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Duration of fertility after fresh and frozen
ovary transplantation
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Objective: To evaluate the function of human ovarian transplants.
Design: Follow a series of fresh ovarian transplants for up to 5 years, and compare fresh and frozen ovarian tissue
transplantation.
Setting: Tertiary referral community hospital.
Patient(s): Nine women with premature ovarian failure who received an ovary donated from a monozygotic twin
sibling, and 16 young cancer patients undergoing ovarian cryopreservation. Two of the transplant recipients were
cancer survivors rendered sterile by their therapy.
Intervention(s): Fresh ovary transplantation between monozygotic twin sisters, as well as transplantation of
previously frozen ovarian tissue, and study of cryopreserved tissue in cancer patients.
Main Outcome Measure(s): Return of normal menstrual cycling, hormone levels, pregnancy, healthy babies,
duration of transplant function, and ovarian tissue evaluation.
Result(s): Normal serum FSH and regular menstrual cycles returned by 5 months after surgery in all cases, both
fresh and frozen. Fourteen spontaneous pregnancies were established leading to eight healthy live births and two
healthy ongoing conceptions. All three frozen tissue transplants conceived spontaneously, one delivered, and two
were ongoing. Oocyte survival with slow freezing was 42% and after vitrification 89%.
Conclusion(s): Ovarian transplantation in humans is a robust procedure, even after cryopreservation, and vitrifica-
tion might prove to be more effective than slow freezing. (Fertil Steril� 2010;94:2191–6. �2010 by American
Society for Reproductive Medicine.)
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A successful case of human ovarian tissue transplantation between
monozygotic (MZ) twin sisters discordant for premature ovarian
failure (POF) was first reported in 2005 (1). Menstrual cycles
resumed after 4 months, and spontaneous pregnancy occurred after
the second ovulation, leading to the birth of a healthy child. Subse-
quently, a consecutive series of seven more successful cases was
reported for a total of eight, all demonstrating ovulatory cycles
with normalized serum FSH levels (2, 3). Spare ovarian cortical tis-
sue from the donor ovary was cryopreserved for future grafting as
a backup in case the first transplant became depleted of follicles
and ceased to function. In a ninth case a different technique was
used, microvascular transplantation of a whole ovary, and this too
led to a prompt return of normal cycles, pregnancy by natural con-
ception, and the delivery of a healthy child (4). Thus far, 12 pregnan-
cies and eight healthy babies have resulted from these cases, none of
whom required immunosuppression.

Despite this apparent success, there has been concern whether
ovarian tissue grafts, either fresh or cryopreserved, have only tran-
sient function (5–7). So far, there have been a few successful cases
reported of thawed autotransplanted ovarian tissue in former cancer
patients (8–13), but information about graft longevity is sparse, and
successes were only sporadic case reports. The present report repre-
sents a long-term follow-up of the duration of function of fresh and
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frozen human ovarian grafts in a large series so as to estimate the de-
gree of follicle loss from ischemia and from cryopreservation.

One solution to ischemic loss, microsurgical transplantation of an
intact whole ovary is technically much more difficult and risky than
cortical grafting (4, 14–16). It would, however, be preferable and
simpler if a cortical grafting technique could minimize loss.

A long-term follow-up of our series of MZ twins offered an un-
usual opportunity to study the duration of function of fresh ovarian
cortical grafts to evaluate oocyte loss from the transplant itself with-
out the confusion created by cryopreservation, and to try to improve
results with cryopreservation by vitrification (17). We now have
evidence of long-term ovarian function in the current twin series,
suggesting that a substantial reserve of follicles survives in fresh cor-
tical grafts despite being subjected to lengthy ischemia compared
with vascular transplantation. We have also found that slow freezing
causes significant loss of oocyte viability compared with the vitrifi-
cation technique.
MATERIALS AND METHODS
Patient Population and Surgery
Monozygotic twin pairs Nine pairs of female MZ twins, in which one sis-

ter had either idiopathic (8) or iatrogenic (1) POF and the other had normal

reproductive function, underwent fresh ovarian transplantation. Each donor

underwent unilateral oophorectomy by laparoscopy or minilaparotomy under

general anesthesia. The ovary was transfered immediately to a Petri dish with

Leibovitz L-15 medium cooled over a dish of saline ice slush. The following

surgical principles were strictly adhered to: 1) the cortex was trimmed down

to a bare 0.75–1.0 mm thickness to promote rapid revascularization; 2) per-

fect haemostasis of the graft bed was assured using microbipolar forceps; 3)

