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KEY MESSAGE
Incubation at 37°C was associated with better human embryo developmental parameters than incubation at
36.5°C. No difference was observed, however, between these culture temperatures on the incidence of clini-
cal and ongoing pregnancy.

A B S T R A C T

This prospective, double-blind, randomized controlled trial was designed to evaluate the efficacy of a culture temperature of 36.5°C versus 37°C on

human embryo development in vitro. A total of 412 women undergoing IVF were randomized to two groups: the oocytes and embryos of the interven-

tion group were cultured at 36.5°C; those of the control group were cultured at 37°C. Although no significant effect of culture temperature was observed

on pregnancy or implantation rates, differences were found in embryo development. Embryo culture at 36.5°C was associated with a significantly higher

cleavage rate (OR 1.6, 95% CI 1.03 to 2.51), but a lower fertilization rate, fewer high-quality embryos on day 3, a lower blastocyst formation rate on day

5, and fewer high-quality and cryopreserved blastocysts (OR 0.87, 95% CI 0.78 to 0.98), (OR 0.60, 95% CI 0.53 to 0.69), (OR 0.85, 95% CI 0.75 to 0.97),

(OR 0.5, 95% CI 0.44 to 0.56) and (OR 0.77, 95% CI 0.68 to 0.88), respectively, compared with 37°C. On the basis of these results, and in the absence of

data on the optimal temperature for each stage of embryo development in vitro, we recommend continuation of the use of 37°C for human embryo

culture.
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Introduction

Temperature is a key factor in establishing and maintaining a con-
trolled environment for oocyte and embryo culture. Although core body
temperature (37°C) has been the standard for assisted reproductive
technologies (ART) (Wale and Gardner, 2016), some studies have re-
ported that oocyte development occurs below core body temperature
(1.5°C cooler for animals, and 2.3°C for humans) (Bahat et al., 2003;
Grinsted et al., 1985; Hunter, 2012; Hunter and Nichol, 1986). This is
analogous to spermatogenesis occurring at about 2–4°C below the
core body temperature, with warming of the testicle to 37°C having
a negative effect on sperm production (Durairajanayagam et al., 2015;
Mieusset and Bujan, 1995).

Although these observations suggest that the use of 37°C might
not be optimal for oocyte culture, information on temperature within
the oviduct and uterus during the period of human embryo develop-
ment and implantation is lacking, so it is unclear whether 37°C is the
optimal temperature for human embryo culture. ‘The quiet embryo
hypothesis’ proposes that normal, viable embryos have a quieter me-
tabolism than abnormal embryos (Leese, 2002; Leese et al., 2008),
and that lowering the embryo culture temperature by 1–1.5°C would
calm the upregulated metabolism and enzymatic activity of a devel-
oping embryo. Although this hypothesis has now been updated (Leese
et al., 2016), the new concept does not include a consideration of the
effect of temperature. Further confounding the question of the best
temperature for oocyte culture are reports that handling oocytes at
temperatures well below 37°C disrupt the oocyte’s meiotic spindle
(Liu et al., 2017; Sun et al., 2004; Wang et al., 2002), whereas main-
taining the temperature around 37°C during intracytoplasmic sperm
injection (ICSI) improved spindle morphology, as well as fertiliza-
tion and pregnancy rates (Sun et al., 2004; Wang et al., 2002). One
study reported a higher incidence of pregnancy when the incuba-
tor’s shelves were slightly lower than 37°C during embryo culture
(Higdon et al., 2008), although we cannot rule out the possibility of
other factors, such as the incubator itself, as the cause of this dif-
ference in pregnancy rate.

Many of the studies designed to identify the ideal temperature for
human embryo culture were conducted on animal models. There-
fore, they may not mimic human embryo biology, cell segregation or
metabolic requirements. One randomized controlled trial (RCT) com-
paring the effect of culture temperature on human embryo
development and subsequent outcome used a small sample size of
only 52 participants and a relatively wide temperature range (36°C
versus 37°C) (Hong et al., 2014). Therefore, the question of the optimal
temperature for human embryo culture remains open.

The aim of this study was, therefore, to determine whether oocyte
and embryo culture at 36.5°C, the midpoint between 36°C and 37°C,
would improve the incidence of clinical pregnancy and other outcomes.

