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Ovarian tissue and oocyte cryopreservation
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Although currently investigational, ovarian tissue cryopreservation and oocyte cryopreservation hold promise
for future female fertility preservation, particularly following aggressive chemotherapy and/or radiotherapy
treatment protocols. (Fertil Ste?i2004;82:993—-8. ©2004 by American Society for Reproductive Medicine.)

There are relatively few effective clinical retrieval usually requires 2 to 3 weeks or
options for preserving female fertility, particu- longer, it is generally not feasible to freeze
larly following aggressive chemotherapy embryos from an adult female cancer patient
and/or radiotherapy treatment protocols. Thisfor potential future use. Even considering the
document reviews the scientific baCkgrOUﬂd,frequent hiatus between surgery and chemo-
current technology, clinical results and poten- therapy in breast cancer patients, most would
tial future applications of two methods for pre- ot pe candidates for oocyte or embryo freez-
serving fgmale fertility—ovarian tissue Cryo- ing due to concerns that high estrogen levels
preservation and oocyte cryopreservation.might have detrimental effects on the primary
These technologies are investigational, al-y, o Additionally, not all patients have part-

thoug_htrapig!y (ta_volving, agd their ";‘t ;f. ai’r'] ners with whom they can create embryos to
propriate indications may be expanded in ecryopreserve.

future.
Most female cancer patients therefore have
limited clinical options for fertility preservation.
FEMALE FERTILITY In select cases, an oophoropexy may be per-
PRESERVATION formed to move an ovary out of an intended
radiation therapy field. Treatment with
Background gonadotropin-releasing hormone (GnRH) ana-
In 2001, over 625,000 women in the United |ogs or oral contraceptives during chemotherapy
States were diagnosed with some form of in- a5 heen advocated to protect the female gonad,
vasive cancer. Approximately 8%, or 50,000, 4jthqugh convincing evidence of benefit is yet to
of these women were under the age of 402). 0 seen Embryo banking is a proven method but
with gurrent treatment regimens, including ag- requires both available sperm and several weeks
gressive chemotherapy, radiotherapy, and bon%]c preparation. Oocyte banking avoids some of
marrow transplantation (BMT), cure rates for ; ) :
some malignancies can exceed 908% How- _the d|_sadyantages of emp yo bankm_g, although
ever, the alkylating agents (e.g., busulfan, Car_mvestlgatlons of the apphcatpn of this technol-
boplatin, chlorambucil, cisplatin, cyclophosph- ogy have peen ha_rr_lpe_red h|st0r|cally by poor
doocyte survival, fertilization, and resulting preg-

amide, dacarbazine, ifosfamide, thiotepa) an
ionizing radiation can often induce premature Nancy rates. Recently, there have been more en-

ovarian failure, rendering the patient infertile. couraging reports on the outcomes of oocyte
Most female cancer patients of reproductive freezing. Ovarian tissue banking has been suc-
age do not have the Option of ut|||z|ng estab- cessful in reStOI’ing fertlllty in |ab0rat0|'y animals
lished assisted reproductive technologies toand in atleast one human. Ovarian tissue banking
safeguard their fertility. In nearly all cancers, remains a promising clinical technique because it
with the possible exception of breast cancer,avoids ovarian stimulation and provides the op-
chemotherapy is initiated soon after diagnosis.portunity for preserving gonadal function in pre-
Because preparation and stimulation for oocytepubertal, as well as adult patients.
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Potential Indications

Ovarian cryopreservation and auto-transplantation were
initially designed to protect and restore reproductive func-
tion in female cancer patients receiving sterilizing chemo-
therapy and/or radiotherapy. The current possibilities for
ovarian cryopreservation extend beyond cancer, as gonado-
toxic chemotherapy is being used in a number of benign
systemic diseases as well. Moreover, patients undergoing
oophorectomy for benign ovarian conditions or for prophy-
laxis potentially may benefit from ovarian cryopreservation.
The primary experimental indications for ovarian tissue
cryopreservation or oocyte cryopreservation (if time per-
mits) for fertility preservation, both in cancer and non-cancer
patients, are as follows:

Patients Receiving Chemo- and/or Radiotherapy for
Treatment of Cancer

As noted, more than 50,000 reproductive-age women will be
diagnosed with cancer in the United States each year. Breast
cancer is the most common cancer seen in reproductive-age
women. Approximately 15% of the estimated 182,000 annual
cases of invasive breast cancer in the United Stateswill occur in
women less than 45 years of age (3). Many of these patients opt
for adjunctive chemotherapy and, as a result, are at risk for
premature ovarian failure.

