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Objective: To report the first case of restoration of ovarian activity and live birth after cryopreserved ovarian tissue
autograft in a patient without cancer treated by allogeneic bone marrow transplantation.
Design: Case report.
Setting: University hospital.
Patient(s): One woman with homozygous sickle cell anemia.
Intervention(s): An orthotopic autotransplantation of ovarian cortical strips was performed after freeze-thawing.
Main Outcome Measure(s): Cryopreservation of ovarian tissue, bone marrow transplantation, ovarian autograft,
and restoration of ovarian function.
Result(s): In autumn 2005, biopsy samples of ovarian tissue were cryopreserved before chemotherapy followed by
bone marrow transplantation. In spring 2008, because the patient had been menopausal for 2.5 years as a result of
the conditioning therapy, an orthotopic autotransplantation of thawed ovarian cortex was performed. The patient
conceived spontaneously in a natural cycle in autumn 2008, and delivered a healthy female child in June 2009.
Conclusion(s): Cryopreservation of ovarian tissue with subsequent autotransplantation is an emerging procedure
for preserving the fertility of young patients with a high risk of premature ovarian failure (POF) resulting from go-
nadotoxic treatment. This case opens up new perspectives in cases of nonmalignant diseases. (Fertil Steril�

2010;93:2413.e15–e19. �2010 by American Society for Reproductive Medicine.)
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Life expectancy of patients with malignancy has greatly increased
with advances in diagnosis and treatment regimens (radiotherapy
or chemotherapy) (1). However, women receiving such treatments
for cancer or other nonmalignant diseases are likely to experience
premature ovarian failure (POF) (2). Consequently, an important
quality of life issue for these women and their families is the ability
to conceive using their own oocytes. This has led to an increased fo-
cus on preserving female fertility through ovarian tissue cryopreser-
vation and assisted reproduction (ART). In 2004, Donnez et al. (3)

reported the first live birth after transplantation of cryopreserved
ovarian cortex in a woman treated for Hodgkin’s lymphoma. In
cases of nonmalignant diseases for women where alternative options
are not available, ovarian tissue cryopreservation, undertaken before
cytotoxic therapy, could be a means of preserving fertility without
delaying the initiation of the treatment.

Sickle cell disease is a hereditary anemia for which the only cur-
rent curative option is allogeneic bone marrow transplantation
(BMT). In 2006, Donnez et al. (4) described the first case of resto-
ration of ovarian function after orthotopic transplantation of cryo-
preserved ovarian tissue in a woman treated by BMT for sickle
cell anemia but without live birth.

The present study reports the reestablishment of ovarian function
with live birth after a two-step orthotopic transplantation of cryopre-
served ovarian tissue in a patient treated by allogeneic BMT for
sickle cell anemia.

CASE REPORT
The patient was born in 1985 and suffered from homozygous sickle
cell anemia. She underwent splenectomy and cholecystectomy
when she was five and then repeated transfusions. She presented
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with cerebrovascular stroke in spring 2005 and underwent monthly
exchange transfusions. The BMT with an HLA-identical sibling
donor was offered to the patient in autumn 2005.

Because the patient had no immediate plans to have children and
treatment for her sickle cell anemia could not be delayed, the only op-
tion for preserving her fertility was autopreservation of ovarian tissue.
The patient was included in a multicentric protocol for cryopreserva-
tion of ovarian tissue funded by the Clinical Research Hospital Pro-
gram of Limoges and approved by the clinical ethics committee of
Besancxon University Hospital on June 5, 2002. Right oophorectomy
was performed by laparoscopy under general anesthesia in October
2005 before BMT (Fig. 1A). Eight ovarian cortical fragments
(1 cm/0.5 cm) were cryopreserved in cryovials containing freezing
solution (1.5 mol/L dimethyl sulfoxide [DMSO] and 0.1 mol/L
sucrose in Leibovitz L-15 medium supplemented with 10% decom-
plemented patient serum), according to a protocol using a slow cool-
ing with manual seeding (5, 6). After freezing, the vials were
individually conditioned in Ccryoflex� and stored in liquid nitrogen.

The quality of ovarian tissue was assessed before and after freez-
ing/thawing by histology and by trypan blue staining of isolated fol-
licles (6).

After ovarian cryopreservation, the patient received a condition-
ing regimen with busulfan (12.8 mg/kg total dose), cyclophospha-
mide (200 mg/kg total dose) (7), and then 2.4 � 108 nucleated
cells/kg, from her HLA genoidentical brother, who was heterozy-
gous for hemoglobin S. Despite receiving graft-versus-host disease
prophylaxis, the patient developed grade II acute graft-versus-host
disease with keratitis and skin rash (8), followed by limited chronic
graft-versus-host disease. A stable 100% donor chimerism was
obtained at day 60.

After BMT, the patient presented with clinical and biological
POF. Hormone replacement therapy (HT) with oestro-progestogens
was started 6 months after BMT and was maintained until ovarian
function restoration.

