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Objective: To evaluate the developmental competence and chromosomal normality of oocytes vitrified at
various times after maturation culture.
Design: In vitro model study.
Setting: A university-affiliated hospital.
Patient(s): Unstimulated women who underwent cesarean section or oophorectomy and infertile women who
underwent a long protocol of GnRH stimulation.
Intervention(s): Retrieved oocytes were vitrified at 0 or 48 hours after culture in unstimulated cycles and at
0, 8 –15, or 24 –28 hours after culture in stimulated cycles.
Main Outcome Measure(s): Postthaw morphologic normality, maturation, fertilization, cleavage, blastocyst
formation, and chromosome number.
Result(s): In the 53 oocytes that were obtained from unstimulated cycles, no statistically significant differences were found in rates of morphologic normality (range, 56%– 63%) or fertilization (range, 31%–37%)
according to the time of vitrification. In the 50 oocytes that were obtained from stimulated cycles, more of
those that were vitrified at 24 –28 hours were morphologically normal than those that were vitrified at 0 or
8 –15 hours. Regardless of these differences, high cleavage rates (83%–100%) were obtained that did not differ
significantly among the treatment groups. In both cycles, 20%– 43% of cleaved oocytes developed to the
blastocyst stage by 6 days after IVF. All the karyotyped blastocysts, three from unstimulated cycles and four
from stimulated cycles, had a normal number of chromosomes.
Conclusion(s): Vitrified and thawed oocytes from unstimulated or stimulated cycles developed to the
blastocyst stage, regardless of when vitrification occurred; the number of chromosomes in the blastocysts was
normal. (Fertil Steril威 2000;73:545–51. ©2000 by American Society for Reproductive Medicine.)
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Techniques for the long-term preservation
of human oocytes have been developed and
pregnancies have been achieved after the transfer of embryos derived from cryopreserved oocytes (1–5). In these reports, the technique used
involved slow freezing and rapid thawing with
propylene glycol or dimethylsulfoxide. However, these cryopreservation programs have a
limited ability to support oocyte growth and
development, and they frequently induce fertilization failure and meiotic spindle and chromosomal abnormalities that adversely affect sub-

sequent embryo development (6, 7). In addition,
because of the low freezing capacity of immature
(germinal vesicle [GV]) oocytes (8, 9), most
studies have focused on the cryopreservation of
mature (metaphase II) oocytes, with only a few
exceptions (5, 10). This limits the use of cryopreservation programs to patients who have a
large number of immature oocytes.
Therefore, we turned our attention to the use
of a vitrification protocol instead of the slow
freezing method. Vitrification results in less
cellular damage than slow freezing. Recent re545

TABLE 1
Patient demographics and morphologic normality, maturation, and fertilization of oocytes vitrified at different times after
maturation culture.
No. (%) of vitrified oocytes

Total no.
of patients

Mean
(⫾SD)
age (y)

Mean duration
(⫾SD) of
infertility (y)

No. of
oocytes
allotted

Time of
vitrification
(hours after
culture)

Unstimulated

66

33.2 ⫾ 5.8

—

Stimulated

50

34.1 ⫾ 3.8

5.7 ⫾ 3.5

30
23
17
16
17

0
48
0
8–15
24–28

Induction
program

No. of
oocytes
vitrified

Morphologically
normal*

Matured*

Developed to the
2PN stage after
ICSI†

30
16‡
17
14§
12‡

19 (63)
9 (56)
11 (65)
9 (64)㛳
12 (100)㛳

12 (40)
—
9 (53)
9 (64)
—

7 (37)
5 (31)
6 (55)
5 (56)
10 (83)

