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The present study compares the culture of human embryos using two different culture
systems: a conventional culture incubator with humidified atmospheric air supplemented
with 5% CO2 and a closed culture incubator with a humidified 5% O2 and 5% (5.2–5.5)
CO2 and 90% N2 partial pressure.

A total of 225 cryopreserved embryos were donated after informed consent and thawed
in two batches of 100 and 125 embryos separated by 1 week. A total of 126 (56%) embryos
survived the thawing procedure having at least one living blastomere. After thawing, the
embryos were randomly allocated to culture in a 5% oxygen partial pressure (n¼ 65) or to
culture in a 20% oxygen partial pressure (n¼ 61). The embryos were hereafter cultured for
4 days and the number of embryos developed to morula stage or blastocyst stage was
examined.

The results of the embryo culture in the two trials performed showed an increase from
43% to 68% (19 to 68%) morula formation in trial 1 (trial 2), i.e. on the whole the morula
yield more than doubled in favor of culture in a 5% oxygen partial pressure compared with
a 20% oxygen partial pressure.
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The fertilization and early embryo development in
vivo in many species such as the rabbit, the ham-
ster, and the monkey are known to take place in a
low-oxygen environment compared with ambient
atmosphere. The oxygen tensions in each species is
much less than half of the atmospheric oxygen
partial pressure, ranging from high values of
about 60 mmHg (8.7% O2) in the rabbit oviduct,
rabbit and hamster uterus to as low as 11 mmHg
(1.5% O2) in the monkey uterus (1). Previous
studies of the effect of low-oxygen tension during
mammalian embryo culture have provided con-
flicting results. While some studies found a bene-

ficial effect of a low-oxygen tension, increased
blastulation rate in mouse embryos (2), a high
blastulation rate in humans (3), and significant
improvement of clinical pregnancies per transfer
and implantation rate in humans (4), others found
no significant differences when comparing the cul-
ture of mouse and humans embryos for the first
2 days of development in 20% and 5% oxygen
partial pressure (5); in humans, a slightly improved
preimplantation embryonic viability was shown,
but no significantly higher pregnancy rate was
found (6). However, at the moment, there seems
to be a consensus that low-oxygen culture environ-
ment at a partial pressure at 5% is beneficial for
culturing mammalian embryos. This has been
demonstrated in mice embryo culture (7,8) and in
bovine embryo culture (9).

Abbreviations:
IVF: in vitro fertilization; ICSI: intracellular sperm injection;
CES: cumulative embryo score.
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To our knowledge, no studies have been pub-
lished on the exact oxygen tension in the human
oviduct, but an estimated value that corresponds
to the venous oxygen tension at 5% has been sug-
gested. In addition, no studies on in vitro culture of
human embryos in a closed incubator system pro-
viding a rigorous control of temperature, oxygen,
and carbon dioxide have been published. The aim
of this present study is to compare two culture
systems, a conventional culture in atmospheric air
supplemented with 5% CO2 and a closed culture
incubator with 5% O2, 5% (5.2–5.5) CO2, and 90%
N2, both in humidified atmosphere.

Material

The embryo source consisted of surplus embryos from IVF/
ICSI treatment suitable for cryopreservation according to
the cumulative embryo score (CES) (10) with the embryo
score of 2.0 and 2.1 prior to cryopreservation. In short, CES
is an internationally accepted quality assessment for human
embryos. The embryos had all prior to cryopreservation
been cultured for 2 days in humidified air with 5% CO2

added. When donated, the embryos had been cryopreserved
for 2 years and during that time stored in liquid nitrogen.
According to Danish law, cryopreserved embryos are not
allowed to be stored for more than 2 years.

A total of 225 cryopreserved embryos destined for destruc-
tion were donated with informed consent from patients treated
for infertility at the Fertility Clinic at Herlev Hospital in Herlev
and The Peter Lundstrom Clinic in Ballerup, Denmark.

Embryos surviving the freeze-thaw procedure with at least
one intact blastomere were randomly allocated into two
culture systems, 5% O2, 5% (5.2–5.5) CO2, and 90% N2 or
atmospheric air with 5% CO2 supplementation, both at
37.4 �C.

Method

Freezing technique

The embryos were cryopreserved using the propanediol
protocol as described by Testart and coworkers (11) and
the Embryo Freezing Pack from Medicult. The embryos
were frozen in 0.25-ml straws in a CryoLogic Freeze
Control1, model Cl-863. In brief, the freezing procedure
started at room temperature to �7 �C in steps of 2 �C per
minute. The straw was hereafter manually seeded and sub-
sequently cooled from �7 �C to �30 �C in steps of 0.3 �C per
min. From �30 �C to �190 �C, the straws were cooled in
steps of 50 �C per min and they were transferred to liquid
nitrogen and afterwards stored at �196 �C until use.

