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In this article, we will share the tips

and tricks of Kathy Miller when con-

sidering single blastocyst transfers.  In

the following article, Kathy provides

insights from her experiences with

single blastocyst transfers;  one of her

key success factors is utilizing one

source for all the media and reagents

to reduce shock to the embryo 

induced by exposure to different base components, buffering systems

or pH culture requirements. Her recommended choice of culture media

is SAGE In Vitro Fertilizaton. 

Kathleen Miller is the Vice President of Laboratory Services for

MedTech For Solutions, a full-service healthcare consultant company

focusing on the Assisted Reproduction Technology (ART) laboratory

market. They offer strategic tools, innovative solutions and cutting-

edge technology to meet the specific needs of the ART center. 

She is currently the Laboratory Director at Vancouver’s Genesis 

Fertility Centre.  The facility is dedicated to providing single embryo

transfer therapy to patients undergoing IVF treatment.  Previously, she

was the Director of the Embryology Laboratory at Reproductive Med-

icine Associates of New Jersey and prior to that, the joint program at

Southeastern Fertility Center, the Medical University of South Car-

olina, and the University of South Carolina School of Medicine.  The

author of more than 100 abstracts and papers on fertility and assisted

reproduction technologies, Ms. Miller is well known for research ad-

vances in the field of blastocyst culture and transfer and pre-implan-

tation genetics.

She is board certified in the disciplines of embryology and andrology.

She is currently working on her PhD in global health science at 

Nova Southeastern University in Fort Lauderdale, Florida.  A former

president of the College of Reproductive Biologists (CRB) a subdivi-

sion of American Association of Bioanalysis (AAB), she is still an 

active member and serves on many committees of ASRM, ESHRE

and AAB.

Single Blastocyst Transfer: 

The results are in the details

Blastocyst transfer facilitates the selection of good quality embryos

and has been reported to generate high implantation rates while 

lowering multiple gestation rates following IVF.  In addition, the num-

ber of blastocyst-stage embryos

transferred are lower than earlier

stages thereby reducing the risk

of higher order pregnancies.

Over the last decade, numerous

IVF centers1-4 have demon-

strated an increase in implanta-

tion rates for both selected and

non-selected patient groups

using blastocyst-stage rather than day 3 embryo transfer.  IVF treat-

ment of selecting and transferring only one blastocyst embryo (elec-

tive single embryo transfer, or e-SET) can virtually eliminate the

twinning rate associated with a two-blastocyst embryo transfer while

maintaining equivalent pregnancy rates. 5,6

The limiting factor in every IVF laboratory is the ability to grow 

“viably competent” embryos. With increasing emphasis to place fewer

or a single embryo in patients, the IVF laboratory needs to maintain a

culture system and environment that can sustain consistent yields of vi-

able blastocysts. There are contrasting opinions on whether a less-than-
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expected outcome in the in vitro progression of day 3 embryos to high

quality blastocysts is prognostic of intrinsic oocyte or sperm factors,

stimulation issues, embryo development issues, or a sub-optimal 

culture system. Some clinicians prefer to perform a day 3 Embryo

Transfer, which could reflect their concern that the blastocyst culture

system utilized in their laboratory may in fact be sub-optimal. 

How can the IVF laboratory maximize the development of viable 

blastocyst embryo and confidently and routinely perform single blas-

tocyst transfer?  First, the IVF laboratory design should reflect a 

controlled environment imitating in vivo conditions for the collection

and culture of oocytes, sperm and embryos 7.  Second, the culture 

system used in the IVF laboratory should be designed to meet the 

various and diverse needs of an embryo to develop in vitro and avoid 

unnecessary stressors to the embryo. When an embryo is stressed in

culture, the embryo may grow

slowly and fail to progress to the

blastocyst stage. Additionally,

blastocyst embryos produced

under stress may have altered

metabolism, gene expression,

and imprinting, reduced viability,

and inability to implant.8 Third,

the laboratory’s culture system which includes the environment, equip-

ment, culture media and technical staff performance are significant

factors for success. The system’s utilization should be habitually 

scrutinized to evaluate its ability to create a cohort of viable blasto-

cyst embryos capable of producing live births in both fresh and sub-

sequent frozen cycles.  Finally, avoid the impulse to introduce

something new into your culture system to overcome the inability of

your culture 

system to produce viable blastocysts.  Instead of implementing new or

different media, oils, supplements, incubators, dishes, and/or gases,

focus on reducing stressors that may be influencing the ability of your

culture system to produce the most viable blastocyst embryos.  The

results are in the details: frequently what is considered some of the

most insignificant minutiae of culturing embryos can collectively 

contribute to the success of developing viable blastocyst embryos and

performing eSET routinely.