Note: 2PN ⫽ pronuclear stage.
* Percentage of the number of oocytes vitrified. Morphologic normality was evaluated immediately after thawing and maturation of oocytes was examined
at 48 hours and 24 –28 hours after maturation culture in the oocytes retrieved from unstimulated and stimulated patients, respectively.
† Development of oocytes to the 2PN stage (with male and female pronuclei) was examined at 18 hours after ICSI. Percentage of the number of oocytes that
were morphologically normal.
‡ Only oocytes that had a first polar body and expanded cumulus cells were vitrified.
㛳 P⬍.05 within the same column of each cycle (P value for model effect was .0001).
§Only oocytes with expanded cumulus cells and no visible GV were vitrified.
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ports in animals (11–13) demonstrated that vitrification is
useful for freezing oocytes at both the GV stage and the
metaphase II stage. Blastocysts and live offspring have resulted from vitrified oocytes in some species (14, 15). In a
previous study using human oocytes (unpublished data), we
found a high rate of morphologic normality when GV-stage
oocytes were cryopreserved by a vitrification method in which
ethylene glycol was used as a permeable cryoprotectant.
We conducted this study to assess the usefulness of the
vitrification method in clinical practice. We obtained oocytes
from unstimulated and stimulated cycles and vitrified them
at various times after maturation culture. We evaluated the
morphologic normality, developmental competence to the
blastocyst stage, and chromosomal normality of the resulting
blastocysts with an in vitro culture system using the intracytoplasmic sperm injection (ICSI) technique.

MATERIALS AND METHODS
The institutional review board of CHA General Hospital,
College of Medicine, Pochon CHA University, approved all
the experimental procedures used in this study. All the study
participants gave their informed consent.

Patients
Sixty-six women with normal ovarian function (unstimulated cycles) and 50 infertile women undergoing controlled
ovarian hyperstimulation by a long protocol with a GnRH
agonist and gonadotropins were enrolled in the study. As
shown in Table 1, the mean (⫾SD) age of the unstimulated
women was 33.2 ⫾ 5.8 years and that of the stimulated, in546
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fertile women was 34.1 ⫾ 3.8 years. The mean (⫾SD) duration
of infertility was 5.7 ⫾ 3.5 years in the stimulated women.

Media
The basic medium used for the aspiration of oocytes was
Ham’s F-10 medium supplemented with heparin (30 IU/mL;
GIBCO BRL, Grand Island, NY). The basic medium used
for in vitro maturation and IVF was a tissue culture medium
(TCM-199; GIBCO BRL) with Earle’s balanced salt solution, to which 20% (vol/vol) fetal bovine serum (collected
from cattle free of bovine spongy encephalitis; GIBCO BRL),
0.05 mg/mL of penicillin G, and 0.075 mg/mL of streptomycin sulfate were added.
For in vitro maturation of oocytes, 10 IU/mL of pregnant
mare serum gonadotropin (Sigma Co., St. Louis, MO) and
10 IU/mL of hCG (Sigma Co.) were added to the TCM-199.
This in vitro maturation medium yielded the highest maturation rate compared with the media used in our preliminary
experiment (16). For in vitro culture of vitrified oocytes,
preimplantation medium (P1 medium; Irvine Scientific Co.,
Santa Ana, CA) supplemented with 10% (vol/vol) synthetic
serum substitute (Irvine Scientific Co.) was used.

Retrieval of Oocytes
Oocytes were retrieved from unstimulated women who
were undergoing caesarean section or oophorectomy by direct aspiration of ovarian follicles with a 21-gauge needle
attached to a 10-mL syringe filled with aspiration medium
(17). In stimulated patients, an ultrasound-guided transvaginal oocyte aspiration technique was used to retrieve oocytes.
Oocytes retrieved from all patients were washed four times
Vol. 73, No. 3, March 2000

FIGURE 1
Experimental design of this study. IVC ⫽ in vitro culture; IVM ⫽ in vitro maturation.
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in maturation medium and cultured for designated periods
before vitrification.

Vitrification and Thawing of Oocytes
The vitrification method used in this study was based on
the method developed by Martino et al. (13). In brief, oocytes were placed in a cryoprotectant consisting of Dulbecco’s phosphate-buffered solution (GIBCO BRL) supplemented with 5.5 M of ethylene glycol and 1 M of sucrose for
20 seconds. One or two oocytes were mounted on an electron
microscopic copper grid (EM grid; Gilder Co., Westchester,
PA) using a fine glass pipette, and surplus cryoprotectant
was removed using sterilized filter paper. The EM grids
containing the oocytes were immediately plunged into liquid
nitrogen at ⫺196°C and stored for 7–31 days.
For thawing, the EM grid was transferred sequentially to
Falcon plastic culture dishes (catalog number 1008; Becton
and Dickinson, Lincoln Park, NJ) containing Dulbecco’s
phosphate-buffered solution supplemented with 10% (vol/
vol) fetal bovine serum, to which 0.5 M, 0.25 M, 0.125 M,
or 0 M of sucrose was added at intervals of 1 minute at
37°C. Thawed oocytes then were washed 4 – 6 times in
maturation medium and reserved for subsequent experimental procedures.