9-0 nylon interrupted sutures were used to prevent microhematoma
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formation under the graft; 4) the grafts were applied to the highly vascular

ovarian medulla; and 5) continual pulsatile irrigation with heparinized saline

was applied to the graft surface to prevent adhesion formation (Fig. 1).

One-fourth to one-third of the donor ovary was transplanted as a cortical

slice, the remaining tissue being cryopreserved as a backup for replacing

the primary graft if necessary. Because the ovaries and tubal ampullae

were congenitally absent in case #3, donor tissue was grafted onto the peri-

toneum of the denuded fallopian tube isthmus, without any expectation of

natural fertility.

In addition to these nine fresh transplants, two patients underwent a trans-

plantation of frozen cortical tissue. In both frozen cases, the tissue had been

cryopreserved by the slow freezing protocol. One of these frozen tissue trans-

plants was for a 31-year -old woman who, 11 years earlier, had her tissue fro-

zen for Hodgkin lymphoma and subsequently underwent several cycles of

chemotherapy and radiation before having a bone marrow transplant. After

>8 years she was considered to be cancer free, though menopausal, had

married, and had gained approval from her oncologist for her frozen ovarian

tissue to be transplanted back. The other frozen tissue recipient was from the

identical twin series (case #1) who had undergone a successful fresh ovary

transplant in 2004 leading to two spontaneous pregnancies and the delivery

of a healthy child. After >3 years, she became menopausal again and had

a second transplant of spare donor sibling tissue which had been cryopre-

served at the time of the original fresh transplant. She became pregnant

and delivered her second baby from this frozen transplant, became

menopausal again 1.5 years later, and then underwent a second frozen tissue

transplant.

Cancer patients tissue study A total of 16 cancer patients requesting

fertility preservation by ovarian banking consented to an oocyte viability

test and histologic review of a small sample (<10%) of their fresh or pre-
FIGURE 1

Transplantation of strips of cortical ovarian tissue involves: (A) resecting

trimming the thin donor tissue to approximate the exposed recipient surf
apposition and avoid hematoma formation.
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served tissue. In eight cases, the tissue had been preserved by vitrification,

six by a slow freezing protocol, and in two only fresh tissue was analyzed.

The goal of this section was to determine which method produced a higher

cell survival rate.
Cryopreservation
For slow freezing, after enucleating medullary tissue with sharp scalpel

dissection, the cortex was pared down manually to an ultrathin translucent

shell with a thickness of %1 mm. Tissue for cryopreservation was divided

into multiple strips and transfered to 1.5 mL cryovials after equilibration

in 1.5 mol/L 1,2-propanediol and 0.1 mol/L sucrose at 37 �C for 30 minutes,

followed by 1.5 mol/L 1,2-propanediol and 0.2 mol/L sucrose for 5 minutes,

and then cooled at a controlled rate, as described previously (18–20). Thaw-

ing was achieved rapidly by agitating the vials in a warmed water bath. If tis-

sue had thickened by contraction after thawing, it was pared down again to

<1 mm under an operating microscope with microsurgical scissors before

transplantation. For vitrification, details have been described elsewhere (17).

Tissue analyses Small samples of cortical tissue from donor organs were

assessed: 1) on a semiquantitative scale of relative follicle density in histol-

ogy slides (0, þ, þþ, or þþþ, in order of increasing abundance); and 2) by

testing viability after enzymatic disaggregation. Also, all original cortical

tissue from transplant recipients who were in ovarian failure was removed

and prepared histologically after excision to verify that total follicular deple-

tion had occurred. For viability testing, tissues were incubated and pipetted in

type I collagenase (1 mg/mL) for 10 minutes to isolate the small follicles and

visualize their oocytes. The cells were briefly incubated in Hoechst 33342

and propidium iodide, then washed before viewing by fluorescence micros-

copy, for a total of 2,301 oocytes from 16 patients. Transmission electron
the sterile recipient ovary down to the vascular medullary bed; (B)

ace; and (C and D) suturing the tissue to the recipient to achieve tight
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TABLE 1
Restitution of normal serum FSH, menstrual cycles, and fertility in all recipients of ovarian transplants donated by their

monozygotic sibling.

