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Abstract
Purpose To report another two successful pregnancies and
deliveries resulting from autotransplanted cryopreserved ovar-
ian tissue several years after the autotransplantation procedure
took place. Further, to review the literature on the treatment
history, number of live births and their outcome so far reported
worldwide.
Methods Two women underwent fertility preservation with
cryopreservation of their ovarian tissue prior to a potentially
sterilizing treatment with bone marrow transplantation. One
woman suffered from paroxystic nocturnal hemoglobinuria
and one woman from relapse of Hodgkin′s lymphoma. Both
suffered from premature ovarian insufficiency after treatment.
Because of a pregnancy wish they later had pieces of thawed
cortical tissue transplanted to the remaining ovary and the
anterior abdominal wall. PubMed was searched for reports
of deliveries resulting from cryopreserved ovarian tissue in
peer-reviewed papers.
Results Five years after the autotransplantation the first pa-
tient became spontaneously pregnant and delivered a healthy
baby boy at term. The second patient became pregnant after
undergoing one cycle of in vitro fertilisation five years after
the autotransplantation. She delivered a healthy baby boy at
gestational week 36. Twenty healthy singletons and two sets

of twins have been born according to peer-reviewed
publications.
Conclusion Contrary to most of the published deliveries our
latest two cases occurred several years after the
autotransplantation procedure took place. This proves that
ovarian grafts are capable of functioning for several years after
the autotransplantation has occurred. Today, a total of 26
healthy children have been born as a result of cryopreservation
of ovarian tissue.

Keywords cryopreservation . deliveries . fertility
preservation . ovary . ovarian tissue

Introduction

To date cryopreservation of ovarian tissue as a means of
fertility preservation is still considered experimental, although
more and more encouraging reports about the efficacy of this
method emerge. [1, 2]. Cancer patients receiving anti-
neoplastic treatment, which as a side effect can cause irrevers-
ible loss of ovarian function, are the primary group of patients
who may benefit from this new treatment [3]. The success of
autotransplantation of cryopreserved ovarian tissue has been
proven by case reports of births worldwide. One concern,
however, is the duration of the fertility potential of the graft.
It is unknown how many patients have undergone fertility
preservation with autotransplantation, but it is documented
that the ovarian reserve in patients transplanted with frozen/
thawed ovarian tissue is low and that levels of AMH often are
very modest or even immeasurable [4]. It has also been
documented that most of the pregnancies are conceived within
the first 12 months after the autotransplantation, and that the
grafts have a limited duration of function [2]. In general, the
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lifespan of ovarian grafts is expected to be approximately 4–5
years if follicular density is well preserved, although a longer
duration of the grafts has been reported both from orthotopic
[5] and heterotopic [6] transplantation sites.

The purpose of this paper is to describe two pregnancies
and deliveries both occurring in women several years after
autotransplantation of the cryopreserved ovarian tissue. In
addition, we want to document all the deliveries resulting
from autotransplantation of ovarian tissue on a worldwide
basis that have been published in peer-reviewed journals.

Materials and methods

PubMed was searched for deliveries resulting from
autotransplanted cryopreserved ovarian tissue from 2004 to
May 2014. Terms referring to ‘cryopreservation of ovarian
tissue’, ‘autotransplantation of ovarian tissue’, and ‘live
births’ were used. We also searched reference lists of identi-
fied articles manually for additional references.