Experimental Design, and In Vitro
Maturation, ICSI, and In Vitro Culture of
Vitrified Oocytes
The total duration of the maturation culture period was 48
hours for oocytes obtained from unstimulated cycles and
FERTILITY & STERILITY威

24 –28 hours for oocytes obtained from stimulated cycles.
For maturation, oocytes were cultured in Falcon organ culture dishes (catalog number 3037; Becton and Dickinson)
containing 2 mL of maturation medium at 37°C under 5%
CO2 in humidified air. In unstimulated cycles, retrieved
oocytes were vitrified at either 0 hours or 48 hours after
maturation culture by random assignment. In stimulated
cycles, retrieved oocytes were assigned randomly to three
groups that underwent 0 hours, 8 –15 hours, or 24 –28 hours
of maturation before vitrification.
For vitrification at the onset of culture in both cycles, only
oocytes that had normal morphology, with an evenly granulated cytoplasm and a distinct GV, were used. An experienced embryologist verified the presence of a GV in the
cytoplasm under an inverted microscope. Cumulus cells that
enclosed some of the oocytes, obscuring the cytoplasm, were
not removed but were partially dispersed with a fine pipette.
At 8 –15 hours after maturation culture in stimulated
cycles, oocytes that had an evenly granulated cytoplasm but
no visible GV were vitrified. For vitrification at the end of
maturation culture in both stimulated (24 –28 hours) and
unstimulated (48 hours) cycles, only oocytes that had normal
morphology and an extruded first polar body were used.
Oocytes that were vitrified immediately (0 hours) in unstimulated cycles were cultured further for 48 hours in maturation medium after thawing. In stimulated cycles, oocytes
that were vitrified immediately (0 hours) and at 8 –15 hours
after maturation culture were cultured further for 24 –28
547

TABLE 2
In vitro development of oocytes vitrified and thawed at different times after maturation culture to the blastocyst stage.
No. (%) of oocytes developed to
the indicated stage

Source of oocytes

Time of vitrification
(hours after culture)

No. of oocytes
cultured*

Two cell†
(48 h after ICSI)

Blastocyst†
(192 h after ICSI)

0
48
0
8–15
24–28

7 (23)
5 (22)
6 (35)
5 (31)
10 (59)

7 (100)
5 (100)
5 (83)
5 (100)
10 (100)

3 (43)
2 (40)
2 (33)
1 (20)
4 (40)

Unstimulated cycle
Stimulated cycle

* Oocytes developed to the pronuclear stage were cultured up to 192 hours after ICSI.
† Percentage of the number of oocytes cultured.
Chung. Vitrified oocytes. Fertil Steril 2000.

hours and 13–16 hours, respectively, in maturation medium
after thawing. Oocytes that were vitrified and thawed at the
end of maturation culture in both cycles underwent ICSI
immediately.
The maturity of oocytes that were vitrified at different
times after maturation culture was defined by the presence of
fully expanded cumulus cells and a first polar body in the
perivitelline space at the end of maturation culture. Mature
oocytes derived from each experimental group were fertilized in vitro by ICSI using donor’s fresh semen that, in
general, had ⬎90% motility. The oocytes that had a second
polar body and two pronuclei (pronuclear-stage embryos)
subsequently were cocultured on a confluent Vero cell
monolayer (ATCC, Rockville, MD) in 2 mL of culture
medium until 6 days after ICSI. The number of pronuclei in
the cytoplasm was counted to verify normal fertilization of
vitrified oocytes 16 –19 hours after IVF, and cleavage and
development to the blastocyst stage of normal pronuclearstage embryos (with male and female pronuclei) were monitored at 2 days and 6 days after ICSI, respectively. All the
experimental procedures are depicted in Figure 1.

Evaluation of Chromosomal Normality
Chromosome preparation of blastocysts derived from vitrified oocytes was undertaken according to the modified
air-dry technique of Tarkowski (18). Blastocysts were placed
in a microdrop of hypotonic sodium citrate solution (0.9%
vol/vol) on a grease-free slide. Blastocysts were fixed with
25% (vol/vol) acetoethanol. The slides then were dried in air
for an hour and stained with 5% (vol/vol) Giemsa solution.
The chromosomes in the blastocysts were examined under a
Cytovision Karyotyper (Cytovision Ultra; Applied Imaging,
Sunderland, United Kingdom).

