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Minimize In Vitro Stress

• Improper lab conditions lead 
to environmental stress
• Can compromise cell function 

and development

• Especially sensitive cell types

• Consideration of gamete/ 
embryo physiology can help 
combat stress

• Proper lab design and QC also 
instrumental
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Laboratory Design

• Consideration of room layout and workflow
• Proximity of lab to other clinical areas (OR, transfer rooms)

• Dedicated space for andro/endo

• Location of equipment in the lab

• Collection rooms (2+)

• Cryo storage room

• Gas storage room

• Supply storage area 

• Office space

Practical considerations based on budget, space and workflow



Laboratory Design

• Proper building materials
• Low VOC

• Insulation
• Paint
• Flooring/adhesive
• Cabinets

• Sealed – positive pressure
• Limit penetrations
• Doors, sweeps, etc

• Proper lighting
• Incandescent, LED, dimmable

• Backup power
• Dedicated HVAC

• Isolated & cleaned duct work
• Air exchanges 
• Proper filtration
• Maintain temp and humidity

Requires careful & constant oversight to verify



Burn-In & Validation

• Clean walls, ceilings, floors, cabinets/counters

• Clean equipment  (incubators)
• Peroxide, etc

• Increase temperature for period of time
• Room and incubators

• Run HVAC and incubators for ≥ ~2 weeks

• Validate
• Particle counts, VOCs

• Monitor/”Dial-in” equipment (proper functioning)

• Appropriate bioassay (1-cell MEA)

Document the “commissioning” of the lab



Fact vs. Fetish vs. Common Sense

Do we have data to support these suggestions?



Air Quality & IVF Outcomes

• Several anecdotal accounts of changes  in air 
quality coinciding with decreased outcomes
• Fertilization, embryo development, pregnancy, 

implantation, abortion rates

• Has a dramatic impact when it comes to the design 
and construction of an IVF  lab

Are there published data to prove air-quality impacts outcomes?



External Events & Clinical Pregnancy Over 3 Yrs

LifeAire Website





Air Quality & IVF Outcomes?

Cohen et al. 1997



Gas Cylinders & VOCs

Cohen et al. 1997



Plasticware & VOCs

Cohen et al. 1997



Incubators & VOCs

Cohen et al. 1997



Air Quality & IVF Outcomes?

Cohen et al. 1997

Verification of VOC levels during this time?
Were VOCs gone in all spaces by July 7?



Aldehydes & Embryos

Relevant with oil overlay? Hall et al. 1998



No other factors changed?



Cleaning of Lab Air

• Methods exist to clean air and reduce VOCs
• Centralized units
• Free standing towers
• Incubator units
• Gas line filters

• Various approaches
• HEPA
• Positive Pressure
• Activated carbon
• Photocatalytic oxidation
• Potassium permanganate

• Various companies with a focus on the IVF lab



Before Air Filter Use

After Air Filter Use

Impact of  Lab Air Filtration on IVF Outcomes?

LifeAire Website
Caution in interpretation required





Air Filtration and Outcomes

• Existing HEPA, activated carbon, 4 CODA units, inline gas 
filters (TT1; April-May 2011)
• Changed carbon filter (TT2; May-Aug 2011)

• Added a new filtering  system (TT3; Aug-Oct 2011)

• VOCs sampled during different times
• TT1- Unclear how long filters were in place  before sampling
• TT2- 16 days after filter change
• TT2- 8 days after install

• Found changes in VOC levels between TT1, TT2, TT3
• Not all VOCs decreased
• Higher levels of formaldehyde & others in incubator at TT3



Air Filtration and Outcomes

a a
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Were VOCs measured? Other explanations?
Other studies indicate no benefit McLellan et al. 2001; Battaglia et al. 2001; Higdon et al. 2008



Can air quality be isolated as the causative factor?

