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ART successful outcome: birth of a healthy child

Single ET and Single FRET avoiding multiple pregnancies

Optimal embryo selection for transfer and 
cryopreservation

◦ Which, how, when and why?

Clinically relevant questions

◦ How many healthy live births are obtained from one
stimulation cycle?

◦ How many stimulation cycles are necessar for a patient
to give birth to one healthy baby?
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The IVF lab and the challenges of the 21st century

Single embryo transfer avoiding multiple pregnancies

Two roads

Ecological clinical embryology?
◦ Transfer embryos early D2/D3
◦ Embryo Selection?

Blastocyst transfer?
◦ Benefits of blastocyst culture and ET
◦ Extended culture?
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ART  research topics

Genetics

Endocrinology

Implantation (embryo/endometrium cross-talk)

Follicle biology

Molecular embryology

Clinical embryology

….
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Outline of the presentation

Based on thoughts, reflections, observations, evidence,  
stimulate research….

• Extended culture to the blastocyst stage: gold standard in IVF?  
What are the arguments pro/con?

• What hinders the full introduction of extended culture in IVF 
labs?

• Human embryo culture : where to go? Here to stay?
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Benefit of blastocyst culture and ET

◦ Factors related to implantation

◦ Provide a mechanism of self-selection of the viable
embryos

◦ Improved live birth rates

◦ PGD - PGS

Reasons for choosing extended culture
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◦ Factors related to implantation (1)

Synchronization of embryo and uterine development

Bovine: blastocyst transfer is routine, highly successful
and the only viable option because cleaved embryos
cannot survive the bovine uterine environment 
(Thompson and Peterson, 2000)

Human: First IVF pregnancy = blastocyst transfer, 
blastocyst transfer was and is not universally adopted

Human embryos survive when replaced prematurely
into the uterus

Benefit of blastocyst culture and ET (1) 
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◦ Factors related to implantation (2)

Minimizing exposure to hyperstimulated uterine
environment, especially one subjected to 
superovulation and high levels of estrogen

Reduced uterine pulsativity when blastocysts are 
transferred = lower risk of being expelled (Franchin
2001)

Benefit of blastocyst culture and ET
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◦ Provide a mechanism of self-selection of the viable
embryos

Benefit of blastocyst culture and ET (2) 
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Is there still a place for cleavage-stage embryo transfer?

Can we select embryos with a high developmental potential earlier in 
development for transfer rather than wait until they develop to the 
blastocyst stage?

Time Lapse Imaging/morphokinetics?

◦ Universal algorithm based on early morphokinetics possible?

◦ Montag and Pribensky et al 2015, 2017; metanalysis

Omics (metabolomics)?

◦ Multicentre study: no benefit

Gene expression?

◦ Experimental



Time Lapse: the possibilities
• Excellent research tool to study human embryo development 
in vitro

Possible to document exact timing of different events
Possible to analyse time intervals between events
Possible to pick up “strange divisions”

• Educational: “A picture tells a 1000 words”

• Communication tool (embryologist/patient/doctor)

• Liberating the IVF lab from time restrictions

• Undisturbed development

• Quality Control (KPI’s)



Time Lapse: The restrictions

• Overbelieve!  
Factors influencing morphokinetics ( insemination method, 
culture media, incubation conditions, stimulation, age, paternal 
factors….)?

Debate as to the potential of generalized algorithms for 
embryo selection

Rubio et al: algorithm of early kinetics vs extended 
culture

• Further requirements for innovations in both optics and image 
analysis

• Cost benefit
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Benefit of blastocyst culture and ET (3)

Improved live birth rates?

Blake et al 2002, 2004, 2005, 2007
Glujovski et al 2012, 2016 Cochrane review (s)

Martins et al, Ultrasound Obstet Gynecol (2016) 
Systematic review and meta-analysis

Glujovsky et al, Fertil Steril, 2016

De Vos et al, Hum Reprod , 2016



Live birth rate per couple: Cleavage & Blastocyst transfer
(13 studies)
(Glujovski et al, 2016)



Cumulative fresh and frozen (5 studies)
(Glujovski et al, 2016)



Conclusion on the evidence

The cochrane review provides evidence that there is only a small 
significant difference in live birth rates in favour of blastocyst transfer (Day 
5 to 6) compared to cleavage stage transfer (Day 2 to 3). Cumulative live 
birth rates from cleavage stage (derived from fresh and thaw cycles) 
resulted in equal live birth rates than from blastocyst cycles, however 
lower for D5 in combination with slow freezing, higher for D5 in 
combination with vitrification. 