Patient 1

In year 2004 at the age of 18 the patient was diagnosed with
paroxystic nocturnal heamoglobinuria. As the severity of the
disease progressed bone marrow transplantation was planned
in year 2005 with the patient′s sister as a donor. Prior to this,
the patient was referred for fertility preservation. A vaginal
ultrasound revealed two normal ovaries with the expected
number of antral follicles. The planned preconditioning pro-
tocol of Busulfan and Cyclophosphamide implied a high risk
of premature ovarian insufficiency (POI) and a unilateral
laparoscopic oophorectomy was performed for fertility pres-
ervation. The ovarian tissue was cryopreserved according to
the clinic′s standard procedure [7]. After treatment the patient
became amenorrhoic. Two years later in 2007 she was referred
to the clinic with the aim of autotransplantation of her cryo-
preserved ovarian tissue as she wished to become pregnant.
She had been taking hormonal replacement therapy (HRT)
previously but in order to assess her ovarian function correctly
she was asked to discontinue the HRT for three months prior
to her visit to the clinic. A vaginal ultrasound revealed a small
atrophic remaining ovary devoid of antral follicles. Follicle
stimulating hormone (FSH) was 96 IU/l and the oestradiol
immeasurable (<0.04 nmol/l), consistent with POI. The phy-
sician responsible for treating the patient′s haematological
disease was contacted and had no objections to the
autotransplantation procedure. In April 2008 during a
laparoscopically assisted mini-laparotomy seven pieces of
cortical tissue were transplanted to the remaining ovary and
five pieces to the anterior abdominal wall in a small pocket
created underneath the peritoneum. The transplanted tissue
comprised of one third of the removed ovary.

Patient 2

In 2001 at the age of 25 the patient was diagnosed with
Hodgkin′s lymphoma stage II B for which she received che-
motherapy (adriamycin, bleomycin, vincristine and
dacarbazine (ABVD) × 6 and mitoguazone, ifosfamid,
metothrexate and etoposide (MIME) × 2 and localized radio-
therapy. Two years later the patient relapsed and a protocol of
dexamethasone, cytarabine and cisplatin (DHAP) followed by
a bone marrow transplantation was planned. Prior to this the
patient had her left ovary cryopreserved for fertility preserva-
tion [7]. After treatment the patient became amenorrhoic. In
2005, due to a pregnancy wish, the patient was again referred
to the clinic with the aim of autotransplantation of her cryo-
preserved ovarian tissue. At the time of referral she
complained of hot flushes and other symptoms associated
with POI. Her FSH was 42 and her estradiol immeasurable
(<0.04 nmol/l). During a laparoscopically assisted mini-
laparotomy ten pieces of cortical tissue were transferred to
the remaining right ovary just below the cortex. She then
underwent seven IVF cycles without becoming pregnant,
and in order to increase her chances of a pregnancy the patient
requested a second transplantation, which was performed in
June 2006. Two longitudinal inscisions were created along the
surface of the ovary thus creating two subcortical pockets into
which 12 small pieces of cortical tissue were aligned, six in
each pocket, making sure the tissue did not overlap. The size
of the ovary was big enough to accommodate these pieces.
The collective amount of tissue transplanted to this patient
comprised 69 % of the removed ovary.

Results

Patient 1

Four months after the autotransplantation in August 2008 the
patient had her first menstrual bleeding after the transplanta-
tion and her FSH had dropped to 7.5 IU/l. From September
2008 to January 2009 the patient underwent one cycle of

CRLa= 7.8 mm
+ FHAb CRL= 21.5 mm

+ FHA

aCRL= crown rump lenght
bFHA= fetal heart action

Fig. 1 Ultrasonography in patient 1 at gestational week 7 and 9
respectively
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ovulation induction, two cycles of intrauterine insemination
(IUI) with partner′s sperm and three cycles of in vitro fertili-
zation (IVF) without becoming pregnant. She then split up
with her partner and moved to another part of Denmark. All
follow-up visits for her haematological condition were normal
revealing no signs of recurrence of the disease. In January
2013 five years after the autotransplantation the patient called
the clinic to tell that she had become spontaneously pregnant
with a new partner. This pregnancy occurred within the first
month of trying. She continued having regular menstrual
bleedings from August 2008 and until she got pregnant. At
no time did she use any hormonal contraception or intra-
uterine device (IUD).. Ultrasonography revealed a viable in-
trauterine pregnancy with a crown-rump length (CRL) of
7.8 mm corresponding to gestational age 7+0 weeks and
again 14 days later 21.5 mm corresponding to gestational
age 9+0 (Fig. 1). After an uneventful pregnancy the patient
delivered a healthy baby boy vaginally at gestational age 40+
2 weeks weighing 3351g.

Patient 2

Five months after the first autotransplantation procedure the
patient had a menstrual bleeding.