Eighteen months after BMT, the patient wanted to become preg-
nant. An assessment of gonadotropin levels showed FSH at 98 UI/L
and LH at 32 UI/L. Ultrasound evaluation of the remaining ovary re-
vealed no follicle. After receiving a positive recommendation from
the local ethics committee on October 24, 2007, transplantation was
carried out in April 2008, 29 months after BMT.

Two weeks before the ovarian autograft, a cortical fragment was
thawed for long-term viability and histologic assessments of the
cortex, and for microbiological monitoring of the freezing solution.
Viability of the tissue, based on the percentage of trypan blue un-
stained isolated primordial and primary follicles after freezing/
thawing, was 73%, compared with 100% before cryopreservation.
Histology of the ovarian thawed strip revealed the presence of
well-preserved follicles (Fig. 1B).

Ovarian cortical strips were thawed according to the previously
modified technique (9). After quickly thawing the vials, the strips
were washed in decreased solutions of DMSO 1.5 M (5 minutes),
1 M (5 minutes), 0.5 M (10 minutes), and in a solution of 0.05
mol/L sucrose in Leibovitz L-15 medium supplemented with 10%
decomplemented patient serum. The strips were then rinsed and
transferred to the operating theatre for the graft in medium contain-
ing 20% serum only.

The two-step orthotopic autotransplantation was performed by
laparoscopy in April 2008 according to the procedure described
by Donnez et al. (3) and modified by Piver et al. (10). The first
step aimed to trigger local inflammation and attempted to induce
neoangiogenesis. Small ovarian cortical strips were added to facili-
tate the production of angiogenic factors such as vascular endothe-

lial growth factor (11). Windows were created in the remaining left
ovary and in the peritoneum between the right iliac vessels near the
fimbria of the right fallopian tube. One thawed strip of ovarian
cortex was cut into six fragments. One was sutured in the ovarian in-
cision; five others were deposited in the peritoneal window. A bi-
opsy of the remaining left ovary was carried out for histologic
evaluation. Several sections failed to reveal the presence of any
follicles (Fig. 1C).

In a second step, 3 days later, three thawed cortical strips were
fixed into the left ovary and one into the peritoneal window.

The first signs of ovarian function restoration were a decrease in
FSH levels and an increase in anti-M€ullerian hormone levels at sub-
normal values, 9 weeks after ovarian graft (Fig. 1D). Four months
after the transplantation, a vaginal echography carried out for
abdominal pain revealed follicular development in both transplanted
sites. Two follicles were present in the left ovary. Two other follicles
were also observed in the graft of the peritoneal window, one resem-
bling an initial corpus luteum (CL). The HT was then stopped and
a normalization of FSH levels and a significant level of anti-
M€ullerian hormone were obtained 19 weeks after the graft (Fig. 1D).

After a first cycle without HT and menstrual bleeding, the follow-
ing cycle was monitored. Folliculogenesis was confirmed by an
increase in 17b-E2 levels (Fig. 2A). Follicular development was
observed sonographically in both ovarian and peritoneal sites (Fig
2B,C). After detecting LH peak, two preovulatory follicles were ob-
served, one on each reimplantation sites, and sexual intercourse was
recommended. During the luteal phase, P concentration increased
(Fig. 2A) and ultrasonography revealed the presence of a CL on
both sites. No luteal phase supplementation by P was administered.

Fourteen days after ovulation, the concentration of hCG was 145
mIU/mL and increased to 6,509 mIU/mL 10 days later. Vaginal
ultrasonography at 7 weeks confirmed an intrauterine ongoing preg-
nancy. The pregnancy resulted in the birth, at 38 weeks of gestation,
of a healthy girl, heterozygous for sickle cell anemia, weighing
3,700 g delivered by cesarean section.

DISCUSSION
In recent decades, BMT has been increasingly used for noncancer-
ous diseases, but the high doses of chemotherapy or radiotherapy
given before BMT lead to ovarian failure in almost all cases (12).
Cyclophosphamide is the most common agent implicated in causing
damage to oocytes and granulosa cells (GC) in a dose-dependent
manner (13). Complete amenorrhea is reported after a dose of 5,
9, and 20 g/m2 of cyclophosphamide in women more than 40,
30–40, and 20–30 years of age, respectively (14). When patients re-
ceive busulfan and cyclophosphamide, the risk of complete POF is
nearly 100% (15, 16). Although an unexplained return of ovarian
function and fertility is noted in some patients after total body
irradiation (17), only one pregnancy was reported after busulfan/
cyclophosphamide conditioning in a retrospective survey (18).

Unlike animals, in which live births are reported after transplan-
tation of whole cryopreserved ovaries (19), births have been
observed in humans after ovarian strip autotransplantation for only
six women, including four cases of Hodgkin’s disease (3, 20–22),
one non-Hodgkin’s lymphoma (23), and one Ewing sarcoma (20).

Human ovarian tissue shows good survival and function after
freezing/thawing, with good preservation of primordial and primary
follicles (6), but loss of follicles in the nonvascular cortical strip
grafts can occur in proportion to hypoxia and to the time frame be-
fore the grafted tissue becomes revascularized (24, 25). Orthotopic
sites are preferable to heterotopic sites for ovarian cortical fragment
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