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Abstract: Ovarian tissue cryopreservation (OTC) and transplantation is an innovative procedure
increasingly utilized to help preserve fertility after gonadotoxic treatments especially in cancer patients.
Approximately 30% of autotransplanted patients are able to achieve live birth, typically with the help of
in-vitro fertilization. Numerous techniques and grafting sites have been described to continue to increase
this figure. In the field of plastic surgery, tissue grafting has been successful performed for thousands of
years and knowledge in this area has been significantly refined. A qualitative review of the literature using
PubMed, Cochrane, SCOPUS and Medline databases was performed to look for articles relating to ovarian
tissue transplantation (OTT) and comparisons made to plastic surgery tissue grafting. Many parallels
were found between the principles of grafting in plastic surgery and the principles of OTT, including
pre-operative patient optimization, suitable donor site selection, tissue harvest and preparation, graft site
choice, immobilization of the graft and post-operative care. Consideration of the benefits and risks of using
orthotopic versus heterotopic recipient sites is also highly important with regards to graft take, morbidity
and ease of access of oocyte collection. We believe that ongoing discussion between disciplines can have the

potential to improve knowledge, surgical techniques and patient outcomes.
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Introduction relevant opportunity in that it enables the preservation of

many thousands of primordial follicles without ovarian

Increasing long-term survivorship after cancer highlights stimulation. It is the only option for prepubertal girls or

the fact that the effects of gonadotoxic treatment are in patients who have insufficient time to undergo ovarian

becoming increasingly important and the field of
oncofertility is rapidly expanding (1). Of all cancers
diagnosed in Australia in 2019, 6% were in adult women
under 45 years (2).

Several different options, such as egg and embryo
freezing, currently exist for fertility preservation. Ovarian

tissue cryopreservation (OTC) provides a uniquely
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stimulation to freeze eggs (1,3-5). It is considered an
innovative procedure by ESHRE guidelines and there have
been over 170 live births achieved worldwide following
subsequent ovarian tissue grafting (6,7).

Ovarian cortical tissue containing primordial follicles
is typically harvested laparoscopically prior to cancer
treatment and cryopreserved. When the patient is medically
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fit, in long-term remission or cured, desires fertility and
has been confirmed to have ovarian failure, ovarian tissue
transplantation (OTT) or grafting may be undertaken to
transplant the ovarian tissue to a well vascularized tissue
bed. Common locations include the remaining ovary, broad
ligament, ovarian fossa or other (heterotopic) locations such
as the abdominal wall (8,9). Depending on the location of
the grafting site, the process may allow for spontaneous
pregnancy in the future without in vitro fertilisation (IVF),
though this is commonly required (3).

It is believed that approximately 30% of autotransplanted
patients achieve live birth with the aid of this procedure
and experience with OTT is increasing rapidly (10).
Numerous surgical techniques have been documented,
with the selected method and graft location dependent
on patient circumstances such as the indication for
cryopreservation, presence of at least one ovary or previous
pelvic radiotherapy (4). While success rates are improving
every year, there is still a need to determine the optimal
approach regarding factors such as grafting site selection,
tissue volumes and other factors which may help reduce
post-graft follicle loss and improve chances of spontaneous
pregnancy (4,11). It is anticipated that increasing numbers
of women will be returning for ovarian tissue grafting,
further demonstrating the importance of the exploration of
these factors and further research in this area (8,12).

Cross-disciplinary collaborations synthesising expertise
to develop new approaches to address complex problems
have become an increasingly important part of medicine.
Plastic surgery techniques have previously been applied in
gynaecological procedures, predominantly using the upper
rungs of the reconstructive ladder, including vulval surgery,
congenital vaginal agenesis and fistula repairs (13). The
aim of this article is to explore the opportunity for plastic
surgery principles, in particular those relating to tissue

grafting, to be applied to the procedure of OTT.

Methods

An electronic literature review was conducted using the
PubMed, Cochrane, SCOPUS and Medline databases for
publications dated from 1988-2018 for all relevant full text
articles published in English, to evaluate surgical techniques
for ovarian tissue autotransplantation (AT). Initial searches
using the following MeSH terms were used: ovarian tissue
cryopreservation AND ovarian tissue auto-transplantation;
additional keyword searches were performed using
“ovarian tissue transplantation”, “ovary transplantation”,
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“ovarian implantation”, “ovary implantation”, “ovarian
tissue allografting”, “ ovary
allografting”. Articles abstracts and/or full article details
were then reviewed by two reviewers (GR, WMR) in order

to determine article suitability.

