methods to
preserve their fertility, alternatives to egg freezing have become a clinical imperative. The prospects of
using OTC today not only removes the need for ovarian stimulation, it provides the opportunity for
conception in vivo as well as in vitro for females of all ages who need to preserve their fertility.

Does the ovary resumes its function normally?

Following OTT ovarian function can be measured by follicular growth, recurrence of menstruation
but, most importantly by successful pregnancies. In a recent review [26], 95% of OTT (ovarian tissue
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transplantation) cases (n ¼ 318) could be classified as having restored ovarian function, which took on
average 4.0 months for follicular function. They reported 131 pregnancies with 46% (87) live births, all
of whom underwent bilateral oophorectomy. Forty-four deliveries occurred from spontaneous
conception, and of these 84% were menopausal before pregnancy. Of the 43 deliveries following IVF
75% were menopausal before successful conception. It was further reported that in three women who
were menopausal before OTT, each had a consecutive pregnancy resulting in three contiguous de-
liveries of healthy babies. Donnez et al. [3] reported a woman of 17 years who delivered three times
after one orthotopic OTT in the ovary following OTC for a neuroectodermal tumour. A woman of 22
years recently gave birth following OTC when aged 12 and OTT at 20 following IVF at the CARE Fertility
Clinic, London.

A woman having had OTC aged 24 conceived 4 times after orthotopic transplantation in Israel [61]
and in Denmark a woman having had OTC aged 27 due to Ewing Sarcoma had three healthy babies, the
third nearly six years after six pieces of OTT [62].

Predicting the life-span of grafts has been difficult because of varying parameters of OTC, the
women themselves, such as their age, and grafting techniques employed in the different clinics world-
wide. Women of the same age may have different ovarian size by as much as 4e12 ml volume, and the
period of ovarian function may vary from one year to up to 10 years [27]. Evenwhen the most effective
and consistent OTC and grafting methods are developed individual female circumstances will remain.
This will alwaysmake accurate predictions of outcome as difficult as any reproductive program, such as
IVF for example.

However, because of current success, and in different clinics around the world, experienced prac-
titioners recently called for OTC and OTT no longer to be considered experimental [63].

Menopause postponement

Successful OTC and OTT may eventually be of considerable health benefit to women. For the first
time in human evolution it is expected that most womenwill be in themenopause considerably longer
than at anytime in history. Life expectancy for most girls born today in advanced nations is expected to
reach and exceed 100 years [64]. The population of US women older than 80 years is expected to in-
crease bymore than 15million over the next three decades [65], and demographic data do not support
life spans beyond the eighth decade as a frequent naturally occurring event [66,67]. Octogenarians of
bygone eras were only those whowere themost vigorous [68], but contemporary medical science does
not favour only those best selected to survive menopause-induced somatic aging [69]. Such population
dynamics, coupled with the sequalae of hypo-oestrogenic environment of menopause such as
increased risk of cardiovascular disease, osteoporosis, vasomotor symptoms, depression, urinary in-
continence, sexual dysfunction, diminished cognitive function [70e77], for example, is a major
increasing health economic issue, especially in economically advanced nations. Examples from North
America demonstrate that just for osteoporosis the medical expense in Canada was estimated to rise
from Can$1.3 billion in 1993 to approximately Can$32.5 billion in 2018 [78], and in the USA the cost of
treating broken bones was approximately $18 billion in 2006 [79] highlight the concerns.

The risks of the long term hypoestrogenic state may be alleviated to some extent by hormone
replacement therapy (HRT) when started early in perimenopausal state, but this is believed to benefit
women for only a relatively short number of years of the expected menopausal period; and HRT is not
for all women. The question of increased risk of breast cancer and cardiovascular disease has been
raised but this has been shown to have none to marginal increase [70]. Furthermore, although HRT is
designed to mimicmonthly ovarian steroid injection, drug therapy never equates to natural rhythmical
transitions of physiological hormone secretion. Hence the call for ‘new strategies for long-term oste-
oporosis prevention’ [80]. OTC/OTT would make use of the huge endogenous store of ovarian follicles
that would otherwise undergo atresia, and over time improved cryopreservation techniques is likely to
improve this opportunity.

Have we now reached the point where declining birth rates, aging first time mothers and evidence
of increasing infertility, along with the need to develop new strategies for postponing the menopause?
We would argue ‘yes’. It is well established that women with one ovary have no reduction in their
fertility potential as a woman with two ovaries [81]. Although about 20% fewer mature follicles are
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produced by women with one ovary, there is a compensatory hypertrophy equally reducing atresia
[81]; and the age at menopause is only marginally affected by unilateral oophorectomy, by around one
year [35,36] thereby having little effect on fertility per se should the tissue be removed when young.
Balanced against the prospect of a significant period of menopause postponement this would support
the medical benefit and use of OTC/OTT as a potential health economic strategy. Reports of women
having experienced at least a decade of menstrual activity following amenopausal state, and the report
from Anderson and Kirstensen [80] of a woman experiencing more than 10.5 years having used only
62.5% of her cryopreserved ovarian tissue, makes OTC/OTT seem eminently sensible. The evidence thus
far has been gathered mainly fromwomenwho have not had their ovarian tissue stored at a young age
for the purpose of postponement of the menopause, but for fertility preservation, usually for cancer or
benign disease. From the discussions above there is every good reason to predict that the preservation
of young ovarian tissue that was not utilised for fertility and becomes available solely for menopause
postponement may procure beneficial longevity of the premenopausal on most women [80,82].