Materials and methods

Study design

This prospective, RCT was designed to test the hypothesis that cul-
turing human embryos at 36.5°C would improve the incidence of
clinical pregnancy and embryo development after IVF, compared with
37°C as control. This trial was conducted in a private IVF facility (Ibnsina
IVF Center, Sohag, Egypt) from November 2012 to December 2015,

with follow-up until June 2016. The facility’s research ethics com-
mittee approved the study protocol on 13 June 2012 (Ethical Clearance
No: 003-2012). The couples provided written informed consent before
recruitment. The study was registered at clinicaltrial.gov (identifier
NCT01706900). The data were collected and then analysed at Ibnsina
IVF Center.

Study participants

Women were included if they were aged between 18–33 years, had
a body mass index of 30 kg/m2 or over, had 12 antral follicles or more,
eight or more metaphase II (MII) oocytes collected, and were either
undergoing their first ICSI cycle or had a previous successful ICSI cycle.
Women were excluded if they had endometriosis, poor endometrial
thickness (<8 mm on the day of HCG trigger), had undergone a pre-
vious failed ICSI cycle or experienced a difficult embryo transfer. Other
exclusion criteria were if frozen semen or surgically retrieved sper-
matozoa were used, or if the ejaculate contained less than 10 × 106

spermatozoa/ml, had less than 5% progressively motile spermato-
zoa or the spermatozoa had severe morphological defects, i.e.
globozoospermic or pinhead samples.

Randomization and masking

Randomization was achieved using a random allocation sequence gen-
erated by an Excel random number table (Microsoft, Redmond, WA).
An equal number of participants were randomized into the test and
control groups, i.e. their oocytes and embryos were to undergo either
a 36.5°C or a 37°C culture temperature from day 0 to 5 or 6, by a re-
search secretary who did not work in the laboratory. The randomization
results were allocated in sequentially numbered, opaque, sealed en-
velopes, which were stored in the secretary’s office until the day of
HCG trigger. On that day, the envelope was opened and the result de-
livered to the laboratory director. Participants and clinicians were
blinded to the allocation to 36.5°C or a 37°C culture temperature and
remained blinded at transfer, albeit the embryology team had always
access to the culture protocols and was not blinded.

Interventions

In group I (intervention arm), the oocytes and subsequent embryos
of each woman were cultured in a 36.5°C temperature-adjusted lo-
cation within one compartment of a Minc-1000 benchtop incubator
(Cook Medical, Bloomington IN, USA). In group II (control arm), the
oocytes and subsequent embryos of each woman were cultured at
37°C temperature-adjusted location in the second compartment of
the same incubator. In both arms, temperature was verified twice
weekly using a certified thermometer (with a precision of 0.1°C; IVF
thermometer, Research Instruments, Falmouth, UK) to maintain 36.5°C
for the intervention group and 37°C for the control. In addition, these
compartments were monitored daily via a small thermocouple sensor
kept beside each dish throughout the entire culture period, using a
temperature monitoring device with a precision of 0.1°C (Chino, Japan)
(Supplementary Figure). The embryos from both groups were cul-
tured from day 0 to day 5 or 6 without medium renewal. All oocytes
from both groups were inseminated by ICSI (Palermo et al., 1992),
and the oocytes and embryos were graded according to the Istanbul
Consensus (Alpha Scientists in Reproductive Medicine and ESHRE
Special Interest Group of Embryology, 2011). The embryo transfer was
always carried out on day 5, and all the graded embryos of less than
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311 remained in culture up to day 6 to be vitrified, if 311 or more. Each
woman underwent a transfer of one or two high-quality blastocysts
(graded as ≥311) on day 5.

Stimulation protocol and luteal phase support

For all women, gonadotrophin-releasing hormone agonist (Decapeptyl
0.1 mg, Ferring, Switzerland) was started on day 21 of the cycle pre-
ceding treatment, and continued throughout the treatment cycle.
Ovarian quiescence was confirmed on cycle day 2 by ultrasound and
laboratory examinations before starting gonadotrophin stimulation.
Gonadotrophin injection (recombinant FSH, Gonal F, Merck, Serono;
HMG, Menogon, Ferring, Switzerland) was then started at a dose of
150 IU for multi-follicular ovarian stimulation, with follicular growth
monitored from day 5 of stimulation, and gonadotrophin dose ad-
justed as required. When the mean diameter of three or more follicles
was 18 mm or over, final oocyte maturation was induced by intra-
muscular injection of 10,000 IU HCG (Choriomon, IBSA, Switzerland).
For luteal phase support, women received an intramuscular proges-
terone injection (100 mg/ml [Prontogest, IBSA]) from the day after
retrieval (day 1) and, if pregnant, this was continued to week 8 of
gestation.