• Were VOCs measured in the “pre” time period
• Hard to pinpoint an event as a cause of poor air quality, especially in a 

large city

• Was air filtration system the only variable changed?
• No other lab improvements?

• No differences/trends in staff?

• No new culture items (dishes, media, incubators)?

• No new clinical staff or variables (stims, etc)?

• “Post” air quality to confirm variable was changed
• Could still have poor air quality from items within the lab off-gassing, 

printers or other sources within the lab, gases/incubator VOCs

What are relevant values?



Common Sense Air Quality

• Air quality/VOCs likely impact embryo development

• Prudent to take preventative measures (Standard of care)

• HVAC VOC filtration
• dedicated, proper intake placement , # exchanges, filters, etc

• Inline gas filters

• Appropriate design & building materials

• Burn-in & off-gassing before use



IVF Lab Air Quality Requirements



Light and the IVF Lab

• Common recommendations include 
specific lighting or limiting lighting in 
the IVF lab
• Use of incandescent bulbs or UV sleeves

• Concern from some about windows in 
the IVF lab and possible damaging 
effects of light

Are these concerns based on data?



• Fluorescent light 6inches 
above rabbit embryos

• Red light filters reduced 
damaging effects





Light & Embryo Development

Oh et al. 2007

Intensity is important



Light & Embryo Development

Oh et al. 2007

Wavelength important
Blue light damaging – red filter helpful



Embryos & Light

• 1-cell rabbit embryos appear to be more sensitive to light than 
morula, as evidenced by reduced thymidine incorporation (Schumacher & 
Fischer 1998, Fischer et al. 1998)

• 1600 lux fluorescent light – 1hr
• did not control for incubator effects

• 2-cell mouse embryos showed no impact after exposure to fluorescent 
light – development to blast (Kruger & Stander 1985)

• 2900 lux fluorescent light- 30min
• Did not control for mice/embryo quality

• Mouse oocytes showed no impact after exposure to incandescent 
light-normal development and live birth (Barlow et al. 1992)

• 4000 lux – 1, 2, 4 hrs

• GIFT laproscopic procedures performed using a Xenon light with 
higher UV sprectra yielded fewer pregnancies than using a Halogen 
light (Evans et al. 1999)
• -no way to verify the light was the cause



Light Intensity & Source

Microscope Ottosen et al. 2007



Light & Embryo Development

• Negative impact of light shown in rodent species
• Hamster, mouse, rabbit

• Reactions with media?
• Phenol red (Nakayama et al. 1994)

• Riboflavin, HEPES (Zigler et al 1985)

• Peroxidation of oil?
• Sunlight, UV (Otsuki et al. 2007)

• Direct impact on embryos (Daniels 1964)

• Embryo DNA damage (Takahashi et al. 1999)



Light and the Lab

• Most recommend dimmable overhead lighting
• Incandescent or LED, UV sleeves on fluorescent?
• Ensure proper mounting for positive pressure

• Dim microscopes or use filters (red)
• LED lights on microscopes (heat, longevity)

• Windows likely OK
• Blackout shades
• Isolate incubators & working areas
• Bigger issue is impact on HVAC system and temp
• Maintenance and lab security



Incubators

IVF specific incubators to improve growth conditions

http://us.sanyo.com/ImageHandler.ashx?mediaID=32984&amp;mediaFormatID=1
http://us.sanyo.com/ImageHandler.ashx?mediaID=32984&amp;mediaFormatID=1


Many considerations for incubator selection and operation



Incubator Comparisons

Several variables not controlled

Reference Incubators 
Compared

Environmental
Outcomes

Clinical Outcomes

Cooke et al. 2002 MINC vs. Forma 
(water jacket, TC)

Faster temp 
recovery in MINC

Fujiwara et al. 
2007

MINC vs. Astec
(water jacket, TC)

Faster temp and O2
recovery in MINC. 