Case
no.a

Age
(y)

Pre-op
FSH, mIU/mL

Post-op
FSH, mIU/mL

Initial post-op
menses intervals (d) Pregnancies

Live
births

1 24 75 7.1 80, 62 3 2

2 38 96 5.2 93, 42, 24, 27, 25 2 2

3 25 112 6.8 76, 23, 30, 26, 25, 26, 21, 24, 27, 34, 25, 27, 51, 30, 27, 26, 28, 19 0b 0b

4 34 58 9.4 81, 22, 47, 26, 21, 20, 27, 26 2 1
5 40 60 6.8 86, 29, 38, 34, 28, 28, 31, 35, 34, 28, 33, 35, 30 0 0

6 26 101 7.5 64, 20, 39, 40, 32, 26, 29, 26, 26, 41 1 1

7 34 86 4.4 83, 22, 29, 29 2 1
8 37 86 7.4 100, 17, 39, 29, 27, 22, 23, 20, 34, 25, 26, 29 1 1

9 35 54 4.2 128, 42, 18, 25 1 0

a In chronologic order of surgery.
b Agenesis of fallopian tube ampullae.
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FIGURE 2

Serum FSH levels were elevated at the time of ovarian trans-

plantation but fell to basal levels within 90–150 days, where they

remained long term. All recipients resumed menses in 65–130
days.
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microscopy was also used to analyze ovarian tissue that had been either cry-

opreserved by slow freezing or vitrified by ultrarapid freezing (21).

Ethical Review
The surgical procedures and analyses of spare biopsy tissue were approved by

the Ethics Review Committee and the Institutional Review Board of St. Luke’s

Hospital, and both donors and recipients gave written informed consents.

Statistics
Differences in oocyte survival between (fresh and preserved) tissues were

compared using the chi-square test.

RESULTS
Transplant Function
The pregnancy and endocrine data of all nine cases of fresh ovarian
transplantation are summarized in Table 1 and Figure 2. All nine re-
turned to regular menses and ovulatory cycles by 60–130 days after
surgery. Six of the eight who had normal fallopian tubes delivered
eight healthy babies after natural conception, and cases #1, #4, #7,
and #9 had one early miscarriage each. Case #5 had not become
pregnant yet but continued to cycle for >4 years. Serum FSH levels
on day 3 of the cycles had begun to decline by 3 months after surgery
in all cases and reached normal baseline levels in every recipient by
5 months (Fig. 2). There was no difference in the rate of decline of
FSH between fresh and frozen grafts.

Case #1 became menopausal again at a little over 3 years after sur-
gery. A retransplantation of frozen-thawed donor tissue then led to
a prompt decline in FSH levels again, and she became pregnant again
and delivered another healthy child. She then became menopausal
once more 1.5 years later, had a second frozen graft, and then once
more conceived and was carrying her third child. The other case in-
volving a frozen transplant (who had undergone unilateral oophorec-
tomy and ovarian cortex freezing for Hodgkin lymphoma many years
earlier) followed a similar course after transplantation, with serum
FSH falling to normal levels by 4 months and becoming pregnant
without the need for further medical assistance. She had a healthy on-
going pregnancy (20 weeks) at the time of writing. Case #2, who had
a transplant at age 38 years, became pregnant at 5 months and deliv-
ered a healthy girl the following year. She then became pregnant
again 4 years later from the same fresh graft and delivered a healthy
boy at age 42 years. Case #7 miscarried the first pregnancy after
Fertility and Sterility�
transplantation, but 3 years later became pregnant again from the
same graft and delivered a healthy baby. Two other healthy babies
were born to women who had undergone pelvic irradiation.