What details are important?

Use of a culture media system designed for 

blastocyst culture

The composition of culture media used in the IVF laboratory has

evolved over recent years with the increasingly prevalent usage of 

"sequential culture media systems.” These systems comprise a range

of media and buffers designed

to provide optimized support to

each stage of the IVF process,

from oocyte isolation through

fertilization and embryo cleav-

age out to the blastocyst stage

of development.9 Although

many publications report the

ability of embryos to grow to the blastocyst stage in a wide variety of

culture media systems, the ability of those blastocyst embryos to im-

plant and produce a live birth is significantly dissimilar among differ-

ent culture conditions.10-12 Great care should be taken to select and

validate a culture media system that produces highly competent and

implantable blastocyst embryos.  Once a culture system is employed,

the laboratory should utilize all the media and reagents consistent with

one vendor in an attempt to reduce shock to the embryo induced by the

introduction of different base components, buffering systems or pH

culture requirements.

Maintaining thermal stability

Thermal control is one of the most important culture system variables

in the IVF laboratory requiring close attention and management.

Oocytes and embryos are particularly sensitive to alterations in 

temperature.  Temperature fluctuations have been known to disrupt

spindle and chromosomal organization of human oocytes and cause

chromosomal abnormalities of embryos developing from those

oocytes.13-16 Although 37ºC is the widely accepted tolerance limit for 

culturing human embryos, the optimal temperature is still debated and

many investigators are still researching the best temperature range for

embryo culture performance and

outcome. 17,18 Several IVF labo-

ratories are reporting increased

pregnancy rates when embryos

are exposed to, manipulated and

cultured in thermal environments

between 36.5 and 36.9 º C.16,19

The IVF laboratory should use

equipment with a steady temperature profile because incubators,

warming surfaces and devices are prone to drift in and out of calibra-

tion during normal operation.  Equipment with a thermal component

should be monitored with an external measuring device with a meas-

urement sensitivity of at least + 0.2 º C accuracy.19-21 Additionally, the

“Choose a reliable
sequential media 
system capable of 

producing high 
quality blastocyst 

embryos.”

“Thermal control 

is one of the most 

important culture 

system variables.”



actual microenvironment the oocytes and embryos are manipulated

and cultured in should be monitored for thermal stability given that

the actual temperature of the heated surface is not reflective of these

microenvironments.  Most designs of the disposable culture dishes do

not allow the base of the dishes to come into direct contact with the

heated surface due to an air gap.  Since air is a poor conductor of heat

and reduces efficiency of heated surfaces, the actual microenviron-

ment to which the oocytes or embryos are exposed to is cooler than the

observed temperature of the heated surface.  Because temperature loss

occurs rapidly and is related to the amount of time a culture dish stays

out of the incubator, manipulating and observing oocytes and embryos

in a temperature- and gaseous-controlled closed environment, such as

an isolette chamber, may contribute to more competent embryos.22-25

Likewise, having an inadequate number of incubators will result in ex-

cessive door openings and fluctuations in the thermal and gaseous

phases of the incubators.21, 25, 26 If at all possible, separate incubators for

media equilibration and embryo culture should be used in the labora-

tory to minimize the embryos exposure to unnecessary door opening.

