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Abstract:  Objective: To investigate the factors that might influence the success of an embryo freezing and
thawing program. Method: The relationship between the pregnancy rate in 73 cycles of embryo freezing and
thawing program and the following factors was analyzed: maternal age, E, level at the time of HCG trigger»
embryo storage time> number of thawed embryos transferred, presence of sponsoring embryos and intact em-
bryos. And the survival rate of thawed embryos with different morphology, cell stage and storage time was e-
valuated. Result: Transfer with three or more than three thawed embryos resulted in pregnancy rates of
38.5% and 35.7% » respectively, compared with 5.3 % for transfer of fewer than three embryos. The pres-
ence of sponsoring embryos and intact embryos significantly increases pregnancy rate in embryo freezing and
thawing program. No other factor examined had any effect on pregnancy outcome. The survival rate of good
morphology embryos was higher than poor ones, but was not influenced by cell stage and storage time. Con-
clusion: Embryo morphology before freezing, number of thawed embryos transferred and the presence of intact

embryos are important to the outcome of embryo freezing and thawing program.

Key words: Embryo freezing and thawing, Embryo morphology, Pregnancy rate; Embryo survival rate

Document code: A

INTRODUCTION

The cryopreservation of human embryos pro-
vides many clinical benefits, including an increase
in the number of pregnancies per stimulation and
retrieval cycle, reduction in the risk of multiple
pregnancies and the avoidance of ovarian hyper-
stimulation syndrome (OHSS) in high-risk set-
tings. To optimize the cryopreservation tech-
niques and clinical management, several factors
related to a freeze-thaw cycle were examined in
this study to determine which factor weighs most
heavily on the establishment of pregnancy.
These factors include patient ages embryo quality
at the time of freezing, cell stage of embryos,
storage time of embryo, number of embryos re-
placed, intactness of embryos, E, level at the
time of HCG trigger in the original cycle.

MATERIALS AND SUBJECTS

Patients and treatment
From March 1998 until July 2000, a total

CLC number: R 321 —33

73 out of 77 thawing cycles were completed with
embryo replacement. The mean age of patients
was 30.4 (24 —38) years.

Patient preparation, oocyte retrieval, sperm
preparation, in vitro insemination, embryo cul-
ture and replacement were performed according

to published protocols (Jin et al. » 1998).
Embryo cryopreservation policy

Two days after insemination, the embryos
were evaluated by an experienced embryologist
and graded as follows (Kalstrom et al. » 1997):
grade | = even blastomeres without any frag-
mentation; grade || = blastomeres of equal or
unequal size and minor ( <25% of blastomeres
volume) cytoplasmic fragmentation; grade Il =
blastomeres of equal or unequal size and medium
cytoplamic fragmentation (25 — 50% of blas-
tomere volume); grade [V = blastomeres of un-
equal size and major cytoplasmic fragmentation
(>50% of blastomere volume). Grade | and
grade [I were defined as good morphology em-
bryos, grade Il and grade [V were poor morphol-
ogy embryos. We cryopreserved only grade [, 1l
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and Il embryos with the permission of patients.
A sponsoring embryo was defined as one having
grade | or [l appearance, with two to six blas-

tomeres in a two day embryo( Lightman et al. »
1997).

Freezing and thawing procedures

Embryo freezing and thawing were per-
formed according tc methods described by Tes-
tart et al (1987). Briefly, embryos were ex-
posed to a gradient of propanediol in PBS, and
then loaded into straws and frozen in a Planer
programmable freezer. Patients returned for em-
bryo thawing 1 — 25 months later.

Thawing of embryos was done by holding
the straw in air and immersing it into a 30C
water bath for 40 seconds sequentially. The em-
bryos were then exposed to a series of solutions
with decreasing propanedial concentration. At
the completion of thawing, each embryo was ex-
amined with inverted microscopy. The surviving
embryos contained at least 50% of their initial
blastomeres after freezing and thawing. Embryos
were replaced after at least two hours of culture.
The mean number of embryos transferred per cy-
cle was 3.2(1 —5).

