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1 - pH

Henderson-Hasselbach 
equation 
pH=pKa + log10 [HCO3-/α pCO2]

Culture media: 25 mM 
NaHCO3 + 6% CO2NaHCO3  6% CO2

HEPES – MOPS buffered 
media

No CO2– ambient air
pH is temperature related (T↑ = 
pH↓)

pH measurement

Standard pH probes - large volumes

ISFET probes – suitable for small volumes
RI pH meter

MTG pH meter
Bloodgas analyser

pH: equilibration time
pH equilibration of medium in a tube
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Fast pH rise in ambient air
Oil = limited protection to pH changes – volume is important



pH: in practice

Evolution of pH in a bench top incubator during 
egg collection
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Desktopincubator – CO2
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Equilibration time: 30h!

2 - Temperature
Time necessary for temperature equilibration in 

incubator
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Temperature: heating and cooling

Optimal T° after 
(min)

Complete 
cooling after 

(min)
3,5 cm culture dishes
(3 ml oil)

~ 20 ~ 20

Centre Well (500 µlCentre 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

Temperature control

Temperature: cooling on heated surface

Evolution of temperature in tube in 
heating block and in dish on heating 

stage set at 37ºC 
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Temperature: calibration of equipment

• Calibrated thermometer with 
thermocouple type K

• Individual fine tuning 
(equipment – culture dish)

• 37°C in the dish!

Evolution of temperature during egg 
collection
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• fast cooling during transport
•Protective potential of metal tray holders??
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3 - Osmolality

Culture media: 280-290 
mOSM/kg
Evaporation

Open culture system vs 
oil overlay
Incubator: humidified 
atmosphere?

Oil overlay?
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YES 1 fast rise in osmolality in open culture systems

2 protective effect of oil overlay on temperature

Humidified atmosphere ?

Osmolality of medium under oil
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Humidified atmosphere ?

Nunc_500 µl medium + 400 µl olie
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Conclusions

Oil overlay slows down gas exchange and 
pH changes – limited protection
Oil overlay reduces evaporation – osmolality 
changes
H d t t i t t idpH and temperature maintenance outside 

incubator is problematic
Humidification of incubator is not necessary 
(with oil overlay)



Factors affecting outcome – the incubators

From: Textbook of assissted reproductive techniques, Gardner et al

Standard incubators – requirements?

Triple gas (6% CO2 – 5% O2) 
Large capacity (inertion)
Heated door

Stable atmosphere, fast recovery (CO2 –temp)
Infrared CO2 sensor
Gas tight split doors

Air quality: HEPA - VOC filtersAir quality: HEPA - VOC filters

Reliable
Failure Alarm
Possibility to install independent probes
Remote alarm system
UPS

Easy to clean
Easy to disinfect

“Heracell 240”

t° (°C) CO2 (%) O2 (%) pH

Left 36,9 6,3 5,0 7,28

Right 37,2 6,4 5,1 7,29

t° (°C) CO2 (%) O2 (%) pH

Front 37,0 6,4 5,0 7,29

Back 37,1 6,4 5,1 7,28

Up 37,2 6,4 5,1 7,28

Middle 36,7 6,4 5,0 7,29

Down 37,2 6,3 5,0 7,29



Standard incubators – function control

• Calibrated thermometer
• Thermocouple Type K

• Gas analyser
• Measurement of real CO2 (O2) 

Minimum once a week

• Hereaus – K-Systems -Hereaus K Systems 
Vaisala

• Continuous monitoring

Continuous Monitoring

• Independent probes
• Autonomous 
• Permanent

A ti i t l l

• Incubators (T° – CO2 – door 
openings)

• Embryo and sperm bank
• Refrigerators

Freeze thawing devices

Requirement of 2006/86/EC (annex I - Equipment and materials C - §2)

• Acoustic internal alarm –
• External alarm (SMS)
• Traceability – audit trail

• Freeze- thawing devices
• Low O2 alarms



5.5% 
CO2

Out of 
service



Cleaning

Frequency: every month
Procedure

Dismantle
Clean with detergent
RinseRinse
Decontamination

Fertisafe™ (Hum. Rep. vol22 supl1, 2007)
Heat sterilization (if available)

Startup
Function control - calibration

Effect of door opening frequency?



Thermo Forma – “normal” opening frequency
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Thermo Forma – “normal” opening frequency
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Thermo Forma – high opening frequency
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Incubators – UZ Brussel



Door openings

Inc 1 Inc 2

Inc 3 Inc 4

% CO2

Inc 1 Inc 2

Inc 3 Inc 4

Effect of door opening frequency

Temperature and pH changes do occur but 
are limited

- 0.3°C
- 0.08  to  + 0.05 pH

Is this relevant?
No one has identified and characterized a precise 
pH optimum for the culture of human embryos
Temperature optimum???



