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Abstract
Purpose To evaluate the effect of different exposure temper-
atures during the dilution process on the survival rate of vitri-
fied oocytes and following development.
Methods Patients were divided at random into two groups for
different dilution temperature (20–22 °C, RT group; 37 °C,
37 °C group) according to computer-generated random num-
bers on the day of oocyte warming. The survival and fertili-
zation rates of vitrified oocytes as well as the implantation and
clinical pregnancy rates of the resulting embryos were
recorded.
Results A total of 662 and 676 oocytes were warmed in the
37 °C group and RT group, respectively, and significant

difference was observed in the survival rate between 37 °C
group (88.37 %) and RT group (79.88 %) (P=0.0000). There
was significant difference between the survival rate of 37
°Cgroup (87.27 %) and RT group (75.64 %) in nondonor
patients (P=0.0001). Multiple linear regression analysis
showed that dilution temperature (β=0.079, P=0.017) and
clinical outcomes of fresh cycles (β=0.063, P=0.001) were
significantly and independently associated with survival rate.
No significant difference was found between the 37 °C group
and RT group in: fertilization rate (66.67 versus 65.37 %),
implantation rate (20.0 versus19.46 %), clinical pregnancy
rate (37.5 versus 35.0 %).
Conclusions In conclusion, the results of this study give sup-
portive evidence of the application of 37 °C in the dilution
process, especially for oocytes of poor quality. Further studies
with well-controlled experimental groups are needed to opti-
mize protocols for human oocyte vitrification.
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Introduction

Oocyte cryopreservation has become an integral part of rou-
tine IVF procedure in recent years [1]. It provides flexibility in
clinical scenarios such as the unavailability of sperm at the
time of oocyte retrieval, oocyte donation programs, poor re-
sponders, cancer patients and surplus oocyte storage after con-
trolled ovarian stimulation as a supplement to embryo cryo-
preservation. The clinical applications of oocyte cryopreser-
vation are due mainly to the significant advances in
implementing vitrification at ultra-rapid cooling rates in oo-
cyte cryopreservation [2]. However, consistent results have
not been achieved across different groups. The available
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literature suggests that rates of vitrified donor oocytes are 92.5
to 96.9 % and 55.45 to 65.2 %, respectively [1, 3, 4]. In a
meta-analysis of vitrified autologous (non-donor) oocytes, the
survival rates ranged from 68.6 to 89.7 %, and the clinical
pregnancy rates ranged from 10 to 43.3 % [5]. Oocyte quality
is one of the major factors affecting the outcome of oocyte
vitrification, which can be due to variations in female age,
ovarian stimulation protocols and infertility factor.
Therefore, it is essential to optimize vitrification protocols
tailored to different infertile patient groups.

Oocyte vitrification uses high concentrations of cryopro-
tective agents (CPAs) to avoid intracellular crystal formation
[6]. However, the high concentration of CPAs in these vitrifi-
cation solutions increase the risk of cell damage by the elevat-
ed toxic effect as well as osmotic stress. Both the cytotoxicity
and osmotic stress are influenced by temperature, which is not
being employed consistently in various protocols used by dif-
ferent groups. For example, the first live birth from vitrified
human oocytes was conducted at a physiological temperature
(37 °C) for the entire procedure including equilibration, vitri-
fication, warming and dilution steps [7]. The concern regard-
ing the potentially increased cytotoxicity of high concentra-
tions of CPAs at physiological temperature has resulted in
modified protocols employing lower, non-physiological tem-
peratures during equilibration, vitrification and rehydration
processes with variable success [8–11]. The theory that low-
ering the temperature during exposure to CPAs reduces cyto-
toxicity is somewhat misleading, since these protocols typi-
cally require longer incubation periods to allow permeation of
CPAs and adequate dehydration. The temperature at which the
cells are exposed to CPA solutions might have different os-
motic and toxic consequences on cryosurvival and subsequent
development, due to temperature-dependent hydraulic con-
ductivity and CPA permeability; therefore, the general consen-
sus is to carry out warming at 37C. The subsequent serial
dilutions are then either conducted at RT [9–13] or at 37 °C
[7, 14–17].

The quality of oocytes varied due to differences in
patient ages, ovary stimulation regimes and infertility fac-
tors. Since oocyte quality has a significant effect on
cryosurvival and subsequent development, optimized pro-
tocols tailored to different patients may be advantageous.
In this study, we aimed to compare the effect of different
temperatures during rehydration on the cryosurvival and
subsequent development of vitrified oocytes from infertile
patients undergoing in vitro fertilization (IVF)-embryo
transfer (ET) cycles. The hypothesis of this study was that
rehydration at physiological temperature would improve
cryosurvival of oocytes and their subsequent development
as compared to rehydration at room temperature. The sur-
vival and fertilization rates, as well as implantation and
clinical pregnancy rates, of the resulting embryos were
compared.