The evidence(s) remain(s) weak 

“Older” literature

Additional well designed RCTs are still needed before robust conclusions?
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◦ Benefit for PGD/PGS

Trophectoderm biopsy versus blastomere biopsy

Freeze all  (vitrification) and  Array CGH/Next Generation
Sequencing

Less mosaicism?

Blastocyst culture selects for euploid embryos: comparison of 
blastomere and trophectoderm biopsies. (Adler et al ,2013)

Staessen et al (2004): Women >36y 59% of top-quality cleavage
stage embryos are genetically abnormal, 35% of D5 blastocysts

Blastocyst stage: aneuploidy more common among poor quality
blastocysts. (Fragoulis et al, 2013)

Benefit of blastocyst culture and ET (4) 



What hinders the  full introduction of blastocyst culture?

◦ Costs

◦ Logistics/staff



What hinders the  full introduction of blastocyst culture?

The difficult questions (1)?

◦ Freezing of blastocysts suboptimal. 

◦ Vitrification?



Vitrification versus slow freezing (Kolibianakis et al. 2009). 

Slow freezing Vitrification P value

Huang et al. (2005) RCT 41/72 (56.9%) 68/81 (84%) < 0.0001

Kuwayama et al. (2005) PA 131/156 (84%) 5695/6328 
(90%)

< 0.05

Liebermann et al. (2006) 525/570 (92.1%) 528/547 (96.5%) NS

Bernal et al. (2008) RCT 110/145 (76%) 159/171 (93%) < 0.0001



Efficiency of vitrification of human blastocysts

Closed versus open vitrification for human blastocyst
cryopreservation: a meta-analysis (Youm et al, Cryobiology
2017)

No differences in survival, clinical pregnancy rate and live birth
rate

No difference with fresh blastocysts

Vitrification will change the picture in favor of D5 transfer and 
cumulative outcome



What hinders the  full introduction of blastocyst culture?

The difficult questions (2)?

Extended culture = stressing the embryo?

◦ Obstetrical and perinatal outcome?

◦ Health of the children born?

◦ Epigenetics?



Clinical outcome after transfer (obstetrical and perinatal )

Either congenital abnormalities, preterm deliveries, birth weight,  babies large for 
gestational age/larger Z scores

•Influence of the day of transfer (day 3 versus day 5)

• Yes: Kallen et al, 2010; Maheswari et al, 2013; Makinen et al, 2013; Zhu et al, 2014; Dar 
et al, 2014 ; Martins et al, 2016 

• No: Fernando et al, 2012; Chambers et al, 2015; Maxwell et  al, 2015, Oron et al, 2015; 
De Vos et al, 2015; Ginstrom Ernstad et al, 2016

•Culture media influences?

• Yes: Dumoulin et al, 2010; Nelissen et al, 2013; Kleijkers et al , 2O14, 2016.

• No: Vergouw et al, 2012; Lemmen et al, 2014; De Vos et al, 2015.

Many confounders, bias, issues, debates!

Gardner et al (2015) no influence if culture conditions are optimized!



What hinders the  full introduction of blastocyst culture?

The difficult questions (3)?
Who will perform blastocyst culture and transfer?

◦ Clinical decision?
◦ After several failed attempts with D2/D3 ET
◦ Freeze all at the blastocyst stage and transfer one by

one in natural cycle
◦ Blastocyst transfer for all

◦ Laboratory decision?
◦ Good-prognosis patients only ( based on Nb oocytes

or fertilised oocytes or on embryo quality on D3)
◦ Extended culture of only poor quality D3 embryos



What hinders the  full introduction of blastocyst culture?

The difficult questions (4)?
Less embryos for cryopreservation

Will we lose embryos by culturing them to the blastocyst stage?
Is poor /no blastocyst development evidence of poor

developmental potential or a consequence of poor in vitro
culture conditions?

◦ Suboptimal culture media and systems?
◦ improve quality of blastocysts obtained
◦ improve quantity of good quality embryos



The IVF lab in 2017

Three laboratory areas that warrant further consideration and 
discussion in 2017

1. Embryo development in culture 
(improve pregnancy/patient)

2. Cryopreservation (Improve Pregnancy/cycle)

3. Selecting the most viable embryo for transfer (Improve 
pregnancy/transfer)
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Maintenance of Embryo ViabilityEmbryos grown in vitro vs in vivo show differences in:

◦ Growth dynamics

◦ Compaction pattern

◦ Polarity

◦ Blastocysts quality

◦ Hatching process

◦ Freezability



ART - In vitro culture in 2017 

A stand alone artificial system with its own limitations and 
possibilities.