After the second autotransplantation her FSH level was
16.5 IU/l and her estradiol 200 pg/ml. She was diagnosed
with uterine adenomyosis and was operated using the trans-
verse H incision technique. She then had one more cycle of
IVF and conceived after transfer of a 4-cell embryo and
delivered a healthy baby boy weighing 2,600 g in gestational
week 37 by caesarean section (12). After a lactation period of
three months the patient had an IUD inserted. She was follow-
ed for her cancer with regular visits every 6 months at the
haematological department with no signs of recurrence of the
disease. Five years later in 2012 the patient returned to the
clinic, as she wanted a second child. She still experienced
regular menstrual cycles. Her FSH was 6.1 IU/l and her
estradiol 0.09 nmol/l on cycle day 3. It was decided to offer
IVF again. In the first antagonist cycle the patient was stimu-
lated with rFSH with a starting dose of 200 IU/l increasing to
300 IU/l. After 11 days of stimulation 4 oocytes were aspirated
from 4 follicles, ICSI was performed and two embryos were
transferred on day 2 but the patient did not become pregnant.
In her second antagonist cycle the starting dose of rFSH was
300 IU/L and the patient developed 4 follicles from which 2
oocytes were retrieved, ICSI was performed and both cleaved.
The patient conceived after transfer of two embryos (one 4-
cell and one 2-cell). The patient developed hypothyroidism
during the pregnancy and it was further complicated by a
shortening of the cervix causing hospitalization from gesta-
tional week 26 and until an elective caesarean section was
performed in week 36+3. A healthy baby boy weighing
2,600 g was delivered.A
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Table 1 and 2 gives detailed information on all the deliver-
ies so far published in peer-reviewed journals. Information on
the patient′s history before the autotransplantation procedure
is given as well as information on the autotransplantation
procedure, the results and information on the pregnancies
and deliveries.

Table 3 gives information on the babies (gestional age,
birthweight and gender).

Discussion

Here we report two new successful Danish pregnancies and
deliveries occurring five and six years, respectively, after the
autotransplantation procedure. Most of the deliveries de-
scribed in the literature from autotransplanted ovarian tissue
have occurred within the first one to two years after transplan-
tation (Table 1 and 2). However, in the two cases described
here the grafts were capable of functioning and providing a
normal, intra-ovarian milieu for the oocytes to mature and
later fertilize years after grafting: This gives hope to other
women with autotransplanted ovarian tissue, who may not
become pregnant immediately after autotransplantation. Both
of the patients in this study were young, 18 and 24 years of
age, when they had their ovarian tissue cryopreserved and thus
the grafts were expected to contain many primordial follicles
enabling them to function for several years after the
autotransplantation. Indeed, apart from two women who were
in their mid-thirties when they had their ovarian tissue cryo-
preserved, all deliveries reported so far have occurred in
women who were in their twenties at the time of cryopreser-
vation (Table 1 and 2) supporting the theory that a substantial
number of primordial follicles augment the fertility potential
of these grafts.

With a mean gestational age at delivery of 38.5 weeks in
the singleton pregnancies and a mean birthweight of 3,167 g
the uteri of these cancer survivors with autotransplanted ovar-
ian tissue seem to be able to function in a normal way and to
provide a healthy milieu to support the growth and develop-
ment of the fetus (Table 3).What can also be seen fromTable 1
and 2 is that despite of the lack of pregnancy complications
being described the majority of the deliveries (11/15) were by
Caesarean section, probably reflecting that these pregnancies
are considered very precious. Another interesting observation

is that 11 of the 21 pregnancies in which the history of how the
pregnancy was achieved was reported, were naturally con-
ceived and 11 occurred after IVF. This knowledge is very
important when counsel l ing the pat ients before
autotransplantation that they may not need IVF in order to
conceive and that naturally occurring pregnancies are as likely
to happen.

With 24 babies born worldwide we now report two more
deliveries thus reaching 26 babies on a worldwide basis and a
total of six babies in Denmark. The two latest pregnancies
occurred years after the autotransplantation and serve as proof
that cryopreservation of ovarian tissue is becoming a method
of fertility preservation that may give the patient a chance of
mo t h e r h oo d f o r s e v e r a l y e a r s f o l l ow i ng t h e
autotransplantation procedure.
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