Sperm preparation, oocyte retrieval, denudation and ICSI

For all participants, semen was produced 1 h before oocyte re-
trieval. After liquefaction, spermatozoa were isolated from semen at
room temperature using a density gradient method (Puresperm,
Nidacon, Sweden) (Björndahl et al., 2010). The pellet was washed once
and incubated in HEPES buffered medium (AllGrade Wash, LifeGlobal).
The prepared sperm samples were maintained at room tempera-
ture until the time of insemination (39 h after HCG trigger).

Oocytes were retrieved at 36 h after HCG trigger. Each follicle was
aspirated into 1 ml HEPES-buffered medium (global HEPES, LifeGlobal,
Guelph ON, Canada) and handled in tube warmers (37°C). Oocyte de-
nudation took place 39 h after HCG trigger, using hyaluronidase
(LifeGlobal, Guelph ON, Canada) and denudation pipettes (Vitrolife,
Sweden). Immediately thereafter, ICSI was carried out for all MII
oocytes in Global/HEPES medium (LifeGlobal, Guelph ON, Canada).

Culture protocol and embryo scoring

Inside the study incubator, a temperature shift of ±0.1°C in either
temperature-adjusted location was immediately corrected and re-
corded. The O2 level in the premixed gas was maintained at 5% and
the pH level of 7.25 ± 0.02 was achieved with CO2 of around 7.5%,
throughout the study period. pH was measured and maintained at 7.25
± 0.02 by handheld blood gas analyser (Epocal Inc; Canada). This quality
assurance was repeated twice weekly throughout the study. On the
day before ICSI, each culture dish (micro-droplet, Vitrolife, Sweden)
was prepared with 12 culture media droplets containing 15 µL per
droplet (global total, LifeGlobal, Guelph ON, Canada) overlaid with 5 ml
oil (Ovoil, Vitrolife, Sweden). The culture dishes were then incu-
bated overnight in 7.5% CO2; 5% O2; 87.5% N2 in either the 36.5°C or
37°C compartment of the incubator. In this way, the oocytes and
embryos for each arm of the study were maintained at test or control
temperature throughout their culture. Each medium droplet con-
tained three inseminated oocytes from day 0 to day 5 or 6 of culture.
All disposables, media and oil used in the study had undergone a

one-cell mouse embryo assay and sperm bioassay to exclude
embryotoxicity.

Assessment of fertilized oocytes and embryos was made inde-
pendently by three competent embryologists, using images of each
inseminated oocyte and embryo captured on days 1, 3, and 5. Each
embryologist recorded their assessment in the patient’s Case Record
File, and was blinded to the evaluations made by the other embry-
ologists. Individual variations in the assessment of each embryo were
eliminated using the Fleiss’ Kappa test (McHugh, 2012).

Embryo transfer

Blastocyst transfer was carried out on day 5 under abdominal ultra-
sound guidance, using a Sydney IVF Transfer Set (Cook, Bloomington
IN, USA). One or two blastocysts were transferred in less than 30 µl
Embryoglue medium (Vitrolife). Women received a single blastocyst
if they had a small uterine cavity or a previous preterm birth. Any re-
maining expanded blastocysts (expansion score of ≥3 according to the
Istanbul consensus), were vitrified on day 5. Blastocysts not suffi-
ciently expanded on day 5 were maintained in culture and vitrified on
day 6 if their expansion score was 3 or over. Fourteen days after
embryo transfer, serum beta-HCG titre was monitored and, if posi-
tive, ultrasound confirmation of the clinical pregnancy was made 4–5
weeks after embryo transfer.