Approximately 3,000 cases of cervical cancer will also
occur in premenopausal women annually (4). Patients who
require adjunctive therapies for cervical cancer may simi-
larly face arisk of premature ovarian failure. Survival rates
have increased dramatically for children with typical cancers
of childhood and youth (5) with treatment regimens that
include chemotherapy, radiotherapy and BMT. Overal, the
five-year survival rate has increased from less than 30% to
nearly 70% (2). As aresult of these more effective treatment
regimens, more than 4,000 female children are exposed to
potentially sterilizing chemotherapy and/or radiotherapy in
the United States annually.

Patients Undergoing Bone Marrow (BMT) or Stem Cell
Transplantation (SCT)

Whereas BMT was initialy used as a treatment for pa-
tients with leukemia, it is now being increasingly utilized for
a number of other cancerous and non-cancerous diseases.
Prior to BMT or SCT, high doses of chemotherapy and/or
radiotherapy are used to ablate the bone marrow. Unfortu-
nately, this regimen results in ovarian failure in nearly all
patients (6).

Oophorectomy for Benign Ovarian Tumors, Endometrioss,
or Prophylaxis

Bilateral oophorectomy results in sterility.
Autoimmune Diseases

For patients with severe lupus carditis, a regimen of
cyclophosphamide, a potentialy sterilizing form of chemo-

994 Practice Committee

Ovarian tissue and oocyte cryopreservation

therapy, is often initiated. Similarly, in other autoimmune
diseases such as glomerulonephritis and Behget's disease,
cyclophosphamide treatment is used with increasing fre-
guency, rendering patients infertile.

OVARIAN TISSUE CRYOPRESERVATION

Clinical Studies

Encouraged by the mounting evidence from animal ovar-
ian autograft studies (7-9), similar techniques have been
applied in humans. In theory, natural pregnancy might be
achieved via orthotopic transplantation (an autograft placed
near the infundibulopelvic ligament) if the fallopian tubes
remain intact and the transplant does not become sequestered
beneath the peritoneum. Although fresh ovarian transplanta-
tion was reported as early as 1906 (10), orthotopic transplan-
tation of previously frozen ovarian tissue had been per-
formed only in animals until 1999.

Trials in sheep had demonstrated that orthotopic trans-
plantation techniques could restore ovarian endocrine func-
tion, fertility, and yield viable offspring (11). In humans,
ovarian stimulation has successfully induced ovulation from
transplanted frozen-thawed ovarian cortical tissue (12, 13).
In one individual, transient restoration of spontaneous ovar-
ian follicular development and estrogen production, but not
ovulation, was observed after autotransplantation of frozen-
thawed ovarian tissue that had been harvested and banked
before chemotherapy and radiation therapy for lymphoma
(14). The first human livebirth after orthotopic transplanta
tion of cryopreserved ovarian tissue has now been reported,
also in a woman previously treated with chemotherapy and
radiation for lymphoma (15). Because sporadic spontaneous
ovulation had been observed after treatment and before
transplantation, it is also possible, but unlikely, that the
pregnancy may have derived from an ovum released not
from the transplant but from the ovaries which remained in
Situ.

There have been several additional reports regarding the
use of heterotopic sites for ovarian transplantation. Utilizing
a forearm heterotopic autograft, in which ovarian tissue is
grafted into the subcutaneous space above the brachioradia-
lis fascia of the forearm, patients must undergo an IVF-ET
procedure to conceive. The forearm transplantation tech-
nique, however, does not require general anesthesia or ab-
dominal surgery and allows the ovarian tissue to be closely
monitored. If needed, ovarian removal would be less com-
plicated with a forearm heterotopic graft rather than an
orthotopic graft. Moreover, the forearm has been success-
fully used for autografting fresh and frozen-banked parathy-
roid tissue for many years (16, 17). Ovarian function has
been restored in two patients for at least 2 years after
transplanting ovarian tissue to the forearm. In one of these
patients, oocytes were even aspirated percutaneously (18).