Ethics

Would it be ethical to remove and cryopreserve ovarian tissue for menopause postponement?
Would it be ethical, or less unethical, if OTC were undertaken for the purpose of fertility preservation,
for medical or non-medical purposes, but used for postponing the menopause? Indeed, would it be
unethical to prevent a woman with stored ovarian tissue from using it to postpone the menopause?
What ethical principles are at stake?

Autonomy of patients has been one of the five pillars of ethical consideration. People have (or
should have) a right to their personal reproductive proclivity and healthcare options, and to use
whatever means is technically possible within the confines of what is deemed safe and appropriate
medical practice. Notwithstanding this ethical right, mixed regulation and legislature across varying
geographical regions in the field of assisted conception in particular often places such decision making
outside of true ethical principles and more in the realm of social acceptance; which itself changes over
time. As a right, with proper informed consenting procedures patients should be free to make choices;
and those choices may indeed be a hedge on their future health opportunity, especially if medical
science appears to be moving conclusively in that direction. Exampling assisted conception further;
oocyte preservation for fertility preservation a decade ago would not be recommended except in cases
of medical emergency because the efficacy of the technology at that time was poor. Today, with
advanced vitrification procedures guidelines have changed and egg freezing for non-medical fertility
preservation is welcomed and practiced by thousands of women. Would women who would wish to
consider OTC today for either or both fertility preservation and delaying menopause, and who were
adequately informed of the state of knowledge be thankful to be denied if indeed in a decade's time
their tissue could have procured an additional 10e15 years pre-menopausal physiology? Are we
currently at the point where, in appropriately experienced hands it could be considered unethical to
deny those requesting OTC?

Could this position bring us to beneficence, such that the balance of risks and future benefit may
support intervention requested by the sufficiently informed patient? We could argue that the current
state of OTC/OTT in experienced hands offers the opportunity to promote patient well-being, not just
physically, but emotionally - especially in high-income countries where there is rising concern over
fertility, and, possibly within a decade, apprehension over having little other than HRT to offer women
approaching 40 years in the menopausal state.

The principle of non-maleficence (primum non nocere) ‘do no harm’ is essential to any ethical
consideration. As described, ample data now exists demonstrating no material effect on a woman's
fertility should she have one of two ovaries removed, and no evidence of only part of one of two
ovaries. The possible effect of an induced early onset of menopause by approximately one year is
balanced against the potential to delay menopause for considerably much longer. Arguments against
the use of OTC stating that survival is not uniform, varying from a few months to several years, are
unsatisfactory. In vitro fertilization, for example, is not denied because many women fail to achieve a
pregnancy, or there is variable outcome such as failed egg collection or failed fertilisation; not to
mention treatments for terminally ill patients that reduce quality of life with little hope of significantly
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prolonging life. Well defined data now exists on the material benefit of OTC/OTT in high proportion of
patients.

It is true today, that OTT/OTT for non-medical reasons e and at this juncture includes the post-
ponement of menopause e would be unlikely to satisfy ‘justice’: the principle of fairness and equity.
But neither does spreading the burden of cost equally across society of several key therapies or even
assisted conception in all its forms adequately adhere to this principle. The cost and the manner in
whichmedical science has developed inmodern times has precluded this; but it is to be hoped that the
benefits that may accrue fromOTC/OTTwill over time become economically sensible formany societies
offering all encompassing healthcare options.

Last, but no least, the principle of ‘veracidity’ must be seen to be adhered to at all times.
What about the concerns of much older women who, still menstruating, may become pregnant e

heralding the feared era of geriatric obstetrics! There will be several strategies to deal with this, each
will be personalized. Initially graft survival will be considered with the prospect of its longest surviving
potential on the parameters available, and in associationwith the age of the woman. If the OTT is solely
for hormone replacement consideration heterotopic transplantation is an option. If women do notwish
to have menstrual bleeding then endometrial ablation is also an option, but as a further medical
procedure that requires detailed discussion.
Practice points

� OTCT has been successfully applied worldwide to preserve fertility in cancer patients and
womenwith different types of benign conditions that have a negative impact on their fertility.

� Proper assessment of the risk of ovarian failure, existing ovarian reserve and patient choice
have to be taken into account for the amount of the ovarian tissue needs to be retrieved

� Microsurgical principles need to be adopted to reduce the risk of graft's damage and
compromising ovarian function.

� Ultimately, OTCT could be also be applied as an alternative to recover ovarian function in
teenager patients and postpone menopause in older women.

Research agenda

� Cryopreservation and transplantation procedures for human ovarian tissue need to be
optimized.

� Creation of a worldwide OTCT registry is recommended to aid standardize outcomes.
� Study on systematic and local factors that can improve the revascularisation of the graft.
� Development of scaffolds to aid grafting of smaller ovarian tissue fragments.
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