Twwo different regimens were used to prepare
recipients for frozen ET (embryo transfer).
Normoovulatory women frequently underwent
ET in a spontanecus cycle; Oligoovulatory wom-
en and donor ococyte recipients generally under-
went ET in hormone replacement therapy

(HRT cycles.
Pregnancy factors and statistical analysis

Six factors were analyzed for their influences
on the overall pregnancy rate (PR): patient age
at the time of freezing, embryo quality at the
time of freezing (presence or absence of sponsor-
ing embryos), E, level at the time of HCG trig-
ger in the original cycle, intactness of post thaw
embryos; number of embryos replaced and the
storage time of embryos.

Quantitative 8-HCG assay was performed 12
to 14 days after ET, and a transvaginal ultra-
sound examination was performed 4 — 5 weeks
after ET to assess fetal viability. Clinical preg-
nancy was defined as the presence of an gesta-
tional sac on ultrasound examination.

%2 statistical analysis was used to analyze the

data for significance. A comparison was consid-

ered significantly different when P<<0.05.

RESULTS

Of 77 frozen-thaw cycles, 73 resulted in
transfer. The overall pregnancy rate was 28. 8%
(21/73) per transfer. The clinical pregnancy
rate was 24. 7% (20/73) per completed cycle.
Six patients with positive fetal heartbeat miscar-
ried; 2 patients’ cases were diagnosed as ectopic
pregnancy; 11 patients delivered healthy infants.
The incidence of birth per cycle was 15.1%(11/
733 306 embryos were thawed in the 77 cycless
230 embryos survived the procedure. The overall
survival rate was 75.2% .

Differences between the pregnant and non-
pregnant groups on the aspects of patient age at
the time of freezing, E, level at the time of HCG
trigger in the original cycles embryo storage
time>» were found to be statistically insignificant
(‘Table 1.

In this study> 38.5% (10/26) of the pa-
tients who received up to three embryos con-
ceived. When more than 3 embryos were re-
placeds the PR was 35. 7% (10/28; NS).
However, when 1 or 2 embryos were replaceds
the PR was 5. 8% (1/19), which was signifi-
cantly lower ( P <<0.01) than that when 3 or
more than 3 embryos were replaced.

Significant difference was found between the
pregnant and nonpregnant groups with regard to
both embryo quality and intactness of thawed
embryos. Eighteen of 45 patients who received
at least one sponsoring embryo conceived, yield-
ing a success rate of 40% , whereas only 3 of 28
patients who did not have a sponsoring embryo
conceived (10.7% , P<0.01). Nineteen of 54
patients who received at least one embryo with
all blastomeres intact became pregnant (success
rate of 35.2%). Only 2 of 19 patients who
transferred all damaged embryos achieved a preg-
nancy (P<<0.05).

No appreciable difference in the survival rate
was observed with regard to the storage time and
embryo developmental stage (Table 2). The
morphology of the embryo prior to freezing was
related to embryo survival. Of 229 good mor-
phology embryocs, 81.7% survived after thaw-
ing> while only 55.8% of 77 poor morphology
embryos survived after thawing.
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Table 1 Relevance of different factors to thaw cycle success
Variable Pregnant Not Pregnant PR (%) P
Patient age <35 16 44 26.7 >0.05
Patient age =35 5 8 38.5
Number of embryos replaced <3 18 5.3 <0.05
Number of embryos replaced =3 10 16 38.5
Number of embryos replaced >3 10 18 35.7 >0.05
E; level <14000Cpmol/ L 8 25 24.2 >0.05
E, level —=14000Cpmol/ 1D 8 24 25.0
Embryo storage time <6 months 8 28 22.2 >0.05
Embryo storage time —=6 months 13 28 31.7
Sponsoring embryo present 18 27 40.0 <0.01
Sponsoring embryo absent 3 25 10.7
Intact embryo present 19 35 35.2 <0.05
Intact embryo absent 2 17 10.5
Table 2 Comparison of embryo survival rate
Survival rate P

Good morphology embryos before freezing 81.7% (187/229) <0.01

Poor morphology embryos before freezing 55.8% (43/77)

—4-cell embryos before freezing 73.7% (160/217) >0.05

<4-cell embryos before freezing 78.7% (70/89)

Embryo storage time==6 months 73.29%(104/142) >0.05

Embryo storage time<<6 months

76.8% (126/164)

DISCUSSION

The average number of embryos per stimu-
lated cycle increased due to ovarian stimulation
protocol using gonadotropin-releasing hormone
agonist ( GnRHa) and improved culture tech-
niques. Embryo freezing permits replacement of
a more optimal number of embryos and may
avoid ovarian hypersimulation syndrome in high-
risk settings by freezing all the embryos
(Queenan et al. » 1997). The pregnancy rate of
24.7% in our study obtained is similar to the
rate of fresh embryo transfer. Cryopreservation
not only increases the number of E'ls and hence
the pregnancies per stimulation cycle but also de-
creases the expense and necessity for additional
stimulation and retrieval cycles.