Never possible to have truly optimized media for human IVF?

Unanswered questions:

Is the in vivo condition the best condition?

What do we really know about the conditions in the fallopian tube 
and uterus?

What do we know of zygote/embryo physiology?

If an embryo has to adapt to suboptimal culture conditions does it 
come with a cost-reduced viability?

What do we need to add to compensate for the adverse condition 
in vitro? Vajta, Reproductive BioMedicine Online (2010)



Differences between oviduct and uterus in mammalian embryos 
(Lane et al, 2007; Leese et al, 2008)

Component                                                                Oviduct                   Uterus

Glucose concentration                                             0.50mM                  3.15mM

Pyruvate concentration                                            0.32mM                  0.10mM

Lactate concentration                                             10.50mM                 5.20mM

Oxygen concentration                                                8%                           1.5%

pH                                                                                   7.5                          7.1

Glycine concentration                                                2.77                        19.33

Alanine concentration                                                0.5                           1.24

Serine concentration                                                  0.32                         0.80

Metabolism                                                                   low                         high(er)
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Gas phase

pH

Temperature

QC/QA

Biomimetics

Grouped culture versus single embryo culture

Type of incubator

Embryo density

Culture media

ART - In vitro culture in 2017 

An in vitro culture system: a physical and chemical environment



The physical culture environment, 
some questions.

Should we try and manipulate pH?

Is there a correct temperature for embryo culture?

Should we culture at physiological or environmental oxygen 
levels, or dynamic?

Biomimetics: shaking, rolling, vibrations, tilting?

Do any of the above really matter?



◦ Frequent  incubator door openings compromise the level of carbon 
dioxide and medium pH

◦ pHe is influencing embryos due to its impact on pHi

◦ Is there an optimal pH  for culture of human embryos?

◦ In vivo oviduct more alkaline than uterus

◦ Some labs or companies change their pHe by changing bicarbonate 
concentration depending upon the specific step in their culture system 
(High – low – High versus High – High – Low versus High – Low – Low)

◦ Embryo development in vitro prefers a stable pHi!!!

◦ There is no hard evidence to do whatever! However ....

Adolfsson et al ESHRE annual meeting 2016

With acid-alkaline shift on day 3 (6.5% to 5.5% CO2), more blastocysts 
were obtained on day 5 compared to the alkaline-acid shift on day 3 
(5.5% to 6.5% CO2) (77% versus 53% blastocysts)

What do we know about pH 
(Swain , 2012)



Should we culture at physiological or environmental 
oxygen levels? 

Oxygen concentrations in oviduct (1.5%) and uterus (6-8%) 
of all investigated species are considerably lower than the 
atmospheric oxygen concentrations (21%). High oxygen 
tension (21%) in the gas atmosphere generates oxygen 
free radicals in culture systems (Goto et al., 1993). 

Decreasing the oxygen concentration (21% to 5%) does 
result in the development of a larger number of 
morphologically optimal embryos in IVF and ICSI cycles. 
(Swain et al, 2016)

Clinics utilizing physiological concentrations of oxygen (5%) 
have NOT reported adverse peri natal outcomes with 
blastocyst transfer (Gardner, 2016)



Should we culture at physiological or environmental 
oxygen levels? 

Does a shift from 5% in D1 to D3 culture to 2% oxygen in 5 
extended culture represent the most physiological system? 
Abstract results RCT  yes ! (Kaser et al, 2016)

larger RCT’s underway? (Morin, 2017; Kaser, 2017) 

Stage-specific differences in optimum oxygen 
concentrations?



Is there a correct temperature for embryo culture?

There is evidence to show temperature gradients in the human reproductive 
tract (oviduct and ovary).

Gamete and early embryo metabolism is 10-15% lower (i.e., ‘quieter) in the 
female reproductive tract

Well known that sperm develop below core body temperature

Human pre-ovulatory follicles have been shown to be 1-2oC cooler than the 
surrounding ovarian tissue.

Should human IVF continuously be carried out at 37°C? 



Influence of culture at lower 
temperature: evidence?