Thawing technique

The cryopreserved embryos were thawed in batches of 100
and 125 embryos separated by 1 week. The straws were
thawed according to the propanediol protocol (11) using
the Embryo Thawing Pack from Medicult. In short, one
straw at a time was removed from the liquid nitrogen and
kept at room temperature for 30–60 s. The embryos in the
straw were hereafter going through a four-step thawing
protocol to remove the cryoprotectant. The embryos were
hereafter placed in a preincubated NuncTM four-well dish in
50ml BlastAssist1 System medium 2 covered with 500ml
Liquid Paraffin, Medicult. The culture system is a sequential

media set up, as this has been shown to optimize human
embryo development better than nonsequential media.

Culture conditions

The low-oxygen cultures were performed in a closed culture
system in an adjustable anaerobic-microaerophilic worksta-
tion equipped with a Wild Stereo Microscope connected to a
camera inside the workstation and a monitor outside the
workstation. Access to the closed incubator took place by
cuff-sleeves where the atmospheric air in the sleeves was
removed by vacuum and replaced with N2 gas before the
inner door was opened. A B&K Medical Anesthetic Gas
Monitor type 1304 was used to monitor the gas tensions
inside the culture incubator.

The culture in atmospheric air supplemented with 5% CO2

was performed in a Forma Scientific Water Jacked Incuba-
tor. These embryos were for a very short period removed to
the outside daily for microscopic evaluation at a Wild Stereo
Microscope M8.

All embryos were cultured for 4 days in 50ml of Blast-
Assist1 System medium 2 covered with 500ml of Liquid
Paraffin, Medicult. The BlastAssist1System medium 2 from
Medicult comprises of MgSO4, NaCl, NaH2PO4, K2SO4,
glucose, pyruvate, lactic acid, L-glutamine, sodium bicarbonate,
essential amino acids, nonessential amino acids, synthetic
serum replacement, human serum albumin, penicillin
25.000 IU/l, streptomycin 25 mg/l, and phenol red.

The embryos were evaluated daily during culture. After 2
days of culture, the embryos were transferred to fresh incu-
bated media, 50ml of BlastAssist1 System medium 2 covered
with 500ml of Liquid Paraffin, Medicult.

After culture for 4 days, the numbers of morulae and
blastocysts in each group were noted. A morula was defined
as an embryo exhibiting compaction, i.e. loss of cell boundaries
viewed by light microscopy and early blastocyst possessing
compaction and a developing blastocoel.

Results

A total of 225 embryos were thawed in two trials
(Table I), and 125 embryos survived the thawing
procedure as indicated by the presence of at least
one living blastomere. These were randomly allo-
cated to culture in 5% oxygen partial pressure
(n¼ 65) and culture in 20% oxygen partial pres-
sure (n¼ 61). The number of living blastomeres
before culture did not differ between the groups
(Table II).

The results of the embryo culture in the two trials
performed showed an increase from 43% to 68%
(19 to 68%) morula formation in trial 1 (trial 2),
i.e. on the whole the morula yield more than
doubled. The odds ratio defined in the Table III
is 4.7 (2.2; 10.0) (P< 0.001) in favor of culture in
5% oxygen partial pressure environment.

Discussion

This present study demonstrates that culturing
human embryos in a 5% oxygen partial pressure
enhances the development of thawed embryos
from the 1–4 cell stage and to the morula and
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blastocyst stage after 4 days of culture compared
with culture in a 20% oxygen partial pressure.

The potential favorable effect of low-oxygen
tension on developmental competence of human
embryos found in the present study is in accord-
ance with previous studies on mammalian
embryos where lowering the oxygen partial pres-
sure had a beneficial effect on the embryo devel-
opment (2–4). The result also supports the
findings by Houghton and coworkers (12), who
demonstrated that mammal embryos at this
developmental stage primarily have a lactate
metabolism and an energy turnover based on
low oxygen consumption.

It must, however, be noted that the two culture
systems used to culture the embryos are funda-
mentally different. Apart from the differences in
the oxygen partial pressure, the low-oxygen cul-
ture condition offers a constant gas partial

pressure and temperature environment. The con-
ventional culture incubator offers a 5% CO2 par-
tial pressure, but not a constant gas partial
pressure during the entire culture period. The
embryos are taken outside daily to be examined
in the microscope. One may speculate whether
the impact of the fluctuations in the surrounding
CO2 and O2 and indirectly the pH value in the
culture medium and the fluctuation of the tem-
perature during the evaluation outside might
influence the result in having a negative impact
in the development of the embryos in the conven-
tional culture group.

Consequently, these findings might be benefi-
cial for the clinical outcome in human IVF,
although further clinical studies are needed.

Ethics

The Local Ethics Committee of the County of
Copenhagen (KA 92313 m) approved the study.
All couples donated their surplus outdated
embryos after written consent.

Statistics

The statistics was calculated using the DIGRAM

program. The Mantel–Haenszel odds ratio for
developing at least to the morula stage was
calculated to be 4.7 (2.2; 10.0).

When evaluating the ability of the embryos to
develop to the blastocyst stage versus just to the
to the morula stage versus not developing (i.e.
with outcome on a three-step scale), the gamma
coefficient comparing low-oxygen and high-
oxygen conditions was þ0.45 for trial 1, þ0.56
for trial 2 and 0.51 in a combined stratified ana-
lysis of the two trials (SE¼ 0.12, p< 0.001); the
þ sign is in favor of low-oxygen culture.
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