A recent primate study has also confirmed the feasibility
of the forearm heterotopic approach in restoring menstrual
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cyclicity and the capacity to produce mature oocytes in
response to gonadotropin stimulation (19). Thefirst live birth
in a primate after heterotopic ovarian transplantation has
been reported (20). In humans, a morphologicaly normal
embryo that was transferred has been reported, but no preg-
nancy has resulted (21).

Because of the relatively low follicle survival rate cur-
rently seen after ovarian transplantation, it does not appear to
be feasible to cryopreserve ovarian tissue from women older
than 40 years of age (22). In patients younger than 40, the
amount of ovarian tissue cryopreserved theoretically should
be proportional to the risk of age-related diminished follic-
ular reserve. Based on the current evidence, removal of both
ovaries for cryopreseration is not justified at this time unless
the chemotherapy regimen has an extremely high likelihood
of inducing complete ovarian failure.

Potential Risks

There is a legitimate concern regarding the potential for
reseeding tumor cells following ovarian transplantation pro-
cedures in cancer patients. Although many types of cancer
virtually never metastasize to the ovaries, leukemias are
systemic in nature and pose a significant risk. Neuroblasto-
mas and breast cancers are aso of moderate risk to metas-
tasize to the ovaries. On the other hand, ovarian involvement
is extremely rare in Wilms' tumor, lymphomas (with the
exception of Burkitt's lymphoma), osteosarcomas, Ewing's
sarcoma, and extragenital rhabdomyosarcomas. Ovarian in-
volvement is also highly unlikely in squamous cell cervical
cancers, even in the most advanced stages.

In order to minimize the risk of cryopreserving ovarian
tissue with metastases, histological evaluation always should
be performed on multiple harvested ovarian tissue samples.
In cases of leukemia or lymphoma, chromosomal and other
tumor markers can be studied by immunohistochemical or
other molecular biological methods to screen for the pres-
ence of cancer cells (23). Prior to undertaking ovarian tissue
cryopreservation, a consultation with the patient’s medical
oncologist is always appropriate.

The potential for malignant transformation of the trans-
planted ovarian tissue raises an interesting dilemma. In cases
where oophorectomy is performed in patients with an in-
creased risk of ovarian cancer due to a genetic predisposition
(i.e., mutation in tumor suppressor genes or BRCA-1 or
BRCA-2 mutation), replacing the same tissue could pose
significant risks for future malignancy. If one assumes that
the risk of ovarian cancer will be suspended at the age of
ovary removal and the oophorectomy is done at a young age,
the tissue could perhaps be transplanted to a heterotopic site
and removed as soon as pregnancy is achieved, potentially
exposing the patient to a shorter interval of risk. The safety
of such an approach for BRCA-positive patients needs to be
determined.

FERTILITY & STERILITY®

There are no human studies that have specifically exam-
ined the quality of oocytes and embryos that result following
aprior course of chemotherapy. It is known that chemother-
apeutic agents can cause mutations, DNA adducts, and struc-
tural breaks, as well as oxidative damage in somatic and
germ cells. Fertilization in female mice recently exposed to
cyclophosphamide resulted in a higher rate of pregnancy
failures and fetal malformations (24).

Studies that have examined pregnancy outcomes in can-
cer survivors have found no significant increase in congen-
ital malformations or malignant neoplasms in the resulting
offspring (25, 26). These studies, however, primarily evalu-
ated women who conceived years after their chemotherapy
treatment. (Until human studies are available, and depending
on the age of the patient and type of cancer being treated, it
is suggested that patients avoid attempting pregnancy for at
least 3 to 6 months after chemotherapy. What is a safe
interval after completing chemotherapy prior to ovarian tis-
sue harvesting and cryopreservation is unknown at present.)