A longer duration of transplant function was associated with
a larger ovarian reserve expressed either by the antral follicle count
(AFC) or the relative density of primordial follicles. Six of the eight
fresh cortical grafts functioned for 3 or 4 years or more, one lasted
for only 2 years and another transplant was still functioning at the
time of writing <2 years after surgery. The six with R3 years of
ovarian function had an AFC per ovary of nine follicles or greater,
and histology revealed abundant primordial follicles (þþþ). The
two with <3 years of cycling had an AFC of less than five and
few small follicles (þ or þþ).
2193



Cryoinjury
Most of the stroma cells in the slow freeze–cryopreserved specimen
were lysed and their nuclei compressed between dense bundles of
extracellular fibers. The same cells were generally intact after vitri-
fication. Small follicles were found in each specimen, all of which
were intact within their basement membranes. The high viability
(92%) of oocytes in control (fresh) specimens indicated that disag-
gregation per se had only caused minimal damage to this cell type.
Overall, 2,301 oocytes were examined from 16 specimens. Results
within each of the three groups were consistent and revealed no
significant difference overall between fresh and vitrified tissue,
although the viability of slow freeze–cryopreserved tissue was less
than one-half (42%) and highly significant (P<.01; Table 2).

DISCUSSION
The chief significance of this long-term study of ovarian tissue trans-
plantation is not so much for MZ twins who are discordant for POF,
which will always be rare, but for young cancer patients needing
fertility preservation. Ovarian tissue banking for a future transplan-
tation provides another fertility option for these patients, and some-
times the only one available.

At least 1 in 250 women of reproductive age is a cancer survivor,
and nowadays 90% of them become long-term survivors depending
on the type of disease (22–24). However, their treatment is likely to
reduce their fertility or render them completely sterile (25–28). Most
such women with cancer are anxious to preserve their potential for
having children genetically related to them rather than resorting to
eggs from an unrelated donor or adoptions, which are not always
available or desirable (29, 30). While pediatric patients may not un-
derstand the full implications of cancer treatment for future parent-
hood, fertility preservation is equally important for them, and they
do not have the option of using IVF technology for oocyte or embryo
banking. Another indication for fertility preservation is ageing, par-
ticularly for women with a family history of POF, but also for those
with normal ovaries who are increasingly postponing childbearing
(31–37). The uterus does not seem to play a significant role in this
age-related decline, as evidenced by the high pregnancy rates in
women of advanced reproductive age who use oocytes donated by
younger women (38). Whereas the MZ twin series involved histo-
compatible donor tissue instead of an autograft, and healthy individ-
uals rather than cancer patients, this is the largest series of ovarian
transplants to date with the largest number of pregnancies and live
births. It provides rare information for guiding fertility preservation
practices and counseling patients about the likelihood of success.
TABLE 2
Survival of small oocytes after enzymatic isolation from

ovarian tissues following cryopreservation by vitrification

or slow freezing.

Group
No. of

ovaries
No. of oocytes

harvested
No. of surviving

oocytes (%)

Fresh 2 358 329 (91.9%)a

Vitrified 8 1,122 1,000 (89.1%)a

Cryopreserved 6 821 342 (41.7%)b

a,bGroups with the same superscripts are not significantly different

(P>.05), whereas those with different superscripts are significantly

different (P< .01).
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It is difficult to draw inferences about the impact of ischemia
except from a series of fresh human ovarian transplantations such
as this. Ischemia time is reduced from an estimated 2–4 days with
cortical tissue slices to only 1–2 hours for restoring perfusion after
microvascular surgery, which provides the most physiologic ap-
proach (4, 39). Yet data from this MZ twin series provide striking
proof of the effectiveness and safety of fresh cortical transplants.
Eight healthy babies were born to six women from fresh cortical
grafts, and all three frozen grafts also resulted in healthy pregnan-
cies. Assisted reproductive technology was not required, natural
conception occurring often within the first year after surgery and
in one instance after the first ovulation. Early conception is not
a rule, however: One woman conceived after 3 years and another
had her second child>4 years after her transplant. It is not surprising
that at 40 years old, the oldest recipient (#5) had not become preg-
nant by the time of writing. Nevertheless, her primordial follicle
density and AFC were both relatively high, which probably ac-
counted for the transplant maintaining normal menstrual cycles
for >4 years.