Materials and methods

All chemicals were obtained from Vitrolife (Sweden) compa-
ny unless otherwise indicated.

Source of oocytes

An institutional review board at Shandong Provincial Hospital
approved this clinical application of oocyte vitrification.
Patients with more than 20 oocytes retrieved were given the
option to vitrify their supernumerary oocytes for future use.
Some patients chose oocytes vitrification because of unavail-
ability of sperm at the time of oocyte retrieval. We estimate
that at least 324 oocytes per group would be required to show
a 10 % difference in fertilization rate between the two groups,
assuming a statistical power of 80 % at an alpha level of 0.05.
All of the patients gave their written informed consents. The
participants were blinded to the protocol used.

Donor oocytes were from patients who volunteered to do-
nate their surplus cryopreserved oocytes. The patients were
screened by trained personnel using a detailed questionnaire
about patient’s medical history and their family medical his-
tory, coupled with a pertinent physical examination, chromo-
somal analysis and serum virus detection.

Nondonor oocytes were from patients who failed to have a
live birth with their fresh IVF-ET and frozen embryo transfer
(FET) cycles and returned for ET using embryos generated
from their vitrified-warmed oocytes (Table 1).

Oocyte vitrification and warming

Mature oocytes were equilibrated in equilibration medium
(Medicult, Jyllinge, Denmark) containing 7.5 % (v/v) ethyl-
ene glycol (EG) and 7.5 % (v/v) 1,2-propanediol (PROH) for
5 min at room temperature, and then transferred to vitrification
medium (Medicult) containing 15 % (v/v) EG, 15 % (v/v)
PROH and 0.5 M sucrose at room temperature for 45 to
60 s. Oocytes in a group of 2–3 were then loaded on
Cryoloop, and plunged immediately into liquid nitrogen
(LN2) for storage [8]. Warming of oocytes were conducted
by direct immersion of Cryoloop into warming medium
(Medicult) containing 1.0 M sucrose for 1 min at 37 °C.
Oocytes from donors or nondonors were then randomly
assigned into two treatment groups using a computer-
generated randomization model for rehydration. Specifically,
oocytes were randomly transferred into diluent medium-I
(Medicult) containing 0.5 M sucrose for 3 min and then into
diluent medium-II (Medicult) containing 0.25 M sucrose for
3 min at two different temperatures (20–22 °C, RT group;
37 °C, 37 °C group). All diluting solutions at 37 °C were
covered with mineral oil pre-heated to 37 °C to prevent evap-
oration. Oocytes were then washed twice in washing medium
(Medicult) for 3 min each at 37 °C for both groups. Oocytes
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with intact zona pellucida and plasma membrane were con-
sidered to be viable and were cultured at 37 °C in 5 % CO2 in
air for 2–3 h before fertilization by intracytoplasmic sperm
injection (ICSI).

Intracytoplasmic sperm injection, embryo culture,
and embryo transfer

All viable oocytes were inseminated by ICSI (Day 0).
Fertilization was evaluated 16–18 h after ICSI and embryos
with two pronuclei were regarded as normal fertilized embry-
os (Day 1). Embryos were graded on Day 2 and 3 by the
number and size of blastomeres. Embryos with 3–5 blasto-
meres of uniform size on Day 2 (40–42 h after injection)
and more than 7 blastomeres of uniform size on Day 3 (64–
66 h after injection) were regarded as normal developing em-
bryos. Embryos were classified as high quality embryos when
there were more than 7 blastomeres and less than 20 % frag-
ments on Day 3. Embryo transfer was carried out on Day 2 or
Day 3 depending on embryo quality or quantity. Nomore than
3 embryos were transferred per patient per transfer. The su-
pernumerary high quality embryos were then vitrified for fu-
ture use.

Endometrial preparation

The endometrium was prepared using 4 mg of oral
oestradiol supplementation (oestradiol valerate) daily for
5 days starting on day 2–3 of the menstrual cycle, and
then followed by 6 mg oral oestradiol for an additional
5 days. Serum oestradiol levels and the endometrial thick-
ness were measured. If endometrial thickness was no
more than 7 mm at this time, the dose of oestradiol was
increased to 8 mg for an additional 4–5 days. Daily injec-
tion of progesterone (60 mg/day) was initiated on the day
of oocyte warming.