Study end-points

The primary outcome was the incidence of clinical pregnancy (fetal
heartbeat at week 4 or beyond after embryo transfer). Secondary
clinical outcomes were incidence of ongoing pregnancy (pregnancy
beyond 20 weeks’ gestation) and implantation (fetal heartbeat ob-
served on ultrasound as a function of the number of embryos
transferred). Other clinical outcomes were the incidence of biochemi-
cal pregnancy (positive beta-HCG at 14 days after embryo transfer),
chemical pregnancy (any biochemical pregnancy that did not con-
tinue to clinical pregnancy), and miscarriage (any biochemical
pregnancy that did not reach the ongoing pregnancy stage). The
embryological outcomes were the rates of blastocyst formation
(per fertilized oocyte), high-quality blastocysts (blastocysts graded
at ≥311 per fertilized oocyte), high-quality cleavage-stage embryos
on day 3 (embryos with seven to eight equal sized blastomeres with
<10% fragmentation by volume) and fertilization (fertilized oocytes
with two pronuclei per MII oocyte injected).

Statistical analysis

We calculated that a 15% increase from the baseline 45% clinical preg-
nancy rate (European IVF-Monitoring Consortium (EIM) et al, 2016)
would be sufficient to evaluate the difference between the 36.5°C culture
temperature (interventional) and the 37°C temperature (control group).
With an α of 0.05, two-sided testing, and a power of 0.80, each arm
would need to include 187 women. Anticipating a 5% dropout rate,
we calculated that around 400 participants would be needed (Neves,
2013). The continuous variables were weighed for normality using the
Shapiro-Wilk test. The difference between the groups was estimated
using the unequal variance t-test (Ruxton, 2006). The dichotomous
variables were analysed using the binomial logistic regression with
log link. Using the multivariate logistic regression, the primary outcome
was correlated with the other potential confounders. Fleiss’ Kappa
test was used to analyse the difference between embryologists’ in ICSI
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and embryo grading (McHugh, 2012). Data were presented as means
or odds ratio with 95% confidence interval. P < 0.05 or confidence in-
tervals of not crossing 1 indicated the significant differences. SPSS
(version 21.0; IBM; US) was used for all analyses.

Results

Between November 2012 to December 2015, 450 women were
assessed for eligibility, of whom 412 met the inclusion criteria and
agreed to participate (Figure 1). A total of 21 did not reach the
primary end-point and were included as negative outcomes in the
intention-to-treat analysis. Of these, seven women developed ovarian
hyperstimulation syndrome and all the viable embryos underwent
cryopreservation, five had poor embryo development and cancelled
the transfer and nine were lost to follow-up. A total of 5740 MII
oocytes were collected from 412 women. In the intervention group,
2871 MII oocytes were retrieved from 205 women, whereas 2869 MII
oocytes were retrieved from 207 women in the control group.

The age, body mass index, duration of infertility, collected oocytes,
matured oocytes, transferred embryos, basal FSH level, antral fol-
licle count, or total FSH/HMG dose, and proportions of infertility causes
were similar between the two groups (Table 1).

Embryological outcomes are presented in Table 2. The oocyte
maturation rate was similar between the groups. The fertilization
rate was significantly lower in the 36.5°C culture than in the 37°C
group (OR 0.87, 95% CI 0.78 to 0.98; P = 0.017), whereas the
cleavage rate was significantly higher (OR 1.6, 95% CI 1.03 to 2.51;
P = 0.034). The rates of high-quality embryos and compaction on
day 3 were significantly lower in the 36.5°C culture group ([OR 0.60,
95% CI 0.53 to 0.69; P < 0.0001] and [OR 0.65, 95% CI 0.57 to 0.75; P
< 0.0001]), as were the blastocyst formation rate and proportion of
high-quality blastocysts ([OR 0.85, 95% CI 0.75 to 0.97; P = 0.014]
and [OR 0.5, 95% CI 0.44 to 0.56; P < 0.0001]). This resulted in a
significantly lower blastocyst cryopreservation rate in the 36.5°C
group compared with the 37°C group (OR 0.77, 95% CI 0.68 to 0.88;
P < 0.0001).

Clinical outcomes are presented in Table 3. No significant differ-
ences were found between the two groups.