◦ A preliminary study compared blastocyst development in cattle at 
37°C with the conventional 39°C and resulted in the same 
blastocyst rate but lower amino-acid turnover, a quieter state that 
may be interpreted as a more in-vivo-like status (Sturmey et al., 
unpublished; cited by Leese et al., 2008b).

◦ In an RCT there was NO improvement in human embryo 
development when 36°C was used compared with the standard of 
37°C (Hong et al, 2014)

◦ In a sibling oocyte study recently a circadian rhythm (CR) of the 
core body temperature (varying from 36.6°C to 37.5°C over the 
day) was investigated. Exposure to CR resulted in lower utilization 
rate of embryos as compared to constant 37°C (Janssens et al, 
2016)

◦ Temperature gradients to be investigated?



The physical culture environment, 
some questions.

Should we try and manipulate pH?

Is there a correct temperature for embryo culture?

Should we culture at physiological or environmental oxygen 
levels, or dynamic?

Biomimetics: shaking, rolling, vibrations, tilting?

Do any of the above really matter?



The chemical environment: Culture media the debate 

Two Questions

Should the composition of the medium be changed to 
correspond with the physiological changes which occur as 
development proceeds?

Can a single culture medium be developed which supports 
development throughout the pre-implantation period?



Regarding composition and application of media, leading scientists of 
the field seem to disagree in all details:
◦ Culture media composition varies widely. Not a single component is 

used in exactly the same concentration in all commonly applied 
human embryo culture media (Morbeck et al, 2014; 2017). 

◦ Almost all media require supplementation with chemically undefined 
or partially defined factors such as albumin or serum and 
unconditioned commercial embryo culture media contain a large 
variety of non-declared proteins. Blastocyst development was 
protein dependent and showed an interaction with oxygen 
concentration (Dyrlund et al, 2014; Morbeck et al, 2014)

◦ There exists no superior culture medium (Mantikou et al, 2013)

Composition of culture medium?



Composition of culture medium: debate

Areas of debate

Carbohydrates: presence and concentration

Role of amino acids

L glutamine and ammonium

Role of EDTA



Sequential versus single step media formulations

Two schools of thought:

‘Back to nature’ approach
◦ Sequential culture media

◦ Based on the collected works of Gardner, Lane, Pool, 
Quinn and associated co-workers

‘Let the embryo choose’ approach
◦ Monoculture/single step

◦ Based on the collected works of Biggers and co-workers



Human embryo culture in-vitro: current 
status

Three types of protocol:

• Uninterrupted culture using one medium (nonrenewal 
single medium protocol)

• Interrupted culture using one medium but renewed on 
D2/D3 (renewal single medium protocol)

• Interrupted culture where two media of different 
composition are used sequentially (sequential media 
protocol)

Which one is the best?



Which medium to use for extended culture?

Single step or sequential 

Message

“Back to nature” sounds more logic than “Let the embryo choose” 
principle



Undisturbed development in Time lapse incubators 

Rational for single step non-renewal media

A single medium for extended culture to balance less handling 
stress against a potential metabolic stress. 

Minimizing handling by eliminating the need to physically move 
the embryos during change over on day 3

Less work to the embryologist

Cost reduction



Blastocyst culture using single versus sequential media in clinical IVF: a 
systematic review and meta-analysis of randomized controlled trials. 
Sfontouris et al (2016) JARG

Which culture medium is the best? A nightmare of small studies , suboptimal or 
horrible design, irrelevant controls, confounders

Although using a single medium for extended culture has some practical advantages 
there is insufficient evidence to recommend either sequential or single-step as 
being superior for the culture of human embryos to D5/D6. We donot know which 
is the best medium formulation

Whether any observed outcomes are due to the medium composition itself, to less 
handling and stress to the cells for routine observation, or to the newer incubator 
design or gas concentrations is unknown 

Extended culture: Which medium to use?



Final reflections

The human embryo shows an amazing plasticity

Blastocyst culture and single blastocyst transfer is a powerful tool to 
improve the efficiency of ART and to reduce multiple pregnancies

Vitrification is the gold standard method to cryopreserve blastocysts

Blastocyst culture should be performed in a modern high-quality lab 
◦ Clean room environment

◦ QA/QC

◦ Optimized culture media and culture systems

Future perspectives

From static culture to dynamic culture (it is not only about chemical 
composition of media also physical parameters should be taken 
into account

Cumulative live-birth should be the gold standard for successful ART 
outcome 


