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I - LITERATURE

• Wunderlich, 1868: 37°C (98.6°F) = mean normal body temperature in adults 

(little red arrow on thermometers)

• Normothermia range

• Cyclic: 36.2°C at rest, at night/morning, 37.5°C in the day

• Varies 

• Sex

• Menstrual cycle: 0.3-0.5°C rise after ovulation

• Ethnicity

• People

• Environmental conditions

• Physical activity

Temperature In Vivo
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Temperature gradients in female reproductive tract (Grinstead et al. 1985, Hunter 

et al. 2012)

Deviations from physiological temperature during IVF could affect gene expression
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Spermatogenesis

• Testicular functions are temperature-sensitive, therefore, intratesticular 

temperature should be kept 2–4 
◦
C lower than the rectal temperature. 

Goldstein et al. 1989

• Varicocele: scrotal hyper- thermia caused by venous blood stasis 

• High temperatures impair testicular androgen production via a pathway 

involving increased oxidative stress damage to the Leydig cells. Shiraishi et al. 

2010

• Hot baths and tight insulated underpants reduce sperm count by as much as 

90%
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1959: M.C. Chang: IVF in rabbits, Nature

1965: Fertilization of human oocytes. Edwards, Jones
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Culture temperature
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• Optimal target temperature for IVF is unknown (Higdon et al. 

2008)

• Significant differences in temperature between incubators and 

within incubators (Walker et al. 2013)

• Temperature variations inside commercial IVF incubators 

(Anifandis et al. 2013)
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Culture temperature
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INCUBATORS  & TEMPERATURE REGULATION

1983: 0.5°C
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Culture temperature: 37.0°C ± ∆T?

2011: 0.3°C 2015:  0.1°C
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• Enzyme activity and embryo metabolisme

• …gametes and early embryos function in vivo at a lower 

temperature than core body temperature, which could encourage 

the expression of a quiet metabolism. We call for research to 

determine the optimum temperature for mammalian 

gamete/embryo culture. 
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Examining the temperature of embryo culture in in vitro fertilization: a randomized 

controlled trial comparing traditional core temperature (37°C) to a more 

physiologic, cooler temperature (36°C). Hong et al. Fertil Steril 2014. 

Tabel toevoegen
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Better embryo development

@ 37

No difference ongoing

pregnancy
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Temperature and IVF
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Oxygen - Kierkegaard et al. Fertil Steril 20013

Culture medium - Ciray et al. J Assist Reprod Genet, 2012

Temperature - ?
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Morphokinetics
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Transient cooling to room temperature can cause irreversible disruption of 

the meiotic spindle in the human oocyte. Pickering S et al, Fertil Steril. 1990

The effect of temperature fluctuations on the cytoskeletal organisation and 

chromosomal constitution of the human oocyte. Almeida  et al. Zygote. 1990

• 2’ @ RT = 77% disruption of spindle

Limited recovery of meiotic spindles in living human oocytes after cooling–

rewarming observed using polarized light microscopy. Wang et al. Hum Reprod

2001
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Temperature during handling
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Overheating
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• The procedure may be performed at room 

temperature or at 37 °C with a

heated microscope stage, but should be 

standardized for each laboratory. If sperm

motility is to be assessed at 37 °C, the sample 

should be incubated at this temperature and 

the preparation made with prewarmed slides 

and coverslips. 

• The CASA system must maintain the specimen 

at 37 °C, because sperm motion is sensitive to 

temperature. 

• Improper temperature of stage warmer (e.g. 

too high temperature will kill spermatozoa
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Semen
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Sperm tolerant to long storage at room temperature

IVF: insemination temperature may be important
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Temperature during handling - sperm
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In Vivo

• 37° C body temperature is based on inaccurate  measurements and averaged

data 

• Deep body temperature in mammals is generally but incorrectly regarded as 

uniform

• Temperature gradients in female reproductive tract

• Gametes and early embryos function in vivo at a lower temperature than core 

body temperature, which could encourage the expression of a quiet 

metabolism.
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In Vitro

• 37° C core body temperature has been the standard for IVF 

• Temperature differences within and between incubators

• Leese: impact on enzyme activity and metabilism: lowering incubation

temperature?

• Cooling affects microtubules and spindle organization – what is too low?