Conclusion

Ovarian tissue cryopreservation and transplantation is
experimental. Future research in larger numbers of patients
will determine whether acceptable longevity can be achieved
with both pelvic and forearm ovarian cortical transplant
procedures and whether fertility reliably can be restored.
Research should focus on better defining patient suitability,
methods of tissue collection, optimal tissue size, choice of
cryoprotectants and cryopreservation protocols, and possible
in vitro maturation of ooctyes for human ovarian tissue. In
addition, research is needed in order to enhance the revas-
cularization process with the goal of reducing the follicular
loss that takes place after tissue grafting.

Currently, ovarian tissue cryopreservation can only be
recommended as an experimental protocol in carefully se-
lected patients. This is important to emphasize as there
appears to be a growing trend for centers to offer ovarian
tissue cryopreservation solely for the potential of future use.
Because many unanswered questions remain regarding who
is an appropriate candidate for the procedure as well as the
optimal methods of tissue collection and cryopreservation,
ovarian tissue freezing itself, even without transplantation,
should still be considered experimental. Likewise, ovarian
transplantation procedures should only be performed as ex-
perimental procedures in centers under institutional review
board (IRB) guidelines. These procedures (either ovarian
tissue cryopreservation or transplantation) should not be
advertised as established clinical services offered by assisted
reproduction programs. Appropriate current experimental in-
dications primarily focus on providing an alternative for
women who immediately face near term medical therapies
that clearly threaten their future fertility.

Due to the present potential risk-to-benefit ratio, ovarian
tissue cryopreservation should not be currently either mar-
keted or offered as a means to defer reproductive aging.
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OOCYTE CRYOPRESERVATION

Background

Oocyte cryopreservation is another experimental option
for female fertility preservation. Oocyte cryopreservation is
an attractive strategy as it does not require surgery, and
well-tested stimulation protocols for IVF can be used. Un-
fortunately, the majority of cancer patients do not have
enough time to complete an IVF stimulation cycle before
starting cancer treatment. In addition, pregnancy rates after
transfer of thawed fertilized oocytes have been quite low.
Recently, however, several studies have reported better post-
thaw oocyte survival, fertilization, and pregnancy rates (27,
28). For thisreason, arenewed interest in oocyte cryopreser-
vation has occurred.

The metaphase-11 oocyte is extremely fragile dueto its large
size, water content, and chromosomal arrangement. In the ma-
ture oocyte, the metaphase chromosomes are lined up by the
meiotic spindle dong the equatoria plate. It has been well
documented that the spindle apparatus is easily damaged by
intracellular ice formation during the freezing or thawing pro-
cess (29, 30). In addition, hardening of the zona pdllucida can
adversdly affect the normal fertilization process (31).

Laboratory Methods

In oocytes, rates of freezing and thawing damage differ
according to maturationa stage (32, 33). Oocytes frozen at the
germind vesicle (GV) stage survive better than those frozen at
the metaphase-11 stage (34). Additionally, oocytes frozen et the
GV stage have lower rates of abnormdities in the resulting
meiotic spindle than oocytes frozen at the metaphase-Il stage
(30). Even though GV oocytes have a superior thaw survival
rate and a lower incidence of meiotic spindle damage, the
continued inefficiency of in vitro maturation protocolsresultsin
afina yidd of mature oocytes that is similar to that obtained
with cryopreserved metaphase-ll oocytes. Variability in sur-
viva rates of frozen-thawed metaphase-ll oocytes may be
partly attributable to the qudity of oocytes used (35).

Other studies have suggested that modifications in the
cryopreservation methods are responsible for these differ-
ences. Increasing the sucrose concentration of the cryopro-
tectant medium, for example, increased the survival rate of
frozen M-Il oocytes in a dose-dependent manner (36). Nu-
merous studies have also reported improved oocyte survival
by modifications of cryopreservation techniques such as
changing the initial temperature of the cryoprotectant (37),
changing the seeding temperature (38), using low-sodium
medium (39), or injecting cryoprotectants (e.g., trehalose)
directly into the oocyte (40). The use of intracytoplasmic
sperm injection (ICSl) has additionally improved fertiliza-
tion rates and overcomes the issue of potential zona harden-
ing after freezing (41, 42).