Recommended pH Ranges for Commercially Available IVF 
Media (Rakowky, ASRM 2006)

P1

Quinn’s Advantage

Basal XI

Global

7.1 7.3

7.1 7.3

7.2 7.35

7.25 7.3

G1.3

IVF 500

HTF

Medicult None specified; “pH tested”

7.30+0.10

7.35+0.10

7.40+0.10

Gardner et al., Textbook of Assisted Reproductive 
technologies, second edition p20

“The ratio of cases per 
incubator varies 
considerably from 
program to program, 
and assuredly affects 
clinical outcome, 
depending on the 
number, type, and yp
length of incubator 
door openings. In 
principle, the number 
should be kept to a 
minimum; we prefer a 
limit of four cases per 
incubator.”

700 cases – 20 incubators

UZ Brussel - 2008

4200  retrievals – blastocyst culture
10 incubators
8 for culture



Incubators: conclusions

Standard incubator
Bigger is better
IR CO2 sensor
Gas tight split doors are essential
Continuous monitoring is essential
Humidification is not necessary (except open tubes - flasks!)
Effect of high door opening frequency on temperature andEffect of high door opening frequency on temperature and 
pH in a culture dish is limited

Number of cases per incubator: up to 12

Mini incubators?
MINC – COOK
G-185 – K-Systems

MINC (http://www.cookmedical.com)

“ it takes only three minutes to reach environmental homeostasis in the 
MINC versus nearly two hours in other incubators available on the market 
today”. 
(Cooke et al., J Assist Reprod Genet (2002) 19  - Fujiwara et al, J Assist 
Reprod Genet (2007) 24)

“the MINC uses minimal amounts of pre-mixed gas to create and maintain 
a physiological culture environment”

“the rapid heat transfer provides for a dramatically faster recovery time 
than other incubators and minimizes embryonic stress”

“ When the lid of the MINC is closed, gas is automatically purged to re-
establish the optimal embryonic environment and return the pH level to its 
normal physiological range. As incubators are opened frequently to 
monitor for fertilization, a prompt return to normal pH level is vital to the 
genetic composition of the embryos.”

Premixed gas



K-Systems G-185

Triple gass
Integrated gas 
mixing unit
10 individual 
chambers
MonitoringMonitoring 
software

K-Systems G-185

Mini incubator: Conclusions

Integrated gas mixer
CO2 concentration in premixed gas is 
variable
M diffi lt t itMore difficult to monitor

Allow individual culture
Alternative to standard incubators



Factors affecting outcome – the laboratory

From: Textbook of assissted reproductive techniques, Gardner et al

2004/23/EC – 2006/86/EC: GMP Requirements
Volume 4 – EU Guidelines for Good Manufacturing Practice Medicinal 
Products for Human and Veterinary Use – annex 1 (feb. 2008)

Production in clean areas
Entry – changing rooms

Personnel
Goods 
Designed as airlocks
Flushed with filtered air
Separate for entry and exit desirable
Hand washing facilitiesHand washing facilities
Interlocking system
Visual and/or audible warning system

Separate areas for operation
Component preparation
Product preparation
Filling etc

Level of cleanliness
Filtered air

Clean room Classification (GMP)

Maximum permitted number of particles per m3 equal to or greater
than the tabulated size

At rest In operation
Grade 0.5 μm 5.0μm 0.5 μm 5.0μm
A 3520 20 3520 20
B 3520 29 352000 2900

Volume 4 - EU Guidelines for Good Manufacturing Practice Medicinal Products for Human and 
Veterinary Use – annex 1 (feb 2008)

B 3520 29 352000 2900
C 352000 2900 3520000 29000
D 3520000 29000 Not defined Not defined



Microbial contamination

Recommended limits for microbial contamination

Grade air sample cfu/m3 settle plates 
(diameter 90 mm)

contact plates 
(diameter 55 mm)

glove print 5 
fingers

cfu/4 hours (b) cfu/plate cfu/glove

A <1 <1 <1 <1

B 10 5 5 5

C 100 50 25 -

D 200 100 50 -

Volume 4 - EU Guidelines for Good Manufacturing Practice Medicinal Products for Human and 
Veterinary Use – annex 1 (feb 2008)

Clean room measurements

Pressure differences of the rooms (ISO 14644-1)
Air volume & air velocity
Recovery time
Temperature
Humidity
Particle counts (ISO 14644)
CFU counts (ISO 14698)

Active (air sampler)
Passive (settle plates)
Surfaces (contact plates)

VOC measurement

Cleanroom: sources of contamination



GMP – dress code

• Grade B background
• High level cleanroom
• Bunny suits, mask, gloves
• Two levels of changing rooms, from street to C, from C to B
• Hermetically sealed pass-troughs for specimens

• Grade C background
T it i i t d k h i d b i d d• Trouser suit covering wrists and neck, hair and baird covered

• Changing room 
• Hermetically sealed pass-troughs for specimens

• Grade D background
• General protective suit, hair and baird covered

Clean room: Prevention

Limit
People
Activity
Material

CleaningCleaning
Desinfection

Fertisafe™ can be safely used in IVF laboratories, 
as it was proved to be an effective decontamination 
solution while being non-toxic for gametes and pre-
implantation embryos. Janssens R, ESHRE 2007.