• Rigourous thermal control (during ICSI) improves fertilization and pregnancy

rates

• Overheating is detrimental – what is too high?
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“There is only one thing that is truly important in 

an IVF lab: everything” Cairo Consensus 

Guidelines on IVF Culture Conditions

Abstract

This proceedings report presents the outcomes from an 

international Expert Meeting to establish consensus 

guidelines on IVF culture conditions. Topics reviewed and 

discussed were: embryo culture – basic principles and 

interactions; temperature in the IVF lab; humidity in 

culture; CO2 control and medium pH; O2 tension for 

embryo culture; workstations – design and engineering; 

incubators – maintaining the culture environment; 

micromanipulation – maintaining a steady physical-

chemical environment; handling practices; assessment 

practices; culture media – buffering and pH, general 

composition and protein supplementation, sequential or 

single-step media for human embryo culture, use and 

management – cold chain and storage; test equipment 

calibration and certification; and laboratory equipment 

and real-time monitoring. More than 50 consensus 

guideline points were established under these general 

headings.
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Cairo Consensus on IVF Culture conditions – submitted RMB Online
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Temperature: When measuring the temperatures of incubators or other highly 

sensitive environments, a tolerance limit of no more than ±0.1°C is recommended. 

Thermometers should be calibrated against a NIST- traceable reference device at 

least twice per year 

Temperature

Available evidence supports the maintenance of human oocytes and embryos at 

37°C during culture. It could be that there is a range of acceptable temperatures, 

but this range has not yet been determined. If the available equipment cannot 

provide a tight temperature control, then a slightly lower temperature is likely 

better than a slightly higher one. 
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Is temperature measurement difficult?
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Introduction
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Temperature sensors

Negative Temperature

Coefficient thermistor (NTC)

• Small, accurate, fast

Resistance Temperature Detector

• Pt100 - Pt1000

• Very accurate, large, slow

Thermocouple

• Less accurate, small, fast

Semiconductor
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Heated stages: Thermocouple

• Very small (inside dish)

• Very fast (detection of hot spots)

Large box incubators: RTD (Pt 100 – Pt 1000)

• Size not important

• Slow response

• Precise

Desktop Incubators: Thermistor

• Small size, direct heat - fast response
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Temperature sensors
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Digital thermometer - thermistor

YSI 4610 precision thermometer with MEAS 451 1.3mm Tubular Probe (NTC 

thermistor)

System accuracy ±0.05°C from 20°C to 50°C with 4610-series probes

1 mm x 10 mm
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Thermistor probe

Inside culture dish/oil
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Desktop incubators
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Measurement range

Accuracy

Measurement site design

Reaction time

Durability
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Thermocouples
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Response time vs mass
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Thermocouple reaction time
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Digital thermometer – thermocouple

Heated stages – ICSI rig

Thermocouple type K

Non shielded, fast response

• Detection of “hot spots”

• Dont’ expect stable measurements



I

II HOW TO MEASURE TEMPERATURE

Ambient temperature should be stable: 21 – 23°C

Mimic each step in the process

Specific dish for specific procedure: type, volume, lid or not, air-flow on?

Validate testprotocol

Leave heating equipment on at all times

34

Tips and tricks
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It depends on your equipment - risk assessment - validation

• Is it stable over time?

• Is it critical?

Egg collection heating block: each time

Heated stages: 2 times/year

• Know the hot spots

• establish trend

Incubators: real-time monitoring and alarming
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Measuring frequency
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Manipulations

• Follicular aspiration

• Transport to laboratory

• Examination of follicular fluid

• Oocyte/embryo handling

• Embryo culture

• Transfer

Equipment

• Laboratory (OR) equipment

• ICSI rig

• Incubator

Dont take anything for granted!!!
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Do you know exact temperatures at…?
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Daily verification of setpoints

• Changes by cleaning staff

• Unintended changes (power failure)

19-6-2019 37

Checklist
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Wrong use of thermocouple
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Inaccurate measurement
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• fast cooling during transport

•Protective potential of metal tray holders??
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Risk of overheating ≥ 37.2°𝐶
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Equipment specifications

Stability Homogeneity Accuracy of 
regulation

Max sp

Labotect Hot Plate A4 ± 0.2°C ± 0.3°C 36.7°C

Laboteckt blockthermostat ± 0.2°C ± 0.2°C 36.8°C

Labotect Cell transporter ? ? ± 0.3°C ?

