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Live birth from a frozen–thawed pronuclear stage
embryo almost 20 years after its cryopreservation
Donna Dowling-Lacey, M.S., Jacob F. Mayer, Ph.D., Estella Jones, M.S., Silvina Bocca, M.D., Ph.D.,
Laurel Stadtmauer, M.D., Ph.D., and Sergio Oehninger, M.D., Ph.D.

The Jones Institute for Reproductive Medicine, Eastern Virginia Medical School, Norfolk, Virginia

Objective: To report a live birth after transfer of cryopreserved pronuclear embryos in cryostorage for almost 20
years.
Design: Case report.
Setting: Academic IVF center.
Patient(s): A 42-year-old female patient with low ovarian reserve receiving donated embryos. These embryos were
the result of an anonymous donation from an infertile couple who had conceived during her IVF treatment.
Intervention(s): Cryopreservation (slow-freeze method) and thawing of pronuclear stage embryos, and ultrasound-
guided uterine ET.
Main Outcome Measure(s): Live birth.
Result(s): Five pronuclear embryos were thawed; two embryos survived, cleaved, and were transferred on day 2.
A singleton term pregnancy was achieved with the delivery of a healthy boy.
Conclusion(s): A healthy live birth was documented after uterine transfer of pronuclear stage cryopreserved (slow
freeze)–thawed embryos that were in storage for 19 years and 7 months. To our knowledge this case represents the
‘‘oldest’’ cryopreserved human embryos resulting in a live birth to date. (Fertil Steril� 2010;-:-–-. �2010 by
American Society for Reproductive Medicine.)
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Cryopreservation increases the total reproductive potential in the
assisted reproductive technology setting (1) and is responsible for
expanding therapeutic options and improving treatment safety for
assisted reproductive technology patients (2). Patients and their
treating physicians can decrease treatment costs with the perfor-
mance of multiple ETs from a single stimulation cycle, eliminate
or decrease the effects of ovarian hyperstimulation syndrome,
and minimize high-order gestations by limiting the number of
transferred embryos (3, 4).

The number of cryopreserved embryos in storage has increased,
as well as the amount of time in storage (4). The length of time
that pronuclear or cleavage stage embryos are in cryopreservation
storage does not seem to decrease the ability to produce a pregnancy.
This is important because of the dramatic increase in cryobiology
activity in the clinical setting as we witness improved methods to
freeze pronuclear, cleavage, and blastocyst stage embryos using
slow-freezing methods, and as optimized vitrification protocols
are being developed.
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However, there are few reports on the effects of the length of
storage on cryopreserved embryos. An early report by Testart
et al. (5) found an increase in the rate of embryonic cell death after
only a fewmonths of cryostorage. However, Cohen et al. (6) showed
that the increased length of cryostorage does not have an effect on
embryo development and potential. Our center recently reported
on a large number of frozen–thawed embryos (more than 11,000)
and concluded that the length of storage did not effect survival,
implantation, miscarriage, or live birth rates with pronuclear and
cleavage stage frozen embryos (4).

In our program, patients with embryos in cryostorage and who do
not wish to use these embryos have the opportunity to anonymously
donate their ‘‘surplus’’ embryos, at their discretion, to an adequately
‘‘matched’’ couple. A disposition consent form is required to donate
these embryos anonymously to another couple. This is a case report
of a patient who achieved a pregnancy from cryopreserved pronuclear
embryos (slow freezing) that were in cryostorage for 19.6 years.
CASE REPORT
Patients
The donated embryos were the result of an IVF cycle performed by an
infertile couple using their own gametes in January 1990. The female
patient (34 years of age) had bilaterally obstructed fallopian tubes. The
husband’s sperm sample concentration was 26 � 106/mL, with 61%
progressive motility and 4.5% normal morphology (strict criteria).
This couple achieved a pregnancy and delivered a healthy baby boy
after the transfer of cryopreserved embryos. After the birth of their
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TABLE 1
Embryo donation cycles with average length of

cryostorage >10 years.

Variable Rate

Patients age (y) 42.9 � 5.2

Average length of storage (y) 14.5 � 2.6a

Embryos survived/thawed (%) 38/60 (63)
Pronuclear stage (PN) 27/48 (56)

Cleavage stage (CL) 11/12 (92)

Embryos transferred (n ¼ 35) 2.5 � 0.5
child, the couple requested that the remaining five cryopreserved
embryos be donated to another couple that would remain unknown
to them, and they signed a disposition consent form for an ‘‘anony-
mous donation’’ in September 1993. These embryos remained in cry-
ostorage for 19.6 years and were eligible for donation for almost 16
years. In 2009 a ‘‘recipient’’ patient was successfully matched, and
she and her husband agreed to the anonymous donation.