Vitrification is the process of cryopreservation using high
concentrations of cryoprotectant to solidify the cell into a
glass-like state without the formation of ice. In humans,
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post-thaw survival rates of vitrified oocytes have improved
and fertilization rates are beginning to rival those of fresh
oocytes (43). Compared to control oocytes, similar rates of
maturation, fertilization, and embryo devel opment have been
obtained by vitrification of immature human oocytes (44).
Human pregnancies and deliveries from vitrified mature
oocytes have also been reported (43, 45).

Clinical Studies

To date, there remain a limited number of established preg-
nancies and deliveries derived from cryopreserved oocytes. No
increase in the number of abnormal or stray chromosomes in
thawed, previousdly cryopreserved oocytes has been observed
(46). The incidence of chromosomal abnormalities in human
embryos obtained from cryopreserved oocytes was no different
from that of control embryos using fluorescence in-situ hybrid-
ization (47). One recent follow-up of 13 children resulting from
cryopreserved oocytes faled to revead any abnormadities in
karyotype, mean age a ddivery, mean birth weight, or organ
formation (48). In another 3-year follow-up study of 16 children
born after oocyte cryopreservation, one case of ventricular
septal defect was noted (49). In the latter report, the investiga
tors aso failed to detect any intellectual or developmentd
deficits in any of the children.

Potential Risks

Due to the known effects of cryopreservation on the
meiotic spindle of the oocyte, there remain concerns regard-
ing the potential for chromosomal aneuploidy or other
karyotypic abnormalitiesin the offspring. Concerns similarly
remain regarding the potential for organ malformations or
other developmental problems. Despite the few promising
studies on vitrification, even less is known about the poten-
tially detrimental effects of vitrification when compared with
conventional cryopreservation techniques.

Conclusion

The experimental nature of oocyte cryopreservation sug-
gests potential for clinical application, although it istoo soon
to conclude that the incidence of anomalies and develop-
mental abnormalities of children born from cryopreserved
oocytes are similar to those born from cryopreserved em-
bryos. Oocyte cryopreservation will need to be studied in
adequate numbers of patients for a sufficient length of time
to determine whether the development of children is com-
parable to those conceived from other established assisted
reproduction techniques.

Moreover, while the pregnancy rates might be improving,
the current pregnancy rates appear to be significantly less
than those seen with standard IVF procedures. In the case of
patients who are facing infertility due to chemotherapy,
oocyte cryopreservation may be one of the few options
available. It might therefore be acceptable under these cir-
cumstances with appropriate informed consent in an inves-
tigational protocol under the auspices of an IRB. On the
other hand, there is not yet sufficient data to recommend
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oocyte cryopreservation for the sole purpose of circumvent-
ing reproductive aging in healthy women.

SUMMARY AND CONCLUSIONS

® Chemotherapy and radiotherapy pose significant risks
to future female fertility.

® For women facing upcoming cancer therapies, thereis
generaly insufficient time available to permit ovarian
stimulation, oocyte retrieval, and embryo freezing.

® Ovarian tissue cryopreservation and oocyte cryo-
preservation hold promise for future female fertility
preservation.

® Ovarian function has been documented in a small
number of cases following both orthotopic (pelvic)
and heterotopic (forearm, abdomen) transplantation of
thawed ovarian cortical strips.

® Ovarian tissue cryopreservation or transplantation
procedures should be performed only as experimental
procedures under IRB guidelines.

® Recent laboratory modifications have resulted in im-
proved oocyte survival, oocyte fertilization, and preg-
nancy rates from frozen-thawed oocytes in IVF.

e Although based on a limited number of established
pregnancies and deliveries resulting from cryopre-
served oocytes, no increase in chromosomal abnor-
malities, birth defects, or developmental deficits have
been noted in the children born from cryopreserved
oocytes to date.

® Oocyte cryopreservation presently should be consid-
ered an experimental technique only to be performed
under investigational protocol under the auspices of an
IRB.

® At the present time, neither ovarian tissue nor oocyte
cryopreservation should be marketed or offered as a
means to defer reproductive aging.