Labotect CO2 incubator Labo C201 ± 0.1°C ± 0.3°C 36.8°C

Minitube Embryo and oocyte transport ? ? ± 0.5°C ?

Cooper surgical G95 incubator ? ? ± 0.2°C ?

Modern desktop incubator < 0.1°C 0.1°C 37.0°C
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Temperature during transport

Temperature logger
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Time necessary for temperature equilibration in 

incubator

22

24

26

28

30

32

34

36

38

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

dish

tube

Tempeature decrease in a dish out of the 

incubator

24

27

30

33

36

39

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

in LAF

not in LAF

Heating: 20 min

Cooling:

- 0.5°C/min

37.0 ± 0.5°C = 1 
min!!!

min

min
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Optimal T° after (min) Complete cooling

after (min)

3,5 cm culture dishes

(3 ml oil)
~ 20 ~ 20

Centre Well (500 µl 

medium + 1 ml oil)
~ 20 ~ 15

Centre Well

(500 µl medium)
~ 30 ~ 15

Nunc (500 µl medium 

+ 400 µl oil)
~ 30 ~ 25

Nunc (500 µl medium)
~ 40 ~ 20

19-6-2019 45

Heating and cooling
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Accurate temperature measurement is very difficult

Many laboratories do not have accurate/calibrated equipment/probes

High uncertainty of measurement

Exact methodology/accuracy/uncertainty of measurements in literature: ?
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Conclusions
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Is there an optimal culture temperature?

Is there an acceptable range?

What is an acceptable minimum- maximum value?

48

Questions
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Temperature near cells

50

Temperature Calibration procedure

• Thermometer: Measurement specialties 4610 precision thermometer with YSI 4611 probe
• Accuracy ± 0.05°C  (20°C – 50°C)
• Incubator temperature calibration function ± 0.1°C to adjust “real” temperature

1 mm x 10 mm
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1. Circadian Temperature Rhythm (CTR)
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37.5

36.6

37

36

37

38
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11h
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21h
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01h

D
06h

CR
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• 36.6°C (1 – 6) tot 37.5°C (11 – 21h)

• Sibling oocytes, 50 patients, d5/6
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CTR study 36.6 – 37.5 37.0
G-185

CTR
G-210
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1 CTR

• Embryos can be cultured in a range from 36.6 to 37.5°C

• Maintaining a Circadian Temperature Rhythm (36.6 to 37.5°C) during culture 

does not improve fertilization rate and embryo development

• Embryo utilisation rate is lower –37.5°C might be too high

54

CTR study 36.6 – 37.5 - Conclusions
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1. CTR 36.6 – 37.5

2. Sibling 36.6 vs 37.1°C
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Does stable incubation temperature at 36.6°C or 37.1°C affect the 

embryo quality after ICSI?

• Prospective sibling oocyte study  (may – nov 2016)

• 100 ICSI d5/6 cycles, min 6 MII, ejaculated semen,no PGD 

• One incubator @ 36.6°C or 37.1°C - 6.0% CO
2

and 5.0% O
2

• Origio Sequential Series

• Main outcome measures: 

>Fertilisation rates

>Embryo quality D3 - D5/6

>Utilisation rates
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Sibling 36.6 vs 37.1°C
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Incubator Temperature calibration

57

Sibling 36.6 vs 37.1°C

Chambers 1 to 5 as close as possible to 37.10 °C  and chambers 6 to 10 to 36.60°C - 6.0% CO2 – 5.0 

% O2

Inc 40 Chamber 1 Chamber 2 Chamber 3 Chamber 4 Chamber 5 Average

37.11 37.05 37.15 37.15 37.07 37.11

Chamber 6 Chamber 7 Chamber 8 Chamber 9 Chamber 
10

36.66 36.61 36.66 36.59 36.62 36.63
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Culture temperature 36.6°C 37.1°C