Pregnancy assessment

Biochemical pregnancies were assessed 14 days after embryo
transfer by measuring the levels of hCG-beta subunit in blood.
Clinical pregnancies were detected with the confirmation of
gestational sacs by transvaginal sonography. Progesterone
supplementation was continued until the 12th week of preg-
nancy. Obstetric and perinatal outcomes, as well as incidence
of congenital malformations, were measured.

Statistical analysis

The difference in means and prevalence among the groups
were analyzed by Student’s t-test for continuous data and
Chi square for categorical data. The relationship between
age, donor/nondonor, number of collected oocytes, clinical
outcomes of fresh cycles and dilution temperature (as inde-
pendent variables) and survival rate (as dependent variables)
were analyzed using stepwise linear regression analysis. A p
value <0.05 was considered statistically significant.

Results

Fresh cycle characteristics of donors and nondonors

Seventy-two patients (nondonors) who failed to have a live
birth with their fresh IVF-ET and FET cycles returned for ET
using their vitrified-warmed oocytes. Most of these patients
had poor laboratory and clinical outcomes because of fertili-
zation failure, poor embryo quality or low endometrial recep-
tivity. The fertilization rates were 55.74 and 52.31 % in pa-
tients assigned to the 37C group and RT group, respectively.
Sixty-nine patients (donors) donated their vitrified oocytes,
and most of them donated after their clinical pregnancy or
healthy live birth delivery (Table 1). Sixty nine recipients
ranging from 25 to 50 years old (the mean age was 37.1±
7.47 years) accepted donated vitrified oocytes.

Table 1 Patients’ characteristics of oocytes-retrieval-cycles and laboratory, clinical outcomes of fresh oocytes

Fresh Cycles group 37 °C
(nondonor)

group RT
(nondonor)

group 37 °C
(donor)

group RT
(donor)

P value

No. of patients 35 37 35 34 –

Age(±SD) 30.17±3.85 29.89±3.73 28.37±3.46 28.50±3.61 0.7549 0.8791

No. of MII oocytes retrivaled 25.46±8.26 22.08±8.46 30.26±11.68 30.76±9.65 0.0910 0.8471

No. of patients freezing for supernumerary oocytes 23 23 32 32 –

No. of patients freezing for unavailability of sperm 9 12 0 0 –

No. of MII oocytes fresh fertilized 470(18.80±3.50) 455(16.85±5.90) – – 0.0948 –

Normal Fertilization (2PN) rates(%) 262(55.74) 238(52.31) – – 0.2943 –

Clinical pregnancy cycles(%) 4(11.43) 2(5.41) 22(62.86) 21(61.76) 0.4230 0.9254

Live birth cycles 0 0 17(48.57) 20(58.82) – 0.3932
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Survival, fertilization, and subsequent development
of vitrified human oocytes

A total of 662 (330 nondonor oocytes and 332 donor oocytes)
and 676 (349 nondonor oocytes and 327 donor oocytes) oo-
cytes were warmed in the 37 °C group and RT group respec-
tively (Table 2). Significant difference (P=0.0000) was ob-
served in the survival rates between 37 °C group (88.37 %)
and RT group (79.88 %) in all oocytes examined. By compar-
ing the survival rates within a patient group, the results
showed that there was significant difference (P=0.0001) in
survival rates between 37 °C group (87.27 %) and RT group
(75.64 %) in nondonor patients, while no significant differ-
ence (P=0.0541) was found between the two groups (89.46
versus 84.40 %) in donor patients. No significant differences
were found between the 37 °C group and RT group in fertil-
ization rates (66.67 versus 65.37 %), implantation rates (20.0
versus 19.46 %), and clinical pregnancy rates (37.5 versus
35.0 %).

Stepwise multiple linear regression analysis

Multiple linear regression analysis showed that dilution tem-
perature (β=0.079, P=0.017) and clinical outcomes of fresh
cycles (β=0.063, P=0.001) were significantly and indepen-
dently associated with survival rates (Table 3). The regression
equation is: survival rate=0.685+0.079 (dilution tempera-
ture)+0.063 (clinical outcomes of fresh cycles).

Discussion

The present study investigated the effect of different rehydra-
tion temperatures (37 °C vs. RT) on the survival, fertilization
and subsequent development of vitrified-warmed oocytes.
Our results demonstrated that there was significant difference
in survival rate between the 37 °C group and RT group (P=
0.0000). The multiple linear regression analysis also con-
firmed that dilution temperatures (β=0.079, P=0.017) were
significantly and independently associated with survival rates.
Specifically, there was significant difference between 37 °C
group (87.27%) and RT group (75.64%) in nondonor patients

(P=0.0001), while an improved trend of survival but no sig-
nificant difference was observed between the two groups
(89.46 versus 84.40 %) in donor patients (P=0.0541).

