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Learning objectives

� Defining embryo quality should not 
be based only on morphological 
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be based only on morphological 
parameters at day 1 or 2

� Extended culture bring additional 
information on embryo quality



Evaluation of embryo viability in IVF 

� Selection of the best embryo (SET)

� Identification of viable embryos (only 
cryopreserved)

� Various methods (non-invasive)

� Common clinical practice (reliable / non-time 
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� Common clinical practice (reliable / non-time 
consuming)

In Vitro development Implantation rate

Individual outcomes have more strength

Individual embryo culture Single embryo transfer



Morphological and kinetics criteria 
available to select viable embryos

�Oocyte morphology (day 0)

�Pronuclear morphology (day 1)

�Early cleavage (day 1)
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�Early cleavage (day 1)

�Embryo morphology (day 2 
and/or day 3)

�Blastocyst development (day 
5/6)



Oocyte morphology (D0)

� Cytoplasmic abnormalities
� Granularity, clustering of the cytoplasm

� Uneven cytoplasmic appearance

� Vacuolization 

� Extracytoplasmic abnormalities
� Oocyte shape irregularity
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� Oocyte shape irregularity

� Oolemma consistency

� Perivitelline space : inclusions / enlargement

� Zona pellucida thickness, colour

� PB morphology

Available data remains controversial



Morphological and kinetics criteria 
available to select viable embryos

�Oocyte morphology (day 0)

�Pronuclear morphology (day 1)

�Early cleavage (day 1)
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�Early cleavage (day 1)

�Embryo morphology (day 2 
and/or day 3)

�Blastocyst development (day 
5/6)



Scott’s classification (1998, 2000, 2002, 2003)

Nucleoli:

Number
Size

Position
Size

Pronuclei:
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Size
Alignment

Nuclear membrane
breakdown

Cytoplasmic
appearance 



Tesarik et Greco classification(1999)

Non Polarised NPB >7
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Polarised NPB (3-6)
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Zygote scoring system (D1)

Observation 16-20 hours post-insemination
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Zygote scoring and blastocyst development

Zygote

number

Classif. Blastocyst development

Scott et al.,
2000

654 Scott 56.5% Blasto D5 (Z1)

vs 20% (Z2-Z4)
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Balaban et 
al., 2001

676 Tesarik 72% Blasto D5 (P0)

vs 35.7% (P1-P5)

Ebner et al.,
2003

713 Tesarik 65.2% Blasto D5 (P0)

vs 41.9% (P1-P5)

Guerif et al.,
2007

4042 Tesarik 56% Blasto D6 (P0)

vs 41% (P1-P5)



� Scott’s classification

� Scott et al., 1998, 2000, 2002, 2003

� Ludwig et al., 2000

� Salumets et al., 2001

� Payne et al., 2005

� James et al., 2006

� Nicoli et al., 2007

Zygote scoring and implantation
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� Tesarik and Greco’s classification

� Tesarik et al., 1999, 2000

� Wittemer et al., 2000

� Montag et al., 2001

� Salumets et al., 2001

� Jaroudi et al., 2004

� Others classifications

� Chen and Kattera, 2006

� Senn et al., 2006

Correlation

No correlation



SET Classif. Implantation Rate per 

Zygote scoring and implantation / SET
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SET

number

Classif. Implantation Rate per 
cycle

Salumets et 
al., 2001

144 Tesarik 33.9% (P0)
vs 31.8% (P1-P5)

Salumets et 
al., 2001

105 Scott 29.2% (Z1)
vs 31.7% (Z3) vs. 18.8% (Z2)



Conflicting data

� No standard zygote-grading system 
used throughout ART laboratories

� Pronuclear morphology is a very 
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Pronuclear morphology is a very 
dynamic process

timing is of extreme importance

� Highly observer dependent



Morphological and kinetics criteria 
available to select viable embryos

�Oocyte morphology (day 0)

�Pronuclear morphology (day 1)

�Early cleavage (day 1)
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�Early cleavage (day 1)

�Embryo morphology (day 2 
and/or day 3)

�Blastocyst development (day 
5/6)



�Observation of early cleavage
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� 26 + 1 hrs post-ICSI

� 28 + 1 hrs post-IVF

� 23 + 1 hrs syngamy



Embryo

Number

Blastocyst development 

Fenwick et al.,

2002

426 32.2% Blasto D7 (EC+)

vs 16.6% (EC-)

Van Montfoort et 1160 66.1% Blasto D6 (EC+)

Early cleavage and blastocyst development
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Van Montfoort et 
al., 2004

1160 66.1% Blasto D6 (EC+)

vs 39.7% (EC-)

Windt et al.,

2004

NA 52% Blasto D5 (EC+)

vs 22% (EC-)

Guerif et al.,

2007

4042 62% Blasto D5 (EC+)

vs 35% (EC-)