Cycles 99

# COC/ # MII 1432 / 1153 (80,5%)

# injected 572 581

2PN (%) 460 (80.4) 455 (78.3)*

Embryo Quality D3

Grade 1 (%/2PN) 238 (51.7) 261 (57.4)*

Grade 2 (%/2PN) 122 (26.5) 101 (22.2)

Embryo Quality D5

Grade 1 (%/2PN) 101 (23.8) 104 (24.3)*

Grade 2 (%/2PN) 127 (30.0) 135 (31.5)

36.6°C 37.1°C

Transfers (SET) 59

Transfer (DET) 11

No transfer (EQ) 2

Freeze all 26

No Cryo (EQ) 1

58

No significant differences in fertilisation – embryo quality – utilisation rate

* NS

36.6°C 37.1°C

Vitrified D5 120 144

Vitrified D6 72 47

Transfered D5 37 44

Utilisation rate/MII 
(%)

229/572 
(40.0)

235/581 
(40.4)*
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1 CTR

• Embryos can be cultured in a range from 36.6 to 37.5°C

• Maintaining a Circadian Temperature Rhythm (36.6 to 37.5°C) during culture 

does not improve fertilization rate and embryo development

• Embryo utilisation rate is lower –37.5 might be too high

2 Sibling 36.6 – 37.1°C

• Incubation at 36.6 or 37.1°C results in identical fertilisation rates, embryo 

quality on day 3 or day 5 and embryo utilisation rate

• The quiet embryo metabolism hypothesis cannot be confirmed

60

Sibling 36.6 – 37.1°C - Conclusions
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1. CTR 36.6 – 37.5

2. Sibling 36.6 vs 37.1°C

3. RCT 36.6 vs 37.1°C°

61
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RCT 36.6 vs 37.1°C

36,6°C 37,1°C
No. of Cycles 33 38
Age (y) 32.4 ± 3.1 31.4 ± 4.5
No. Of COCs 11.9 ± 4.4 11.7 ± 3.6
# COCs 392 444
No. Of MII 9.9 ± 3.4 9.8 ± 3.0
# MII (%) 326 (83.2) 374 (84.2)

Fertilization
Fertilized 7.6 ± 3.3 7.9 ± 3.0
# Fertilized (%) 251 (77.0) 300 (80.2)

Day 3 Embryo Quality
Excellent Quality (%) 126 (50.2) 195 (77.7)
Good Quality (%) 72 (28.7) 67 (26.7)
Moderate Quality (%) 41 (16.3) 26 (10.4)
Poor Quality (%) 12 (4.8) 12 (4.8)

Day 5 Embryo Quality
No. of Embryos to Day 5 Culture 238 289
Excellent Quality (%) 27 (11.3) 39 (13.5)
Good Quality (%) 76 (31.9) 100 (34.6)
Moderate Quality (%) 58 (24.9) 65 (22.5)
Poor Quality (%) 77 (32.4) 85 (29.4)

Utilization
No. Of Embryos Transferred on Day 5 33 38
No. Of Embryos Cryopreserved on Day 5+6 34 + 35 62 + 43
Per No. Of Mature Oocytes (%) 102/326 (31.3) 143/374 (38.2)
Per No. Of Fertilized Oocytes (%) 102/251 (40.6) 143/300 (47.7)
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36.6°C 37.1°C
day 5 transfers 33 38

unknown outcome 0 1
positive hCG (%) 23 (69.7) 24 (63.2)

clinical (FHB + echo 1) 19 (57.6) 19 (50.07)
ongoing clinical (some
miscarried) 19 16
biochemical 2 2

negative hCG 10 13

RCT 36.6 vs 37.1°C (update 10/07/2018)
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• No effect on clinical outcome

• More blastocyst frozen after culture in 37.1°C

• Effect of faster cleavage @ 37.1°C?

• Morphokinetics?

67

RCT 36.6 – 37.1°C - Conclusions
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Is there an optimal  culture temperature? 

• Maybe not but data not conclusive yet

Is there an acceptable range? 

• YES

What is an acceptable minimum- maximum value?  

• 36.6 to 37.1 is acceptable

• Minimum – maximum ?

No effect of incubation temperature on clinical outcome

69

Questions
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Future?

• Other incubation temperatures?

• Static versus dynamic culture systems?

Thanks

• Dr Neelke De Munck

• Dr Samuel dos Santos Ribeiro
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