Because of the temperature-dependent nature of hydraulic
conductivity and CPA permeability, the levels of osmotic
stress and toxicity on an oocyte’s survival will depend on
the temperatures at which they are exposed to cryopreserva-
tion as well as rehydration solutions. It is difficult to reach the
optimal balance between reducing CPAs toxicity and raising
hydraulic conductivity/CPAs permeability. It is generally ac-
cepted that exposure to cryopreservation and rehydration so-
lutions at lower temperature will reduce the toxicity of CPAs
[18]. However, exposure to anisosmotic solutions at lower
temperature has been confirmed to result in larger cell volume
change in oocytes because of relatively lower hydraulic
conductivity/CPAs permeability [19], and consequently im-
pair survival and subsequent developmental potential [20].
On the other hand, warming and rehydration at higher tem-
perature, such as physiological temperature, may be beneficial
to oocyte survival and subsequent development due to in-
creased permeability of CPAs and, consequently, reduced ex-
posure time of oocytes to high concentration of CPAs [21].

In this experiment, warming was conducted by direct im-
mersion of vitrified oocytes into warming solution (1.0 M
sucrose solution) for 1–2 min at 37 °C right after they were
taken out of LN2. At physiological temperature, intracellular
CPAs diffuse quickly out of oocytes during this short period of
time [20]. Therefore, in dilution steps, there will be little CPAs
remaining in the oocyte cytoplasm or in the surrounding so-
lutions. At this moment, the CPAs toxicity should no longer be
the crucial problem and a higher hydraulic conductivity at
higher temperature might be more beneficial to oocyte surviv-
al. This may account for the improved survival rate in the
37 °C group in our study. This slight adjustment may help
the oocytes avoid possible injury from temperature and os-
motic pressure fluctuations. The adjustment may be especially
beneficial to oocytes with poor quality, i.e., the nondonor oo-
cytes, where survival was significantly increased when
rehydrated at 37 °C in the study.

The metaphase spindle in mature oocytes are very sensitive
to temperature changes [22]. There are several reports detail-
ing the disappearance and eventual reappearance (normally
within 3 h) of the oocyte meiotic spindle during cryopreser-
vation [23–25]. Larman et al. found that, by carrying out the
entire vitrification and warming procedures at 37 °C, the spin-
dle was unaffected in both mouse and human MII oocytes
[26]. Ciotti et al. found that a progressively significant fast
cumulative recovery rate was observed in the three vitrifica-
tion groups by increasing the number of phases at physiolog-
ical temperature [27]. These reports support the application of
physiological temperatures in vitrification-warming proce-
dures. However, in the present study, no statistically signifi-
cant increase in fertilization rate was observed in oocytes

Table 3 Stepwise multiple linear regression analysis for the effect of
independent variables on survival rate in the 141 warming cycles

Model (adjusted R2=0.086) β t p

1 (constant) 0.685 15.116 0.000

Clinical outcomes of fresh cycles 0.063 3.250 0.001

Dilution temperature 0.079 2.409 0.017

Survival rate=0.685+0.079(Dilution temperature)+0.063(Clinical out-
comes of fresh cycles)
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rehydrated at the 37 °C compared to those rehydrated at RT. It
might be explained that 2–3 h of recovery after warming could
help the spindle fully repolymerization in both groups.

It is difficult to evaluate the efficiency of oocyte vitri-
fication in clinical settings. Besides vitrification, several
other factors, such as the quality of gametes as a result of
female age, ovarian stimulation, and sperm source and the
impact of any ex vivo manipulations (oocyte handling,
fertilization technique, and in vitro embryo culture) may
affect embryo development and clinical outcomes. In the
present study, oocytes were all from infertile women. In
the nondonor groups, only patients who did not achieve
pregnancy or live birth during their fresh cycle underwent
ET using vitrified-warmed oocytes. These nondonor oo-
cytes resulted in relatively poor laboratory and clinical
results in the present study. Multiple linear regression
analysis also confirmed that clinical outcomes of fresh
cycles (β=0.063, P=0.001) was a significant and inde-
pendent factor associated with survival rates. Besides oo-
cyte factor, some patients chose vitrified-warmed autolo-
gous oocytes because of sperm factor (quality and/or
quantity), and this also had a negative effect on the fertil-
ization rate before and after oocyte vitrification. Day 2
and day 3 embryo transfers were performed in this study,
and the implantation rates were only 13.33 and 14.86 %
in nondonor groups.

In conclusion, the results of this study give supportive ev-
idence of the application of 37 °C in the dilution process,
especially for oocytes of poor quality. Further studies with
well-controlled experimental groups are needed to optimize
protocols for human oocyte vitrification.
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