Figure 1 – Eligible participants and allocation. ICSI, intracytoplasmic sperm injection; MII, metaphase II; OHSS, ovarian hyperstimulation
syndrome.
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Discussion

This study was designed to evaluate whether lowering the culture tem-
perature to 36.5°C from 37°C would improve human embryo
development and subsequent outcomes. Although no significant dif-
ference was found in clinical outcomes between the two groups
(Table 3), fertilization and embryo development were significantly
better in the 37°C group, apart from cleavage rate (Table 2).

A stringent culture protocol within a single incubator (Minc-
1000; Cook) using the same pH, O2 level, culture media and volume,
and dishes, from day 0 to day 5 or 6, was used for both arms of the
study. The study was designed as a RCT with sufficient sample
size to support a 15% margin of difference to account for the
relatively fine difference between the test and control culture
temperatures.

Much of our current information about the effect of temperature
on embryo development comes from animal models. In bovine
embryos, induction of heat stress in the cleavage stage was shown
to alter gene expression and subsequent development, although the
morula stage and beyond were not affected (Hansen, 2007; Sakatani
et al., 2013). Although embryo development in murine oocytes col-
lected at 25°C was unaltered, oocytes collected at 37°C had identical
gene expression compared with in vivo-produced embryos (Lane et al.,
2008).

Table 1 – Baseline characteristics by trial group.a,b

Culture group

Test (36.5°C)
(n = 205)

Control (37°C)
(n = 207)

Age (years) 28.77 ± 0.54 28.53 ± 0.55
BMI (kg/m2) 27.1 ± 0.49 26.54 ± 0.58
Duration of infertility (years) 6.56 ± 0.12 6.61 ± 0.11
Basal FSH (IU/l) 6.10 ± 0.13 6.12 ± 0.08
Antral follicle count 11.7 ± 0.28 11.6 ± 0.59
Total FSH/HMG 1932 ± 29.1 1934 ± 24.6
Cause of infertility:

PCOS, n (%) 77 (38) 72 (35)
Male factor, n (%)c 81 (40) 84 (41)
Tubal, n (%) 47 (23) 51 (25)

Number of oocytes collected 15.61 ± 0.86 15.33 ± 0.71
Number of matured oocytes 14.00 ± 0.74 13.86 ± 0.68
Number of embryo transferred 1.81 ± 0.05 1.86 ± 0.05

a Comparison of differences between the two groups was by t-test for
unequal sample variances, and chi-squared test or Fisher’s exact test
where appropriate. There were no statistically significant differences.

b Data presentations are mean ± SD (for unequal variance) or number (%)
as appropriate.

c Male factor: includes only fresh semen samples that met the study cri-
teria for concentration, progressive motility and morphology.

BMI, body mass index; HMG, human menopausal gonadotrophin; PCOS: poly-
cystic ovary syndrome.

Table 2 – Embryological outcomes in the trial groups.a

Culture group Odds ratio (95% CI) P-value

Test (36.5°C)
(n = 205)

Control (37°C)
(n = 207)

Maturation rate: MII oocytes/collected oocytes (%) 2871/3200 (90) 2869/3174 (90) 0.93 (0.79 to 1.10) NS
Fertilization rate: 2PN oocytes/injected MII oocytes (%) 2017/2871 (70) 2097/2869 (73) 0.87 (0.78 to 0.98) 0.017
Cleavage rate: cleaved embryos/ fertilized oocytes (%) 1985/2017 (98) 2044/2097 (97) 1.61 (1.03 to 2.51) 0.034
Top-quality day-3 embryos/fertilized oocytes (%) 1211/2017 (60) 1497/2097 (71) 0.60 (0.53 to 0.69) <0.0001
Compaction rate: compacted day three embryos/fertilized oocytes (%) 437/2017 (22) 623/2097 (30) 0.65 (0.57 to 0.75) <0.0001
Blastocyst formation rate: blastocysts/fertilized oocytes (%) 1193/2017 (59) 1319/2097 (63) 0.85 (0.75 to 0.97) 0.014
High-quality blastocysts/fertilized oocytes (%) 644/2017 (32) 1015/2097 (48) 0.5 (0.44 to 0.56) <0.0001
Cryopreservation rate: vitrified blastocysts/fertilized oocytes (%) 722/2017 (36) 879/2097 (42) 0.77 (0.68 to 0.88) <0.0001

a Data presented as proportions (odds ratio rate difference and 95% CI).
MII, metaphase II; NS, not statistically significant; 2PN, two pronuclei.