After matching, the 42-year-old patient (‘‘donor embryo recipi-
ent’’), in overall good health, with low ovarian reserve, and a hyster-
oscopically normal uterus, received the cryopreserved–donated
embryos. Both members of the ‘‘recipient couple’’ signed informed
consent forms.
PN (n ¼ 23) 2.5 � 0.5
CL (n ¼ 7) 2.3 � 0.5

Mixed (PN þ CL) (n ¼ 5) 2.5 � 0.7

Clinical pregnancy rate per cycle 3/14 (21)

Clinical pregnancy rate per patient 3/11 (27)
Implantation rate 4/35 (12)

Implantation rate PN 4/23 (17)

Delivery rate per cycle 2/14b (14)
Delivery rate per patient 2/11 (18)

Note: N ¼ 14 cycles, 11 patients. Values are mean � SD or number

(percentage).
a Range, 11.7–19.6 years.
b One clinical miscarriage with 17.7-year-old thawed embryos; one

ongoing twin pregnancy with 13.2-year-old thawed embryos; one

delivery with 19.6-year-old thawed embryos. All of these patients

had a transfer with pronuclear stage frozen–thawed embryos.

Dowling-Lacey. Live birth from embryos stored two decades. Fertil Steril 2010.
Materials and Methods
The ‘‘recipient’’ patient was prepared for the ET cycle as follows (7):
transdermal 17b-E2 patches were administered (Vivelle Dot; Novo-
gyne Pharmaceuticals, Miami, FL; each patch delivering 0.1mg/d of
E2) and replaced every other day. On cycle day 1, two patches were
applied, and then E2 administration was gradually increased on cycle
days 7 (to three patches every other day) and on cycle day 11 (to four
patches every other day). In addition, from cycle day 12 and every
other day, 1 mg 17b-E2 (Estrace; Warner Chilcot, Rockaway, NJ)
was started vaginally and continued with the same dose every other
alternate day to the estrogen patch. From cycle day 15, the transder-
mal E2 dosewas decreased (to two patches every other day), alternat-
ing with the vaginal Estrace pills (at the same dose). From cycle day
15 on, vaginal micronized P (Prometrium; Solvay Pharmaceutical,
Baudette, MN) was added to the regimen (600 mg/d). Both steroids
were continued until 9 weeks’ gestation.

All cryopreserved embryos were developed from oocytes that
were at the metaphase II stage at the time of follicular aspiration
and inseminated using standard IVF insemination techniques. Pro-
nuclear embryos were cryopreserved 17 hours after fertilization
and thawed with a slow-freeze method with a programmed biolog-
ical freezer (Planer Kryo 10-7; T.S. Scientific, Perkasie, PA). The
cryoprotective supplement added to the freezing medium (Dulbec-
co’s phosphate-buffered saline; GIBCO Laboratories, Grand Island,
NY) was 1.5 M propanediol (1,2 propanediol; Fisher Scientific,
Pittsburgh, PA) (4, 8). Embryos were thawed in the afternoon of
day 16 and transferred on the morning of day 17. Survival of the
pronuclear stage frozen embryo was defined as the ability of the
zygote to enter syngamy and proceed to at least the first cleavage
division. Embryo transfer was performed under transabdominal
ultrasound guidance using a soft pass catheter (Cook Medical,
Bloomington, IN) (9).
Results
The 34-year-old ‘‘donor’’ patient had nine pronuclear embryos origi-
nally cryopreserved in January 1990. Four of these pronuclear
embryos were thawed in 1990 for the patient herself, two pronuclear
embryos survived and were transferred, resulting in the birth of
a healthy baby boy. The remaining five pronuclear embryos were
donated to the 42-year-old ‘‘recipient’’ in August 2009. Two pronu-
clear embryos survived the thaw. These embryos were allowed to
cleave overnight, and both cleaved to the two-cell stage.Both embryos
were given a grade 3 according toVeeck’s criteria (10) andwere trans-
ferred in the morning of day 2. The presence of an intrauterine gesta-
tional sac with fetal heart was confirmed at 7 weeks by transvaginal
1.e2 Dowling-Lacey et al. Live birth from embryos stored tw
ultrasound. The successful vaginal delivery of a healthy baby boy
(6 lb, 15 oz) occurred on May 7, 2010 after 41.5 weeks’ gestation.

DISCUSSION
We report an IVF live birth resulting from the transfer of pronuclear
embryos frozen for 19.6 years, which is the first pregnancy with em-
bryos in cryopreservation storage (at any stage of development) for
this length of time. In our programhistory, therewere a total of 14 donor
embryo cycles with embryos in cryostorage for more than 10 years
(clinical pregnancy rate 21%; implantation rate 12%) (Table 1).

There are previous reports of pregnancies from thawed embryos
that were in extended cryostorage. López-Teijón et al. (11) had pre-
viously reported a successful pregnancy and delivery from donated
pronuclear embryos thawed after 13 years of cryostorage. Go et al.
(12) had also reported a pregnancy from pronuclear embryos in
cryostorage for 8 years. Quintas et al. (13) and Revel et al. (14)
also reported pregnancies from frozen embryos at the cleavage stage
thawed after 8.9 years and 12 years, respectively.

There are few reports on long-term storage of human embryos.
However, there is an indication that embryos left in cryostorage
for extensive periods of time can result in healthy, live births. Ani-
mal models have already shown that extended cryostorage does
not effect embryo survival or healthy deliveries (15, 16). Further
human studies are necessary to improve the safety of long-term stor-
age of embryos. Currently even less is known about the long-term
effects of vitrification, an alternative to the slow-freezing methods.
More studies are needed to determine whether embryo vitrification
can result in improved survival and pregnancy rates, as well as its
impact of long-term storage (17, 18).
o decades Vol. -, No. -, - 2010
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