Several studies have shown that an incubator’s inability to maintain

sufficient thermal and gaseous state control or recovery times of 

either state can affect the ability of embryos to develop and maintain

their competency.27, 28 A new generation of micro-incubators (0.3 cubic

feet) is now available to use for embryo culture and have been reported

to have temperature, humidity and CO2 recovery times up to fifteen

times faster than traditional large volume 6.5 cubic feet incubators.21,29

On the horizon, incubators are being developed with time-lapse image

capture capabilities that allow for the dynamic and flexible scoring of

the developing embryo and allow the embryologist to review analyze

embryos throughout their development without removing them from

their incubator environment.30, 31

Maintaining pH stability

Over the past decade, the opti-

mization of culture media systems

has focused on emulating the in

vivo environment as closely as

possible to the oocyte and 

embryo’s specific stage of devel-

opment.9 It is now evident that

throughout the developmental

processes, human oocytes and embryos not only have different chem-

ical and nutrient requirements, but physical ones as well. Increasing at-

tention is being made to determine and validate the optimum pH values

needed to culture oocytes and embryos through the different steps of

the IVF process. Several studies have demonstrated that oocytes and

embryos require culture environments equilibrated at dissimilar pH

values.32-33 Typically, oocytes undergoing conventional insemination

need a more basic milieu around 7.3-7.4, and several studies have

shown in both animal and human models that fertilization rates are

compromised if the pH of the fertilization medium falls below 7.2.9, 34

Data has also shown that cleavage stage embryos develop better when

the pH values of cleavage embryo-specific culture media is at 7.2 and

equally cleavage stage embryos develop into higher quality blastocysts

when the extended culture medium is at 7.3. 9, 19, 35-36

The embryologist is not only faced with the challenges of deciding the

target pH that provides the highest fertilization and embryo 

development rates, but maintaining

the environment to stabilize pH and

reduce the fluctuations of pH that

may induce stress to the 

developing embryos. Minor

changes in pH can disrupt many in-

tracellular metabolic processes in

the embryo.37-38 Although the

dogma that overexposure of oocytes and embryos to HEPES-buffered

media is toxic is still unrefuted, most embryologists shy away from

using bicarbonate-buffered media for all oocyte and embryo manipu-

lations and culture due to the difficulty of keeping these media pH-

stabilized outside of the incubator.39 As previously discussed, the usage

of a temperature and gaseous controlled closed environment, such as

an isolette chamber, can allow the oocytes and embryos to be manip-

ulated and observed in bicarbonate-based media, reducing or alleviat-

ing the toxicity concerns related to using media containing

non-bicarbonate buffering systems.

The correct application of a culture media system requires the use of

a special environment that is at the very least enriched with carbon 

dioxide, humidity and temperature and maintained in appropriate 

culture vessels. Medium is a dynamic entity that reacts to its climate

and atmosphere. Although commercial vendors of culture media have 

recently been formulating their media products to specific pH values, 

embryologists are still reluctant to fine-tune the CO2 concentrations in

their incubators to obtain the most precise pH levels.40-41 pH should

never be adjusted by any other means than titrating CO2 levels in the

laboratory’s incubators. Directed daily management of pH values is

essential to obtaining the highest outcome levels in the embryology 

laboratory since every laboratory’s environment is different due to

many parameters: for example, incubators and other equipment, 

“Directed daily 

management 

of pH values is 

essential. . . ”
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culture media, plasticware, temperature, humidity, and/or altitude.

Appropriate application and equilibration 

of culture media and dishes 

Today the culture of embryos in vitro has evolved into the placement

of oocytes and embryos into mi-

crodroplets of culture media

overlayed with culture oil to pro-

tect against changes in tempera-

ture, humidity and pH. Although

an oil overlay is an essential pro-

tective and supportive element to

an embryo culture system, cul-

ture oil in 

tandem with plasticware are the least defined components used in 

embryo culture systems and usually are the source of toxins in the cul-

ture systems which can disrupt embryo development.42

Even though commercially available materials usually arrive with de-

tailed quality control specifications outlining endotoxin levels, pH, os-

molality, sterility, and results of a bioassay, IVF laboratories should

still conduct their own independent appraisal of materials using set

quality control guidelines.43-50 Confirmation of osmolality and pH of

culture media will verify the accuracy of the media preparation process

and should be evaluated before media usage.  The implementation of

several different validation procedures of laboratory materials will de-

crease variation in gamete and embryo development and should suc-

cessfully avert a total collapse of the culture system.   

Culture medium is not inert and reacts rapidly to the climate and 

atmosphere of its surroundings.  Great care should be taken when 

storing and handling all media solutions used for culturing embryos in

the IVF laboratory.  Media should be utilized within the manufacturer’s

reported expiration date and stored refrigerated until usage.  Culture

media should be opened using aseptic technique in a laminar flow hood

and used within 5 days of its first opening. Each patient should have

their dishes prepared individually and no more than two microdroplet

culture dishes should be prepared at one time to avoid evaporation of

media during dish preparation and excessive outgassing of CO2 from

the medium and oil overlay if these two componets have already been

partially equilibrated with a CO2 atmosphere.