Embryo quality is important to the success of
in vitro fertilization-embryo transfer (IVF-ET).
Embryo morphology and developmental stage are
two parameters related to embryo quality. The
fact that the survival rate of good morphology

embryos was higher (81.7% ) than poor mor-
phology ones (55. 8% ) suggested poor-quality
embryos are more likely to be damaged during
the cryopreservation process. As to the develop-
mental stage ( <4cell versus =4cell stage)> no
difference of survival rate was found. It was clear
that the morphology, not cell stage, is important
in considering which embryos should be frozen.
The pregnancy rate is also affected by embryo
quality. We found that the presence of sponsor-
ing embryo in a batch of thawed embryos signifi-
cantly increased pregnancy rate> which corrobo-
rate the previous report (Ziebe et al., 1997).
We suggest the optimal strategy is to include at
least one sponsoring embryc in each batch when
possible.

Generally, thawed embryos that keep at least
50% of their initial blastomeres are considered to
have chances for survival ( Kalstrom et al.,
1997). Some early studies revealed that the em-
bryonic cell survival rate did not affect the ability
of a surviving embryo to implant (Tastart et al. »
1987). But our study showed that the pregnancy
rate was 35.2% when at least one embryo sur-
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vived with all blastomeres intacts but was only
10.5% when no embryo survived with all blas-
tomeres intact. This result indicated that the de-
velopmental potential was impaired due to dimin-
ished embryonic viability, or the inhibitory effect
of the damaged blastomeres. Evidence support-
ing this hypothesis has been provided by experi-
ments with a mouse model. In these experi-
mentss 3/4 and 1/2 embryos were created by
micromanipulative mechanical destruction. These
embryos generally retained the ability to progress
to the blastocyst stage but were significantly im-
paired in both hatching and implantation capabil-
ity (Gordon et al.» 1993). Other researches
suggested that intact thawed embryocs have the
same implantation potential as equivalent fresh
embryos and that the impact of cryopreservation
is limited to blastomere loss directly relating to
loss of implantation potential ( Edgar et al. >
2000). The intact thawed embryos can be re-
garded as one of the prognostic factors for the
outcome of freezing thaw embryo replacement.

Generally, there is a positive relationship be-
tween the pregnancy rate of embryo replacement
and the number of embryos transferred. But too
many embryos transferred will increase the risk
of multiple pregnancies. In this study: the likeli-
hood of a pregnancy from transferring of three
embryos was the same as that of more than three
embryos. Thus, the number of embryo frozen
and replaced can be reduced when good quality
embryos are utilized.

Previous studies also showed that age is im-
portant for the pregnancy rate of both fresh cy-
cles and cryopreservation cycles. In this study.
the pregnancy rate was not influenced by in-
creased age (Z==35). This is most likely related
to the fact that the patients were relatively
young. It was shown that the pregnancy rate of
IVE dropped rapidly in patients aged over 40 and
that the reproductive ability started to decline in
age 35 — 40 patients (Schalkoff et al.» 1993).
The patients in this study aged 25 to 38, with
majority of them below 35 (82% ).

High level of E, in the original cycle at the
time of HCG trigger is one of the high risk fac-
tors for ovarian hyperstimulation syndrome. The
fact that the high level of E, was not found to
adversely affect the pregnancy rate provides sup-
port for freezing of all embryos to avoid ovarian

hyperstimulation syndrome and replacing the em-
bryos in unstimulated cycles.

It was reported that loss of embryonic cells
increased with increasing duration of frozen em-
bryo storage (Tastart et al.» 1987), although
other studies showed that longer storage (1 —2
years) of human embryos did not lower the PR
(Kalstrom et al. » 1997). Our result was consis-
tent with the latter one. This finding offers pa-
tients the convenience of waiting for a reasonable
time after stimulated treatment to undergo a sub-
sequent thaw cycle. However, much longer stor-
age time should be avoided because of the possible
deletericus effect of the cryoprotectant and the
cryopreservation procedure.
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