Menstrual cycles were reinitiated within 2–4 months in all cases
and continued from 1 to R4 years, with seven of eight women still
cycling regularly from their fresh cortical transplant, and without
any negative impact reported by the ovary donors. Maximizing the
number of ovulatory cycles is obviously desirable for the opportu-
nity that many ovulations provide for conception. The number of cy-
cles to viable conception were one, two, five, seven, eight, eleven,
sixteen, and thirty. Nevertheless, if the quality of oocytes is high
and coitus is carefully synchronized at midcycle, even short-lived
transplants can be effective, as with case #6, who conceived in the
first year, gave birth to a child, and then once again became meno-
pausal. Pregnancy results after frozen transplantation were as robust
as after fresh, but duration of function was shorter. Ovarian trans-
plantations involve a single operation with a relatively low surgical
burden and low cost, with the advantages of no further medicaliza-
tion of reproduction and thus far only singleton pregnancies. There
have been few miscarriages to date nor any birth defects or obstetric
complications associated with transplantation.

We surmise that careful preparation of the donor tissue as a very
thin wafer, avoiding microhematoma formation between the highly
vascular graft bed, and closely apposing the graft all contributed to
the success of the present series by promoting rapid revasculariza-
tion. The orthotopic location may also be important, not only for nat-
ural conception but possibly for avoiding pressure from neighboring
tissues, which in some heterotopic sites might conceivably distort
growing follicles and affect their physiology. Future technical ad-
vances may further improve clinical outcomes through significantly
reducing ischemia time and accelerating angiogenesis (40, 41).

The long-term function of these fresh ovarian cortical grafts indi-
cates that follicle reserve was well preserved. If a sterile recipient
was given a whole ovary transplant from a 40-year-old donor, and
no follicles were lost in the process, a simple model of follicle dy-
namics predicts that function will last for �8 years (42). It was im-
pressive, therefore, to find that both case #2 and case #5, who were
38 and 40 years old, respectively, at the time of their transplantation,
were still cycling after>4 years, which is half-way to their theoretic
limit. Furthermore, if one expects 20 years of remaining ovarian
function in the average 30-year-old with two ovaries, then one-third
of one ovary might be anticipated to function perhaps not so much
longer than what we have observed in our younger patients whose
donor had good ovarian reserve.

Viability markers indicated that<50% of human oocytes survived
the slow freezing protocol, which has been the standard method for
Vol. 94, No. 6, November 2010



ovarian tissue since the pioneering studies in sheep (18, 19, 43–50).
Our studies have revealed that vitrification may produce results su-
perior to standard cryopreservation (17), although there have been
no long-term studies or live offspring. It is too early to report the re-
sults of human ovarian tissue transplanted after vitrification. Because
most centers, including our own, have mainly used the slow freezing
cryopreservation protocol, it is reassuring that three viable pregnan-
cies were obtained in the present study as well as five others for can-
cer patients in other centers (8, 10–13). The percentage of viable
oocytes in vitrified tissue was remarkably similar to that of fresh tis-
sue controls, suggesting that vitrification might provide even better
results after transplantation than slow freeze cryopreservation, al-
though this cannot be stated definitively without long-term studies.

What is the future for women whose ovaries were frozen before
undergoing treatment for leukemia or breast cancers which might
have already metastasized to the ovary (51–60)? Hodgkin disease
is the safest cancer for transplanting ovarian tissue back to the pa-
tient. But what can be done with frozen ovarian tissue of the leuke-
Fertility and Sterility�
mia survivor if there happen to have been leukemic cells in that
tissue? Culturing that tissue to obtain mature follicles for IVF in
these patients is currently the subject of intense research efforts
(61–63). Culturing of primordial follicles may still be a distant
goal (64–68), but progress is now being made with three-
dimensional culturing of secondary follicles, because one mecha-
nism controlling follicle maturation in the ovarian cortex may be
physical pressure and tissue rigidity (69–72). Using this concept, re-
markable progress has been made in culturing ovarian tissue and
maturing secondary follicles in vitro. But for patients in whom there
is no significant risk of ovarian metastasis, ovary tissue transplanta-
tion may now be ready for clinical use.
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