Table 3 – Clinical outcomes in the trial groups by intention-to-treat analysis.a

Culture group Odds ratio (95% CI)

Test (36.5°C)
(n = 205) n (%)

Control (37°C)
(n = 207) n (%)

Biochemical pregnancy rate 130/205 (63) 129/207 (62) 1.05 (0.70 to 1.56)
Clinical pregnancy rate 117/205 (57) 114/207 (55) 1.08 (0.73 to 1.60)
Chemical pregnancy rate 13/205 (6) 15/207 (7) 0.87 (0.40 to 1.87)
Ongoing pregnancy rate 101/205 (49) 97/207 (47) 1.10 (0.75–1.62)
Miscarriage rate 29/205 (14) 32/207 (15) 0.90 (0.52 to 1.55)
Twin pregnancy rate 8/205 (4) 10/207 (5) 0.8 (0.31 to 2.07)
Implantation rate 132/371 (36) 144/388 (37) 0.94 (0.71 to 1.26)

a Logistic regression analysis was used for between-group data comparisons. There were no statistically significant differences. Data presentations are pro-
portions (rate difference) and 95% CI. Chemical pregnancy indicates positive pregnancy test with no gestational sac identified 15 days after the test.
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Several studies measuring the actual temperature inside the de-
veloping follicle, ovary and oviduct have suggested that the physiological
temperature for embryo development may be lower than 37°C (Grinsted
et al., 1985; Higdon et al., 2008; Hunter, 2012; Hunter and Nichol, 1986).
These studies, however, had small sample sizes and flaws in the
methods and timing of temperature measurement. ‘The quiet embryo
hypothesis’ that originally postulated an effect of temperature on embryo
metabolism (Leese, 2002; Leese et al., 2008) has been recently updated
(Leese et al., 2016). Although this update still proposes thresholds
for embryo metabolism, it does not consider the potential effect of
culture temperature on embryo development. Therefore, we judged
that an evidence-based approach was required to validate whether
an effect of culture temperature would occur at the standard 37°C
(Wale and Gardner, 2016) or a lower temperature, upon human embryo
development in vitro.

Although we found that most of the embryo developmental pa-
rameters were better at 37°C (Table 2), we observed an improved
cleavage rate for fertilized oocytes cultured at 36.5°C. This could
support the notion that the temperature within the ovary and fallo-
pian tube is lower than core body temperature, and so raises the
question of whether a range of culture temperatures are required for
optimal embryo development in vitro. In the absence of this infor-
mation, there is no advantage to culturing oocytes and embryos at
temperatures other than 37°C. In addition, our results suggest that
a temperature range of 36.5–37°C for human embryo culture will
support equivalent clinical outcomes.

The similarity in clinical outcomes between the two groups of this
study is in agreement with the conclusions drawn in the study by Hong
et al. (2014) of the effect of culture temperature in human IVF. In-
terestingly, we found a significantly higher rate of cryopreserved
blastocysts in the 37°C group, and this, in turn, could suggest that
culturing embryo at 37°C is likely to offer a higher cumulative preg-
nancy rate. Therefore, 37°C culture temperature has likely a long term
beneficial effect on clinical outcome after IVF.

The findings of this study have raised several questions, such as
whether localized physiological temperatures could optimize embryo
development in vitro, if there is any effect of culture temperature on
gene expression or offspring health, or whether there are any
transgenerational effects. Further, the effect of culture medium com-
position in the response of oocytes and embryos to culture temperature
remains to be examined. Future studies should consider each of these
issues and identify the offspring health and transgenerational effects
as primary outcomes. Until this happens, our results suggest that
human embryo culture in vitro should continue at 37°C.

Our study has some limitations: the primary outcome was the in-
cidence of clinical pregnancy rather than live birth, and, as it was not
a multicentre trial, our conclusions are necessarily limited. Whether
these findings hold true for other patient populations, culture media
and incubators remains to be examined.

In conclusion, our study suggests continuation of using 37°C as the
standard culture temperature for in-vitro human embryo culture. A
careful multicentre RCT, however, with interim analysis to test the ideal
temperature for each stage of human embryo development, is needed.
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