More “good” blasts 
15 vs. 8%

Lee et al. 2010 MINC vs. Forma
(water jacket, TC, high O2)

Faster temp, 
humidity and CO2 
recovery

Higher fert in MINC
No diff in day 3 or 
blast formation

Cruz et al. 2011 Embryoscope vs. 
HeraCell (high O2)

No diff in blast rates 
or pregnancy

Kirkegaard et al. 
2012

Embryoscope vs. 
Galaxy R (high O2)

No diff in embryo 
quality or 
preg/implantation 
rates



Incubator Features

• Features to consider when selecting a new incubator
• CO2 Sensor (IR vs. TC)

• O2 sensor (Zirconium vs. Galvanic)

• Gas mixer or premixed gas supply 

• Water jacket vs. air jacket vs. direct heat

• Humidity vs. none

• Other (internal fans, internal HEPA, UV, etc)
• Recirculation of incubator air through filters

• Size/capacity

• Cost



Incubator Management

• Use adjuncts to improve growth 
conditions in box incubators
• Inner doors

• Temp plates

• Air filters 

• Limit on patient #
• Based on daily/weekly use          

(not annual)

Newer incubators still require proper use 

8 patients vs. 2-4 patients



Incubator Management

• A mix of incubators is practical in the modern IVF lab
• Larger box-type incubators for sperm swim-up and dish 

equilibration, FBTs, isolation conditions, cameras

• Smaller benchtop units for extended embryo culture

Eeva™Primo Vision™



Layout/Workflow

• Placement in low traffic area

• Avoid placement under air vents

• Proximity to assessment area



Low Oxygen & Embryo Culture

• O2 levels in the female reproductive tract 
are ≤8%
• Atmospheric O2 ~21%

• High O2 may result in increased oxidative 
stress 
• apoptosis, membrane damage, DNA damage, 

altered gene expression & epigenetics

• Low O2 improves embryo metabolism

• Low O2 may improve air quality?
• Filtered N2 instead of air

Are there any publications where low O2 decreases embryonic 
development or other measured parameters? NO!



Low O2 & Human Embryos

• Dumoulin et al. 1995 Fert Steril 63:115-119

• Dumoulin et al. 1999 Hum Reprod 14:464-
469

• Dumoulin et al. 2000 Hum Reprod 15:402-
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Low Oxygen Approaches

 Nitrogen Supply Options
 Compressed gas cylinders

 Single gas 

 Premixed 

 Liquid nitrogen

 Nitrogen Generator

Advantages/Disadvantages to each



Gas Supply

Numerous dedicated outlets

Type of gas lines to use?

Step-down regulators



Numerous discussions on type of piping/tubes to use for incubators
Specific concerns with copper



Copper & Embryo Development

• 2-6ug/ml Copper added to bovine IVM improved 
blastocyst development and cell # (Picco et al. 2012)

• 0.46-0.68mg/L Copper added to culture media 
improved bovine morula and blastocyst formation     
(Gao et al. 2007)

• 100uM Copper inhibited mouse embryo 
development (Vidal and Hidalgo 1993)

• 0.00005M Copper addition to media lead to rabbit 
blastocyst degeneration (Verdugo et al. 1981)

• >~0.00001M Copper may impair fluid transport in 
rabbit blastocysts (Cross 1973)

Are these relevant?



Copper & Toxicity?

• Copper sulfate concerns with moisture in lines?
• Inline gas filters to address

• Numerous humidified copper lined incubators exist
• No apparent issues

• Antimicrobial properties (Borkow & Gabbay 2005)

• Avoid soldering?





Tubing Types





Gas Supply

• Types of gas lines
• Stainless steel

• Copper (braized, not soldered)

• Tygon

• Factors to consider
• Cost

• Security

• Permeability

• toxicity



Summary

• Conclusive proof for IVF lab design is often lacking

• Many IVF lab design recommendations are 
common-sense approaches

• Better to err on the side of caution

• Constant oversight required to ensure proper IVF 
lab construction
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