Statistical Analysis
The maturation, fertilization, and preimplantation development of vitrified oocytes were analyzed as binomial data
using the generalized linear model procedure (PROC-GLM)
548
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with analysis of variance in the SAS program (19). When
significance of the main effects was detected in each experimental parameter, the treatment effects were compared by
the least-squares method. P⬍.05 was considered statistically significant.

RESULTS
Of a total of 66 unstimulated cycles, oocytes could not be
obtained from 20 cycles because no follicle was present in
the collected ovarian tissue; 1 or 2 oocytes per patient (total,
53 oocytes) were obtained from the rest of the unstimulated
cycles. In the stimulated cycles, 1 oocyte per cycle (total, 50
oocytes) was retrieved from 50 patients. Therefore, a total of
103 oocytes were used for this study.
Of the 53 oocytes that were retrieved from unstimulated
cycles, 30 oocytes were vitrified immediately (0 hours after
culture) and the remaining 23 oocytes were cultured in
maturation medium. Because 16 (70%) of the latter 23
oocytes had expanded cumulus cells and an extruded first
polar body at 48 hours after culture, only these oocytes were
vitrified. Of the 50 oocytes that were retrieved from stimulated cycles, 17 oocytes were vitrified immediately and the
remaining 33 oocytes were cultured further for either 8 –15
hours or 24 –28 hours. Of the 16 oocytes that were cultured
for 8 –15 hours, 14 (88%) had normal morphology with no
GV and were vitrified. Twelve (71%) of the 17 oocytes that
were cultured for 24 –28 hours had expanded cumulus cells
and a first polar body and were vitrified.
Among the oocytes that were obtained from unstimulated
cycles, no statistically significant treatment effect was found
in the number of morphologically normal oocytes after vitrification (56%– 63%; Table 1). Twelve oocytes (40%) that
were vitrified immediately extruded a first polar body after
48 hours of maturation culture. In this group, 37% of the
morphologically normal oocytes developed to the normal
Vol. 73, No. 3, March 2000

FIGURE 2
Morphology and number of chromosomes of a blastocyst
developed from a vitrified oocyte. A distinct inner cell mass
and expanded blastocele are visible (A), and diploid chromosomes consisting of 23 autosomes and sex chromosomes
(XY) are present (B).

after vitrification and thawing. More oocytes were morphologically normal after vitrification at 24 –28 hours (100%) of
maturation culture than after vitrification immediately or at
8 –15 hours of culture (64%– 65%). The maturation rate of
the oocytes that were vitrified immediately or at 8 –15 hours
after maturation culture was 53%– 64%, and no statistically
significant effect was detected. In addition, there was no
statistically significant effect of the treatments on the percentage of vitrified oocytes that developed to the normal
pronuclear stage (55%– 83%).
As shown in Table 2, 32 (97%) of 33 pronuclear-stage
embryos developed from vitrified oocytes cleaved at 48
hours after IVF; this finding was independent of the time of
vitrification and the use of hormonal induction. Blastocyst
formation occurred in 20%– 43% of all vitrified oocytes.
A total of 12 blastocysts derived from oocytes that were
vitrified at different times after maturation culture were
analyzed for their number of chromosomes. As shown in
Table 3, 7 blastocysts were analyzed successfully; 3 were
derived from vitrified oocytes obtained from unstimulated
cycles and 4 from vitrified oocytes obtained from stimulated
cycles. All these blastocysts had a normal number of chromosomes, and the sex ratio was 3:4 (male to female).

DISCUSSION
The results of this study demonstrate that a vitrification
method that includes an EM grid and a short equilibration
process is useful for the cryopreservation of human oocytes
retrieved from both unstimulated and stimulated cycles. This
freezing method can be used for immature and maturing
oocytes as well as mature oocytes. Fifty-six percent to 100%
of the oocytes were morphologically normal when they were
vitrified at different maturational stages, and 37%– 83% of
the morphologically normal oocytes developed to the normal
pronuclear stage after ICSI. Twenty percent to 43% of the
normal pronuclear embryos developed to the blastocyst
stage, and all karyotyped blastocysts had a normal number of
chromosomes (Fig. 2).