” o«

ovarian auto-transplantation”,

The published and peer-reviewed full-text articles
identified from this search were evaluated by reviewing
the titles and abstracts. Only the full-text articles which
reviewed or studied OTC and AT techniques which aided
in identifying gaps in our current knowledge were included.
In addition, the bibliographies of the included articles were
reviewed for further studies. Two reviewers (GR, WMR)
independently reviewed the included reports. Data from the
text, graphs, and tables were qualitatively analysed.

Inclusion criteria were articles related to OTT. Non-
English studies were excluded. Qualitative information
was sought regarding OTT as well as principles of tissue
grafting as used in plastic surgery to look for areas of
similarity and overlap. Table 1 summarizes some of the
similarities in findings, which we will discuss in more detail
in the following text.

Patient factors affecting graft take

Patient factors are highly important when considering graft
take. Most women undergo OT'T after a history of cancer
(commonly sarcoma, gynaecological and breast cancer
and Hodgkin disease), though some do so after benign
disease (14). Treatment follows successful oncological
therapy and in women who would like children and have
experienced ovarian failure as a result of their cancer
treatment (14). Numerous AT studies have compared
factors such as age, previous exposure to chemotherapy
or radiotherapy and amount of pelvic radiotherapy
received (10). So far, no specific evidence has been found
regarding the effect of patient comorbidities such as
diabetes or smoking on OTT success.

OTT should generally be performed at a maximum age
of 45 years, after discussion with the patient’s oncologist and
consideration of oncological prognosis (14,15). Previous
studies have shown good success rates in women who had
tissue frozen below the age of 30, while those above 35 years
of age at time of freezing have very low rates of spontaneous
pregnancy (10). Those who have had pelvic radiation will
also have compromised blood supply to the area, and it
must be considered whether pregnancy is safe for these
patients due to the risk of adhesions causing difficult access,
friable vasculature and possibility of increased risk of
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Table 1 Comparison of skin grafting and ovarian tissue grafting factors

Factors

Skin grafting

Ovarian tissue grafting

Thickness

Operative approach

Harvest technique

Quantity of tissue

Preparation of graft

Graft preparation
technique

Recipient site selection

Characteristics of
recipient site

Preparation of recipient
site

Fixation techniques

Patient factors

Split skin graft: 0.2-0.4 mm
Full thickness skin graft: 2-4 mm

Open/direct

Blade (either manual or mechanical)

Based on size of recipient area

Can be fenestrated or meshed to increase surface to
volume ratio

Mechanical mesher

Blade fenestration

Donor site of graft typically chosen based on
recipient site (e.g., similar skin type especially for
full thickness skin grafts, in terms of colour, quality,
thickness)

Well vascularized

Low shearing force

Improve vascularity (negative pressure dressings,
importation of vascularity — prefabrication)

Single or staged procedures

Sutures

Glue

Staples

Systemic disease, e.g., diabetes
Locoregional factors, e.g., radiotherapy

Skin quality

1-2 mm thickness

Laparoscopic

Open/direct

Scissors or scalpel

Total oophorectomy (scissors, ligation, diathermy)
Partial —up to 50% of cortex

Total

Can transplant multiple small slices/pieces of ovarian
tissue to increase surface to volume ratio (size of
each piece variable)

Scalpel
Scissor
Slicer

Orthotopic (ovary or intraperitoneal, subperitoneal),
heterotopic—e.g., abdominal wall, especially if pelvis
unsuitable (limbs, abdominal wall, back, breast)

Well vascularized
Low shearing force
Proximity to ovary (to achieve natural pregnancy)

Single or staged procedures

Sutures

Glue

Staples

Systemic disease, e.g., diabetes
Locoregional factors, e.g., radiotherapy

Skin quality

obstetric complications due to uterine irradiation (10,16). A
gestational carrier may be required to carry the pregnancy
due to irreversible uterine damage (16). There is also a low
return rate for patients wanting OT'T who have completed
cancer treatment, which may be related to a multiple
factors (10).

Similarly, when considering patient suitability for skin
graft or flap coverage in plastic surgery, it is important to
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consider age and co-morbidities, especially regarding the
quality of the tissues that will be grafted (17). For example,
diabetic patients have been shown to have a longer healing
time of almost 2 weeks and over five times increased risk of
post-operative complications after split-thickness skin graft
compared to non-diabetic patients (18). However, most
patients do well with skin grafting provided the local factors
of bleeding, infection and mobility are addressed.
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Tissue preparation

Primordial follicles are located just beneath the ovarian
surface in the cortical region, and there are several
steps in the preparation of the ovarian biopsies before
cryopreservation. Firstly, the depth and volume of tissue
taken is established. The recommended thickness of
ovarian cortex taken is usually 1-2 mm (19-21), which is in
between the thickness of a split-thickness and full-thickness
skin graft (0.2-0.4 mm thick and 2-4 mm, respectively).
Unlike skin grafts, no benefit was seen from thinning the
strips further and they in fact had greater risk of follicle
loss (22). Generally, the surface-to-volume ratio of
the ovarian graft should be high to improve chance of
penetration and removal of cryoprotectant agents, reduce
risk of ice crystal damage from the freezing and thawing
process and to be able to survive the initial hypoxic period
during grafting (22).