Embryo culture strategies are diverse and there is no consensus or 

standardization of culture dish type, open or oil system, media or oil

volume and embryo density within the media volume.  A culture strat-

egy should be chosen that provides and maintains the most stable en-

vironment of temperature, humidity and pH, is simplistic in function,

and develops and supports the most competent embryos. Prior to plac-

ing any oocyte or embryo into a culture, culture dishes containing any

type of media should be pre-equilibrated for temperature and if bicar-

bonate-buffered media are utilized for pH. Equilibration times should

be at least 4 hours, although a recent study demonstrated that an 8-10

hour equilibration window was needed to stabilize target pH in cul-

ture dishes containing 50 uL microdroplets or 500 uL of culture

medium overlayed by culture oil 51. Culture dishes containing culture

media without oil overlay equilibrated in one hour. Equilibration times

should not exceed 18 hours, as the degradation of amino acids, protein

sources, vitamins and the antibiotics will begin. Embryos should be

changed into fresh medium every 48 -72 hours to counteract this break-

down of media components.

When using a bicarbonate-buffered

media system it is essential to 

minimize the amount of time a cul-

ture dish is out of the heated

gaseous humidified incubator envi-

ronment. Temperature loss occurs

rapidly and is related to the amount

of time a culture dish stays out of

the incubator. Several studies have

shown rapid de-equilibration of both temperature and pH after removal

of culture dishes from the incubator and slow re-equilibration. 21, 51-52

These differences are due to the relative magnitudes of the differential

CO2 contents between the equilibrated medium and air and between the

incubator's atmosphere and the partially out-gassed medium. 52

Appropriate manipulation of zygotes and gametes 

Oocytes and embryos are extremely sensitive.  Rough handling of

oocytes and embryos during their processing can cause irreparable

damage.53 Shear stress over 1.2 dyn/cm2 has been reported to cause

lethality within 12 hours to blastocyst embryos.54 Using a pipette that

is too narrow or with a jagged edge can also cause damage to the

oocyte or embryo.55  The diameter of the pipette should be slightly

larger than that of the oocyte (approximately 130–175 μm), the cleav-

age embryo (175 μm) or the blastocyst embryo (275-300 μm). 

Minimizing embryo observations

Many studies have illustrated a positive correlation with implantation

Culture medium 

is not inert and 

reacts rapidly to 

climate. . .
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rates when embryo morphologi-

cal appearances and rate of em-

bryo development are used in

tandem to select the highest

quality embryos for transfer.56-59

Despite the development of

these more sophisticated embryo

grading systems, the majority of

IVF laboratories worldwide are

unable to define and or trace

with certainty the embryos that create live births.  Thus, the embryos

in their laboratory may be subjected to unnecessary observations that

generate data never used conclusively to select the embryos with the

greatest potential to cause a live birth.  Studies have shown that im-

provements in IVF outcome with respect to embryo quality, cryop-

reservation rate, and possibly implantation rate, may result from

reduced embryo observations, which contribute to the increased stabi-

lization of the culture environment.60-61

Are single blastocyst embryo transfers a reality?

Faced with the possibility of transferring only one embryo in the future

due to elective or regulatory pressures attributed to the concerns 

regarding multiple pregnancy rates, many IVF programs are 

integrating blastocyst embryo transfer into their clinical therapy due to

the higher implantation and pregnancy rates.57,62-63 The potential 

disadvantage of committing to an aggressive blastocyst culture and

transfer philosophy is the possibility that the patient will have no blas-

tocyst embryos for transfer.63 The laboratory should have in place func-

tional quality assurance and improvement programs that enable the

monitoring of key laboratory

performance indicators. To

successfully culture blasto-

cyst embryos that will have

high competency, utilization

and implantation rates, and

give the clinician and the pa-

tient the confidence to trans-

fer only one blastocyst, IVF

laboratories must be able to

detect laboratory variations beyond usual and accepted before the re-

sults manifest into a less than desirable clinical outcome.64 As more

IVF laboratories move forward in their pursuit of improving success

rates and lowering multiple births by transferring fewer, more compe-

tent embryos, attention to fine detail and monitoring relevant laboratory

indicators will assist the laboratory in integrating  crucialtreatment 

options for patients. 