Chung. Vitrified oocytes. Fertil Steril 2000.

pronuclear stage at 16 –19 hours after ICSI, whereas 31% of
the oocytes that were vitrified at the end of maturation
culture developed to the pronuclear stage. There was no
statistically significant difference in the number of pronuclear-stage embryos according to the time of vitrification.
Among the oocytes that were obtained from stimulated
cycles, a statistically significant treatment effect (P⬍.0001)
was found in the number of morphologically normal oocytes
FERTILITY & STERILITY威

The vitrification method used in this study is unique in
that it includes an EM grid and a relatively short equilibration process compared with other methods. The EM grid
enhances heat conduction to the oocyte cytoplasm and the
short equilibration procedure helps prevent severe osmotic
damage from high concentrations of the vitrification solution. Given that no development was found in vitrified oocytes stored in 0.25-mL plastic straws in our preliminary
study (data not shown), use of the EM grid with a short
equilibration procedure might improve the postthaw viability
of vitrified oocytes. The high rate of morphologic normality
found in vitrified oocytes (Table 2) suggests that mechanical
damage of oocytes induced by their attachment to the EM
grid is negligible with this vitrification method. Another
advantage of this method is that it is a rapid process and
549

TABLE 3
Detailed data of the karyotyping of the blastocysts derived from the vitrified oocytes.
Results of karyotyping

Source of oocyte
Unstimulated cycle

Stimulated cycle

Patient

Time of vitrification
(hours after culture)

Stage of blastocyst
examined

A
B
B
D
E
F
G
H
I
J
K
L

0
0
0
48
48
0
0
8–15
24–28
24–28
24–28
24–28

Expanded blastocyst
Early blastocyst
Expanded blastocyst
Expanded blastocyst
Hatched blastocyst
Early blastocyst
Expanded blastocyst
Early blastocyst
Expanded blastocyst
Early blastocyst
Hatched blastocyst
Expanded blastocyst

No. of
chromosomes
46, XX
Failed to
46, XY
Failed to
46, XY
46, XX
Failed to
Failed to
46, XX
46, XX
Failed to
46, XY

Chromosomal status

analyze
analyze

analyze
analyze

analyze

Normal
—
Normal
—
Normal
Normal
—
—
Normal
Normal
—
Normal

Chung. Vitrified oocytes. Fertil Steril 2000.

requires less equipment than conventional slow freezing
methods.
The duration of oocyte cryopreservation critically influences the developmental competence of oocytes in various
species (8 –10), and oocytes at the GV stage are more vulnerable to cryoinjury than oocytes at the metaphase I and
metaphase II stages. In our preliminary study (17), GV-stage
oocytes retrieved from stimulated patients reached GV
breakdown metaphase I at 6 –18 hours of maturation culture
and metaphase II at 21–27 hours of culture. In this study, no
critical differences in the postthaw developmental competence of oocytes that were vitrified at different times after
maturation culture were found in stimulated cycles. A similar trend in developmental capacity was found in vitrified
oocytes obtained from unstimulated cycles, except for their
morphologic normality immediately after thawing.
This study represents further progress toward the successful cryopreservation of immature and maturing oocytes with
the use of a vitrification method in both stimulated and
unstimulated cycles. With this approach, blastocyst formation occurred in all groups of vitrified oocytes. Although
only a limited number of oocytes (12–30 in each experimental treatment) were tested in this study, the results suggest
that the vitrification protocol described herein may contribute to the development of assisted reproductive technology
programs for the use of immature, maturing, and mature
oocytes obtained from both unstimulated and stimulated
cycles. Thus, this vitrification method increases the options
available to women with various causes of infertility.
We performed chromosomal analyses to evaluate the
normality of the blastocysts derived from the vitrified oocytes. Although only a limited number of blastocysts developed from vitrified oocytes, all the karyotyped blastocysts
550
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had a normal number of chromosomes. These findings suggest that vitrification is a safer method for maintaining normal chromosome numbers and spindle configuration during
cryopreservation than is slow freezing. However, the structural normality of the blastocysts that developed from the
vitrified oocytes remains unclear because we did not perform
further chromosomal analyses because of the limited number
of blastocysts we evaluated. Future studies will be designed
to confirm the structural normality of oocytes or embryos
after vitrification.
To optimize the vitrification program, we compared different thawing protocols after the completion of this study,
and our findings recently were published (20). All our experiments are aimed at developing an effective cryopreservation system for human oocytes, which has great potential
value in reproductive medicine.
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