Acknowledgments: This report was developed under the direction of the
Practice Committee of the Society for Assisted Reproductive Technology
and the Practice Committee of the American Society for Reproductive
Medicine as a service to their members and other practicing clinicians.
While this document reflects appropriate management of a problem encoun-
tered in the practice of reproductive medicine, it is not intended to be the
only approved standard of practice or to dictate an exclusive course of
treatment. Other plans of management may be appropriate, taking into
account the needs of the individual patient, available resources, and insti-
tutional or clinical practice limitations. This report was approved by the
Executive Council of the Society for Assisted Reproductive Technology in
April 2004, and by the Board of Directors of the American Society for
Reproductive Medicine in April 2004.

References

1. American Cancer Society. Cancer facts and figures—2001. Atlanta,
GA: American Cancer Society, 2001.

FERTILITY & STERILITY®

10.
11.

12.
13.

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

. National Cancer Ingtitute. SEER*Stat software, version 2.0. SEER

cancer incidence public-use database, 1973-1996, August 1998 submis-
sion. Bethesda, MD: National Cancer Institute, 1999.

. Ries LAG, Percy CL, Bunin GR. Introduction. In: Ries LAG, Smith

MA, Gurney JG, Linet M, Tamra T, Young JL, Bunin GR, eds. Cancer
incidence and survival among children and adolescents: United States
SEER Program 1975-1995 [NIH Pub. No. 99-4649]. Bethesda, MD:
National Cancer Institute, 1999:1-15.

. Chen VW, Wu XC, Andrews PA, Cancer in North America, 1990-

1994. Volume one: incidence. Sacramento, CA: North American As-
sociation of Central Cancer Registries, 1998.

. Apperley JF, Reddy N. Mechanism and management of treatment-

related gonadal failure in recipients of high dose chemoradiotherapy.
Blood Rev 1995;9:93-116.

. Meirow D. Reproduction post-chemotherapy in young cancer patients.

Mol Cell Endocrinol 2000;169:123-31.

. Aubard Y, Piver P, Cogni Y, Fermeaux V, Poulin N, Driancourt MA.

Orthotopic and heterotopic autografts of frozen-thawed ovarian cortex
in sheep. Hum Reprod 1999;14:2149-54.

. Baird DT, Webb R, Campbell BK, Harkness LM, Gosden RG. Long-

term ovarian function in sheep after ovariectomy and transplantation of
autografts stored at -196°C. Endocrinology 1999;140:462—71.

. Candy CJ, Wood MJ, Whittingham DG. Restoration of a normal

reproductive life-span after grafting of cryopreserved mouse ovaries.
Hum Reprod 2000;15:1300—-4.

Morris RT. A case of heteroplastic ovarian grafting followed by preg-
nancy, and the delivery of aliving child. Med Rec 1906;69:697—-8.
Gosden RG, Baird DT, Wade JC, Webb R. Restoration of fertility to
oophorectomized sheep by ovarian autografts stored at -196 degrees C.
Hum Reprod 1994;9:597—-603.

Oktay K, Karlikaya G. Ovarian function after transplantation of frozen,
banked autologous ovarian tissue. N Engl J Med 2000;342:1919.
Oktay K, Aydin BA, Karlikaya G. A technique for laparoscopic trans-
plantation of frozen-banked ovarian tissue. Fertil Steril 2001;
75:1212-6.

Radford JA, Lieberman BA, Brison DR, Smith AR, Critchlow JD,
Russell SA, et al. Orthotopic reimplantation of cryopreserved ovarian
cortical strips after high-dose chemotherapy for Hodgkin's lymphoma.
Lancet 2001;357:1172-5.

Donnez J, Dolmans MM, Demylle D, et a. Livebirth after orthopedic
transplantation of cryopreserved ovarian tissue. Lancet (published on-
line September 24, 2004). Available at: http://image.thelancet.com/
extras/04art9230web. pdf

Wells SA Jr, Ellis GJ, Gunnells JC, Schneider AB, Sherwood LM.
Parathyroid autotransplantation in primary parathyroid hyperplasia
N Engl J Med 1976;295:57—62.

Wagner PK, Seesko HG, Rothmund M. Replantation of cryopreserved
human parathyroid tissue. World J Surg 1991;15:751-5.