The removal of the medulla is a crucial step to improve
cryoprotectant infiltration into the ovarian cortex during
the freezing process. An in vitro experiment comparing
the stromal and follicular viability for three decortication
methods, including scratching with scalpel blade, cutting
with microsurgical scissors and separation with slicer,
concluded that blade decortication is the optimal technique
for maintaining acceptable follicular conditions without
inducing serious stromal impairment (23). Herraiz ez al.
observed that slicer and microsurgical scissors induced
an inhibition in the Hippo pathway, ending in massive
follicular activation or burnout (23).

In-vivo animal model studies, however, do not
show a difference in terms of follicular density after
xenotransplantation regardless of decortication
technique (23). In addition to the type of ovarian tissue
preparation, there are several other factors such as
transport, freezing media, as well as the inevitable post-
transplantation hypoxia that may affect outcomes, although
many studies appear to use a similar slow-freezing technique
for cryopreservation and there is some evidence that the
follicular survival rate is similar in ovarian tissue transported
on ice for up to 6 hours and in tissue collected and frozen
locally (24,25). Some studies have also trialled the use of
antiapoptotic drugs in transport and freezing media (24).
These have shown some benefit, especially in initial testing,
but do not necessarily translate to improved graft success or
follicular health after transplantation (26).

In skin grafting, once the desired thickness and quantity
of tissue is harvested, the skin can be kept moist in a gauze
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soaked with saline and can be kept in the refrigerator for up
to several weeks and used again on the patient if required.
In full thickness skin grafts, excess fat should be trimmed
off the dermis due to its poor blood supply and inevitable
necrosis and to improve contact with the wound bed. The
grafts are typically fenestrated (unless very small) and
sometimes meshed to the desired ratio when large grafts are
required, as the meshing enables the skin to expand to cover
a wider surface area.

Quantity of ovarian tissue transplanted

The quantity of ovarian tissue transplanted usually depends
in part on the amount cryopreserved. Only a part of the
tissue is grafted in some cases to preserve opportunity for
further procedures, as most papers advise transplanting
less than a third to a half each time (15,27,28). A meta-
analysis by Pacheco et al. in 2017 found that approximately
34% of the equivalent surface area of one ovary was
transplanted on average, with some women requiring more
than one procedure (11). A recent study on the impact of
chemotherapy on OTT showed that a follicular density of
>0.3 follicles/mm’ (which was the median follicular density
of patients not exposed to chemotherapy) and increased
number of fragments transplanted (216 fragments)
were associated with an increased probability of ovarian
functional recovery (27).

A highly variable volume and thickness of grafts has been
used throughout the literature for other bone and soft tissue
grafting applications. Skin graft quantity for example, can
be classified by the amount of dermis that is included within
the graft; a portion (split-thickness) or entire dermis (full-
thickness) (29). A large volume of tissue with no vascularised
interface is not useful—the less dermis included in the graft,
the more likely the chance of graft survival due to a shorter
distance needed for oxygenated blood and nutrients to travel
in order to perfuse into the graft (29). However, negatives
of a thinner skin graft include increased contracture during
the healing process and higher risk of damage from shearing
or trauma. Like skin grafting, there are several factors that
can be optimised in relation to graft quantity in order to
increase chance of successful ovarian tissue function post
transplantation, namely the density of follicular tissue
within the sample, the surface area-to-volume ratio and the
number of tissue fragments transplanted.

Using numerous small pieces of ovarian tissue 1-3 mm
in size is a technique to improve take, but these tissues left
freely floating in a peritoneal pocket or in a pocket below
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the cortical surface of the existing ovary may easily shear
away from the graft bed as the patient becomes more active
after transplantation. As with any graft, shearing forces
disrupt neovascularization between graft tissue and graft
bed, which reduces graft survival. A study by Meirow and
colleagues indirectly discussed this concept by removing
cortical tissue from both ovaries in a single patient (20).
During grafting, strips of ovarian tissue were positioned in
the left ovary and small pieces of tissue were placed in the
right. The large pieces of tissue were firmly fixed to the
underlying surface in subcortical pockets, whereas the small
ones were deposited free floating in subcortical pockets.
Follicular activity was observed only in the left ovary and
pregnancy eventually achieved (20). These findings suggest
that the size of cortical tissue pieces should be large enough
to be placed flat on the underlying surface and prevent
movement of the tissue when the woman is mobilising post-
operatively.