Isolation of product from environment: Class II 
satety cabinets



Class II

Class II biosafety cabinet and IVF: temperature effect

Period 1
(18/06/2007 – 13/09/2007)

Period 2 (14/09/2007 –
31/10/2007)

Standard 
OPU room 

New OPU Standard 
OPU room 

New OPU 

Equipment Horizontal Class II IVF Horizontal Class II IVF 

Pickering S.J., Braude P.R., Johnson M.H. et al. (1990)

Transient cooling to room temperature can cause irreversible disruption of the meiotic
spindle in the human oocyte. Fertil Steril, 54, 102-108.

LAF cabinet workstation LAF cabinet workstation

+ hCG/OPU 39.8% 34.6% 41.1% 47.4%

Class II IVF workstation switched off 
and temperature adjustement!

Conclusions

Clean room technology might be required for 
new laboratories

Air quality requirements may compromise 
IVF pregnancy rates



Factors affecting outcome – air quality

From: Textbook of assissted reproductive techniques, Gardner et al

VOC 

• Prevention - Elimination of known/possible sources
• Alcohol - disinfectants
• Anesthetic gasses

• Detection
• Capturing - Cryo concentration - Gas Chromatography (GC) -

Mass Spectroscopy (MS) - Adsorbent tubes (aldehydes) -
High performance liquid chromatography (HPLC)

• ACS badge
• Eco sensor
• VOC meters

• Removal
• Active charcoal absorption
• Oxydation (Potassium permanganate)
• Photo-Catalytic Oxidation

HPLC - Alpha Environmental 
(www.alphaenvironmental.com)

Summa  canister (6l – 24h sampling) ~ 1800$
Test for 61 toxic organics 
TO-11 test tube for aldehydes
Detection limits 1 µg/m3

Compare to other laboratoriesCompare to other laboratories



Advanced Chemical Sensors (www.acsbadges.com)

Eco sensor C-21

Permanent monitoring – 80 dB alarm

4-20mV connection



VOC Meter

• High sensitivity: detection limit: 0.1ppm – 0.1 ppb

• Handheld - pin-point the source of VOC

• Screening of equipment and consumables 

• Stores data – download to PC

Removal: filtration

• Active carbon - HVAC (expensive)

• CODA filters (active charcoal –

permanganate)

• Laboratory air (effectiveness in clean 

room?)

• Gas lines

• In incubators

Incubator Filters - Prospectively Randomized Study

Mayer JF, Nehchiri F, Weedon VM, Jones EL, Kalin HL, Oehninger SC, Toner JP, Gibbons WE, Muasher SJ 
(1999) Prospective randomized crossover analysis of the impact of an IVF incubator air filtration svstem (Coda. 
genX) on clinical pregnancy rates. Fertil Steril 72, Suppl 1, S42.



Photo-Catalytic Oxidation

CO

CO2 + H2O

NxO

Z-IVF AIRe

Active Carbon Filter + potassium 
permanganate

HEPA filtration removes particles 
>0 3µM>0,3µM

Photo-Catalytic Oxidation: converts 
toxic compounds into CO2 and water

Ultraviolet light

Factors affecting outcome – the future?

From: Textbook of assissted reproductive techniques, Gardner et al



The “growing“ Challenge Today

Increasing regulatory demands - Implementation of 
new requirements/standards 
Implementation of clean room technology in IVF
Isolation of product from environment
Class II LAF is not compatible with accurate 
temperature controletemperature controle
VOC levels
pH - temperature control outside incubator is 
suboptimal

The future: - Controlled work environment –
isolators?

Integration of functions: workbench – incubator –
microscopes
37°C – CO2 (O2)regulated – humidification
Enclosed box = improved environmental control 
(Temp/pH/pollutants/microbes/particles)
EU directives compliantEU directives compliant

Cellcura

K-Systems

Ruskin Active
Vitrosafe

Ac-tive® IVF System: Defined
AAssisted CConception TTotal IIn VVitro EEnvironment

Temperature and humidity control
O2 and CO2 control
HEPA - VOC filtration
Integrated microscope with Cronus 
embryo analysis software
IVF Witness

Access through especially designed 
glove ports that do not allow any gas 
to escape 

From oocyte retrieval to 
embryo transfer in a single 
workstation

Modular



Vitrosafe isolators (Newcastle centre of Life)

Vitrosafe UZ Brussel proposal

The team

Sarah Baes, 2001 
Kwaliteitszorg: methode- en toestelvalidatie 
binnen een IVF laboratorium, 

Annelies De Bisschop, 2007 
Controle en optimalisatie van cultuurcondities in 
IVF,IVF, 

Romy Souffreau, 2008
Validatie van de G185 en Biostation CT 
incubatoren in de reproductieve geneeskunde 