Oktay K, Aydin BA, Economos K, Rucinski, J. Restoration of ovarian
function after autologous transplantation of human ovarian tissue in the
forearm [Abstract]. Fertil Steril 2000;74(Suppl 3):S90.

Schnorr J, Oehninger S, Toner J, Hsiu J, Lanzendorf S, Williams R, et
al. Functional studies of subcutaneous ovarian transplants in non-
human primates: steroidogenesis, endometrial development, ovulation,
menstrual patterns and gamete morphology. Hum Reprod 2002;17:
612-9.

Lee DM, Yeoman RR, Battaglia DE, Stouffer RL, Zelinski-Wooten
MB, Fanton JW, et a. Live birth after ovarian tissue transplant. Nature
2004;428:137-8.

Oktay K, Buyuk E, Veeck L, Zaninovic N, Xu K, Takeuchi T, et a.
Embryo development after heterotopic transplantation of cryopreserved
ovarian tissue. Lancet 2004;363:837-40.

Oktay K. Evidence for limiting ovarian tissue harvesting for the pur-
pose of transplantation to women younger than 40 years of age. J Clin
Endocrinol Metab 2002;87:1907—-8.

Oktay K. Ovarian tissue cryopreservation and transplantation: prelim-
inary findings and implications for cancer patients. Hum Reprod Update
2001,7:526-34.

Meirow D, Epstein M, LewisH, Nugent D, Gosden RG. Administration
of cyclophosphamide at different stages of follicular maturation in
mice: effects on reproductive performance and fetal malformations.
Hum Reprod 2001;16:632-7.

Hawkins MM. Pregnancy outcome and offspring after childhood can-
cer. BMJ 1994;309:1034.

Sanders JE, Hawley J, Levy W, Gooley T, Buckner CD, Deeg HJ, et al.
Pregnancies following high-dose cyclophosphamide with or without
high-dose busulfan or total-body irradiation and bone marrow trans-
plantation. Blood 1996;87:3045-52.

Quintans CJ, Donaldson MJ, Bertolino MV, Pasqualini RS. Birth of
two babies using oocytes that were cryopreserved in a choline-based
freezing medium. Hum Reprod 2002;17:3149-52.

997



28.
29.
30.

31.

32.

33.

35.

36.

37.
38.

998 Practice Committee

Boldt J, Cline D, McLaughlin D. Human oocyte cryopreservation as an
adjunct to 1VVF-embryo transfer cycles. Hum Reprod 2003;18:1250-5.
Shaw M, Oranratnachai A, Trounson AO. Fundamenta cryobiology of
mammalian oocytes and ovarian tissue. Theriogenology 2000;53:59—72.
Baka SG, Toth TL, Veeck LL, Jones HW Jr, Muasher SJ, Lanzendorf
SE. Evaluation of the spindle apparatus of in-vitro matured human
oocytes following cryopreservation. Hum Reprod 1995;10:1816—20.
Matson PL, Graefling J, Junk SM, Yovich JL, Edirisinghe WR. Cryo-
preservation of oocytes and embryos: use of a mouse model to inves-
tigate effects upon zona hardness and formulate treatment strategies in
an in-vitro fertilization programme. Hum Reprod 1997;12:1550-3.
Friedman CR, Jackson KV, Shen S, Ginsburg ES, Racowsky C. Factors
influencing survival, activation, and fertilization capacity of cryopre-
served human oocytes [Abstract]. J Soc Gynecol Invest 2000;7(Suppl
1):178A.

Luvoni GC, Pellizzari P. Embryo development in vitro of cat oocytes
cryopreserved at different maturation stages. Theriogenology 2000;53:
1529-40.

. Boiso I, Marti M, Santalo J, Ponsa M, Barri PN, Veiga A. A confocal

microscopy analysis of the spindle and chromosome configurations of
human oocytes cryopreserved at the germinal vesicle and metaphase 11
stage. Hum Reprod 2002;17:1885-91.

Goud A, Goud P, Qian C, Van der Elst J, Van Maele G, Dhont M.
Cryopreservation of human germinal vesicle stage and in vitro
matured M |1 oocytes: influence of cryopreservation media on the
survival, fertilization, and early cleavage divisions. Fertil Steril
2000;74:487-94.