A SAGE interview with Kathleen Miller

When was the first time you used SAGE Media and 

why do you prefer SAGE over other IVF media?

I have been using media formulated by Dr. Quinn in my laboratories

for over twenty years.  Dr. Quinn has been a mentor and sounding

board for me as I have developed my embryo culture systems through-

out my career in clinical embryology.  SAGE IVF Media consistently

produces high quality embryos cost effectively.  In addition, SAGE is

always open to suggestions on how to improve their media or develop

complimentary products to enhance your laboratory’s culture system.

One of the positioning points for using SAGE is its

quality and consistency of media.  Do you find this to

be true and do you have any examples you can share?

One of the key features I look for when considering media for Single

Blastocyst Transfers is the consistency of the media to produce the

highest quality of blastocyst.  As part of my laboratory quality assur-

ance program, we look at lot-to-lot consistency by assessing develop-

mental rates, pregnancy rates and implantation rates.  From my

experience, SAGE Media has no variability from lot-to-lot and consis-

tently produces high quality embryos.

Out of the array of SAGE products, what is your 

favorite product to use and why?

The Quinn’s Advantage Protein Plus Media line due to its ready-to-use

application and its ability to produce high quality embryos. 

Is there a specific tip or trick you use when 

using the SAGE Media?

Measuring the pH levels of the media in the setting of its usage and

adjusting incubators to achieve the optimal pH level for the production

of the highest quality embryos.

If you had one thing to say about SAGE, if you were

presenting the media to another clinic, what would

resonate with the other clinic the most?

“Determine the 

target pH... 

Fine tune the CO2... 

Only adjust pH 

valves by titrating 

CO2 levels.”
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An easy-to-use media product line that consistently produces high qual-

ity embryos for transfer and cryopreservation.

The details…

� Choose a reliable sequential media system capable of 

producing high quality blastocyst embryos.

� Choose a culture strategy that provides and maintains the 

most stable environment of temperature, humidity and 

pH, is simplistic in function, and develops and supports 

the most competent embryos.

� Use all the components of the manufacturer’s sequential 

media system.  Do not interchange media components 

between vendors.

� Understand your laboratory’s environment with regards 

to equipment, temperature, humidity and/or altitude.

� Remember that thermal control is one of the most 

important culture system variables in the IVF laboratory 

and requires close attention and management. 

� Determine the thermal tolerance limits for culturing 

human embryos in your laboratory. 

� Use equipment with steady temperature profiles because 

incubators and warming surfaces and devices are prone to 

drift in and out of calibra-

tion during normal operation.

� Use temperature and 

gaseous-controlled closed 

environment equipment, 

such as an isolette 

chamber, as much as 

possible.

� Have a sufficient number 

of incubators to limit 

excessive door openings 

and fluctuations in the 

thermal and gaseous 

phases inside incubators.

� Use separate incubators for media and dish equilibration.

� Determine the target pH, which provides the highest 

fertilization and embryo development rates.

� Fine-tune the CO2 concentrations in your incubators to 

obtain the most precise pH levels.

� Only adjust pH values by titrating CO2 levels in 

your incubators. 

� Directed daily manage-

ment of pH values is essential

to obtaining the highest

outcome levels in the embry-

ology laboratory. 

� Implement several 

different validation levels 

of laboratory media, 

reagents and contactware 

to decrease variation in 

gamete and embryo 

development and prevent poor perform-

ance 

outcomes.

� Use culture medium 

within manufacturer’s specifications. Culture media 

should be stored properly and used aseptically.

� Culture dishes should be made no more than two at 

a time.

� Pre-warm and pre-equilbrate culture media and dishes 

prior to placing any oocyte or embryo into a culture. 

Equilibration times should be at least 8-10 hours, not 

to exceed 18 hours prior to use.

� Limit the amount of time a culture dish is out of the 

heated, gaseous, humidified incubator environment.

Temperature loss occurs rapidly and is related to the 

amount of time a culture dish stays out of the incubator.

� Oocytes and embryos are extremely sensitive.  Rough 

handling of oocytes and embryos during their processing 

can cause irreparable damage. 

� Reduce embryo observations.

� Implement a system to interpret the true meaning of 
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quality assurance data and apply the information 

methodically towards laboratory improvement and 

optimization.
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