Site selection

Two graft site principles are utilised for OTT; orthotopic
(tissue is returned to the original site—the ovary or its
surrounds within the pelvis) or heterotopic (to alternative
sites ‘outside the normal place’). Exact definitions of
the specific locations for transplantation in these two
methods vary slightly in the literature (30). Tissue may
be also transplanted into orthotopic and heterotopic sites
simultaneously (31). It is important to consider the recipient
site from the perspective of rate of graft success, oocyte
collection access and vulnerability to trauma.

Orthotopic transplantation, where fragments are
grafted onto the remaining ovary or into a peritoneal
pocket created in the ovarian fossa, has been shown to be
significantly more successful than heterotopic methods.
Some studies have found that out of 130 live births reported
in their sample population, only two were from heterotopic
transplantation (32-34). There are a number of reasons why
orthotopic grafts may be more successful—these include
vascularisation, a more favourable environment in terms
of temperature, pressure and paracrine factors which are
important for graft take and oocyte activity, and location
close to the Fallopian tube which may increase chance of
spontaneous conception (22).

Heterotopic transplantation can be used in cases where
the pelvis is unsuitable for transplantation, for example
due to radiation, adhesions or a separate pathology (e.g.,
endometriosis) (33). Transplantation into the anterior
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abdominal wall and a submuscular pocket on the lateral
pelvic wall (which may also be alternatively classified as
orthotopic) has led to successful live births (33,34). There
are also case series where restoration of ovarian function has
occurred following heterotopic transplantation between the
rectus muscle and rectus sheath and subcutaneously in both
the lower abdomen and forearm (35-37). While heterotopic
sites have the advantage of being easier to access and having
a higher capacity for grafts, assisted reproduction is required
for pregnancy (37).

Like skin grafts, the blood supply to the graft is
highly dependent on the recipient graft bed and this is
an important consideration when choosing the graft type
and technique. In non-abdominal sites, dermis, muscle
and fascia have the richest blood supply while fat and
subcutaneous tissue tend to be less vascular (38). Dermal
ovarian grafts may be impractical due to the superficial
nature of the layer which leads to increased risk of injury
or shearing forces, making intramuscular grafts likely to
be the best option. The mobility of the site should also be
considered; limbs will tend to be much more mobile than
the trunk or abdomen and any grafts will be subject to more
forces.

Characteristics of graft site

An optimum graft site needs to achieve a balance between
a well vascularised bed with adequate haemostasis to allow
revascularisation whilst preventing haematoma or fluid
formation under the graft (39). If both ovaries are absent,
fragments may be transplanted into a peritoneal window.
To try and induce neoangiogenesis and revascularisation
through granulation tissue, a two-step technique may be
utilised, with the initial step to make a peritoneal window
performed 7 days before tissue transplantation (32).
However, this requires two procedures and is not generally
performed. The principle of the ‘delay phenomenon’ is also
widely accepted in plastic surgery, where an initial surgical
intervention promotes ischaemic conditions in the tissue,
leading to increased neovascularisation for the purpose of
flap designs (40).

In skin grafting, haematoma formation is the most
common cause of skin graft failure as the clot prevents
contact between graft and the recipient bed and hence
prevents revascularisation of the graft (41). The risk of
haematoma under a skin graft can be reduced by adequate
haemostasis and the use of tie-over dressings (29). In
orthotopic transplantation, different techniques have been
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utilised to ensure the ovarian cortical pieces are exposed to
the medulla and its vascular network when transplanted.
The ovary may be denuded to reveal the medulla by
removing a large piece of cortex, or subcortical pockets
are made through various forms of incisions to feed the
fragments into (20,42). Like with skin grafts, haematoma
reduces the contact between the grafted ovarian fragments
and the graft bed where diffusion of nutrients need to
occur, and may increase risk of graft failure. One technique
used to reduce the risk of haematoma formation is micro-
cautery with pulsatile irrigation with heparinized saline (9).
However, caution must be taken to minimise cauterisation
$0 as not to impair revascularisation.