Fabbri R, Porcu E, Marsella T, Rocchetta G, Venturoli S, Flamigni C.
Human oocyte cryopreservation: new perspectives regarding oocyte
survival. Hum Reprod 2001;16:411-6.

Sathananthan AH, Trounson A, Freemann L, Brady T. The effects of
cooling human oocytes. Hum Reprod 1988;3:968—77.

Trad FS, Toner M, Biggers JD. Effects of cryoprotectants and ice-
seeding temperature on intracellular freezing and survival of human
oocytes. Hum Reprod 1999;14:1569-77.

39.

41.

42.

46.

47.

49.

Ovarian tissue and oocyte cryopreservation

Stachecki JJ, Willadsen SM. Cryopreservation of mouse oocytes using
a medium with low sodium content: effect of plunge temperature.
Cryobiology 2000;40:4-12.

. Eroglu A, Toner M, Toth TL. Beneficial effect of microinjected treha-

lose on the cryosurvival of human oocytes. Fertil Steril 2002;77:152-8.
Porcu E, Fabbri R, Seracchioli R, Ciotti PM, Magrini O, Flamigni C.
Birth of a healthy female after intracytoplasmic sperm injection of
cryopreserved human oocytes. Fertil Steril 1997;68:724—6.

Polak de Fried E, Notrica J, Rubinstein M, Marazzi A, Gomez Gonza-
lez M. Pregnancy after human donor oocyte cryopreservation and
thawing in association with intracytoplasmic sperm injection in a pa-
tient with ovarian failure. Fertil Steril 1998;69:555-7.

. Yoon TK, Chung HM, Lim JM, Han SY, Ko JJ, Cha KY. Pregnancy

and delivery of healthy infants developed from vitrified oocytes in a
stimulated in vitro fertilization-embryo transfer program. Fertil Steril
2000;74:180-1.

. Wu J, Zhang L, Wang X. In vitro maturation, fertilization and embryo

development after ultrarapid freezing of immature human oocytes.
Reproduction 2001;121:389-93.

. Kuleshova L, Gianaroli L, Magli C, Ferraretti A, Trounson A. Birth

following vitrification of asmall number of human oocytes: case report.
Hum Reprod 1999;14:3077-9.

Gook DA, Oshorn SM, Bourne H, Johnston WI. Fertilization of human
oocytes following cryopreservation: normal karyotypes and absence of
stray chromosomes. Hum Reprod 1994;9:684-91.

Cobo A, Rubio C, Gerli S, Ruiz A, Pellicer A, Remohi J. Use of
fluorescence in situ hybridization to assess the chromosomal status of
embryos obtained from cryopreserved oocytes. Fertil Steril 2001;75:
354-60.

. Porcu E, Fabbri R, Seracchioli R, De Cesare R, Giunchi S, Caracciolo

D. Obstetric, perinatal outcome and follow up of children conceived
from cryopreserved oocytes [Abstract]. Fertil Steril 2000;74(Suppl
1):$48.

Winslow KL, Yang D, Blohm PL, Brown SE, Jossim P, Nguyen K.
Oocyte cryopreservation/a three year follow-up of sixteen births [ab-
stract]. Fertil Steril 2001;76(Suppl 1):S120-1.

Vol. 82, No. 4, October 2004



	Ovarian tissue and oocyte cryopreservation
	FEMALE FERTILITY PRESERVATION
	Background
	Potential Indications
	Patients Receiving Chemo- and/or Radiotherapy for Treatment of Cancer
	Patients Undergoing Bone Marrow (BMT) or Stem Cell Transplantation (SCT)
	Oophorectomy for Benign Ovarian Tumors, Endometriosis, or Prophylaxis
	Autoimmune Diseases


	OVARIAN TISSUE CRYOPRESERVATION
	Clinical Studies
	Potential Risks
	Conclusion

	OOCYTE CRYOPRESERVATION
	Background
	Laboratory Methods
	Clinical Studies
	Potential Risks
	Conclusion

	SUMMARY AND CONCLUSIONS
	Acknowledgments
	References