One of the limitations of both skin and ovarian
transplantation is the ischaemic time immediately after
transplantation before revascularisation occurs. Skin grafts
are avascular and rely on the graft bed to provide perfusion
via imbibition, which typically occurs after the first 24
hours and continues the process of graft take over the next
5-7 days (39). Similarly, ovarian tissue fragments can sit in a
hypoxic environment with nutrients provided via diffusion
for approximately 3-5 days but up to 10 days before full
revascularization (43). During this time, the grafted tissue
undergoes ischaemic reperfusion injury, leading to follicle
loss; methods aimed at reducing this hypoxic period have
shown improved primordial follicle survival (43).

Surgical techniques

There are a number of different documented surgical
approaches for transplanting cryopreserved ovarian tissue.
As previously discussed, the choice between orthotopic or
heterotopic graft sites depend on patient disease factors as
well as any adjuvant therapies such as removal of ovaries
or pelvic irradiation. Various surgical techniques such as
robotic surgery and use of allografts such as Alloderm
have also been trialled in an attempt to increase the
success of follicular stimulation from OTT, but ongoing
experimentation is likely to be required (44).

A graft needs to be securely fixed to its recipient bed to
reduce bleeding, infection and shearing forces and promote
neoangiogenesis to allow the graft to take (45). Heterotopic
OTT in superficial sites may be especially prone to graft
movement but it is also important when fixing tissue within
the peritoneal cavity. Fixation of tissue in OTT varies
significantly, depending on graft location and surgeon
preference. Transplantation of tissue fragments onto a
denuded ovary have been attached using sutures (such as 7/0
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or 8/0 polypropylene or 9/0 nylon), intercede and/or fibrin
glue. They may also be placed in either subcortical pockets
in the ovary or peritoneal pockets, with the incisions closed
if required with either fibrin glue, staples or sutures (e.g.,
4/0 vicryl) to hold them in place (4,46). It should be noted,
however, that these interventions minimize graft mobility
but may increase risk of haematoma or seroma formation
due to impaired drainage, and tissues should be handled as
little as possible to prevent mechanical damage, especially
when fragments are small (4).

Skin grafts are also immobilised using various techniques,
including sutures, staples or fibrin glue, influenced by
location of the graft site, age of the patient and indication
for the graft. Different dressings are also utilised to
minimise shearing forces, with simple foam and staples to
more complex tie-over dressings (39). The main difference
is that skin grafts are superficial and can often overlie an
area of high mobility, e.g., muscle, and patients are often
required to rest in bed for a number of days to allow for
maximum chance of graft take. OT'T" patients may also
benefit from counselling of rest or minimal activity for a
period of time to reduce graft tissue movement.

Transplant outcomes

Ovarian transplantation outcomes have been studied in
depth and have shown varying degree of success. A recent
review by Sheshpari er 4/. demonstrated that ovarian
function can return in 50-95% of transplant recipients
and occurs generally between 3—6 months; maintenance of
function lasted for approximately 9-84 months (47). The
reported overall clinical pregnancy rate after transplantation
was 58%, with 65% of fresh tissue and 45% of frozen tissue
transplant recipients achieving live birth (47). The result of
assisted reproduction techniques after grafting is still lower
than that in the general population undergoing IVF and
this may be linked to the low ovarian reserve resulting from
the follicle loss likely due to atresia observed at each stage
during cryopreservation and after transplantation, although
approximately 80% of follicles lost are during the final post-
grafting stage (7,43). Adipose tissue-derived stem cells have
been used as a potential method to improve vascularisation
and oxygenation in order to reduce ischaemic injury to the
follicular reserve (24).

When considering transplant outcomes is also important
to discuss the possibility of transplanting tumour cells.
Several studies have assessed the risk of reintroducing
malignant tissue during ovarian transplantation, with the
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highest risk associated with haematological malignancies
such as leukaemia and ovarian cancers, including non-
primary ovarian deposits (14). Similarly, in plastic surgery,
skin grafts, flaps and other reconstructive options are
carefully selected from healthy skin as free as possible
from sun damage or previous trauma to prevent grafting
malignant or pre-malignant skin changes onto the
recipient site.

Conclusions

The core principles in tissue grafting appear to have
parallels across different specialties, whether it be grafting
of skin or ovarian tissue. While graft take is multifactorial,
several strategies have been described to improve the
quality of grafted ovarian tissue and the clinical outcomes
of OTT. As in skin grafting, there needs to be good quality
and quantity of ovarian tissue harvest, an appropriate
recipient site with a well vascularized graft bed, strong graft
fixation technique to prevent shearing of neovasculature
and optimization of comorbidities such as diabetes or
immunosuppression. We believe that ongoing discussion
between disciplines can have the potential to improve
knowledge, surgical techniques and patient outcomes.
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