� Shoukir et al., 1997 (n=143) IR= 23.6% vs 7.5% Het

� Sakkas et al., 1998 (n=88) IR= 14.0% vs 3.2% Het

Early cleavage and implantation
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� Sakkas et al., 1998 (n=88) IR= 14.0% vs 3.2% Het

� Bos-Mikich et al., 2001 (n=74) IR= 18.0% vs 8% Het

� Lundin et al., 2001 (n=827) IR= 28.0% vs 19.5% Hom

� Petersen et al., 2001 (n=200) IR= 17.5% vs 5.9% Hom

� Sakkas et al., 2001 (n=230) IR= 25.5% vs 14.8% Het

� Fenwick et al., 2002 (n=70) IR= 21.4% vs 6% Het

� Tsai et al., 2002 (n=258) IR= 18.6% vs 11.6% Het



SET

number

Clinical IR per cycle

Salumets et al., 178 50% (EC+)

Early cleavage and implantation / SET
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Salumets et al.,

2003

178 50% (EC+)

vs 26.4% (EC-)

Van Montfoort et al.,

2004

165 46.4% (EC+)

vs 17.6% (EC-)

Giorgetti et al.,

2006

193 49.4% (EC+)

vs 33.3% (EC-)



Morphological and kinetics criteria 
available to select viable embryos

�Oocyte morphology (day 0)

�Pronuclear morphology (day 1)

�Early cleavage (day 1)
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�Early cleavage (day 1)

�Embryo morphology (day 2 
and/or day 3)

�Blastocyst development (day 
5/6)



Embryo morphology

� Observation at D2/D3

� D2: 44 + 1hrs (39-48)

� D3: 68 + 1hrs (64-69)

� Evenness of 
blastomeres

� Fragmentation
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� Fragmentation

� Observation of 
interphase nuclei

� Assessment of 
multinucleation



� Day 2
� Shapiro et al., 2000/Sjöblom et al., 2006/Guerif 
et al., 2007

4 cell-embryo> 5-6 cell-embryo> 2-3 cell-embryo 

� Day 3

Number of blastomeres
and blastocyst development
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� Day 3
� Shoukir et al., 1998 / Racowsky et al., 2000

Mean number of blastomeres <…..> Blastocyst 
rate

� Langley et al., 2001 / Nomura et al., 2006

8 cell-embryo> 9-10 cell-embryo> 2-7 cell-embryo  



�Day 2
�Tours, IVF center

52.5% D6 (even) vs 38.5% D6 (uneven)

Evenness of blastomeres
and blastocyst development
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�Day 3
� Nomura et al., 2006

48.7% D6 (even) vs 30.1% D6 (uneven)



� Day 2
� Alikani et al., 2000

33.3% D5 (<15%) vs 16.5% D5 (>15%)

� Guerif et al., 2007

50% D6 (<20%) vs 38% (>20%) 

Degree of fragmentation
and blastocyst development
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50% D6 (<20%) vs 38% (>20%) 

� Day 3
� Rijnders et al., 1998

47% D5 (0-20%) vs  21% D5 (>20%)

� Nomura et al., 2006

51.9% D6 (<50%)  vs 25.7% D6 (>50%)



�Day 2
�Alikani et al., 2000

31.9% D5 (MNB-) vs 15.9% D5 (MNB+)

Blastomere multinucleation
and blastocyst development
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31.9% D5 (MNB-) vs 15.9% D5 (MNB+)

�Day 3
�Yakin et al., 2005

51.0% D5 (MNB-) vs 11.4% D5 (MNB+)



Top quality embryos 

Day 2 Day 3
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� 4-cell embryo

� Even-sized 
blastomeres

� No / minor 
fragmentation

� No multinucleation

� 8-cell embryo

� Even-sized 
blastomeres

� No / minor 
fragmentation

� No multinucleation



D2/D3 morphology and implantation

SET 
number

Clinical IR per cycle 

Gerris et al., 1999 26 38.5% 

Vilska et al., 1999 74 29.7% 

De Sutter et al., 2003 579 28.2% 
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De Sutter et al., 2003 579 28.2% 

Tiitinen et al., 2003 470 34.4% 

Martikainen et al., 2004 308 34.7% 

Thurin et al., 2004 330 28.5% 

Van Montfoort et al., 2004 100 39.7% 



� Prospective study 

� Individual embryo culture (3226 embryos)

� Investigation of the weight of five D2 
parameters for implantation potential including 
no or twin implantation

� Univariate analysis 

Holte et al., 2007
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� Univariate analysis 

� Multivariate analysis

Multivariate analysis is necessary:

- To find out which variable have independent power 

- To find the correct power balance between such 

independent variables
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Symmetry

Blastomeres 

FragmentationIR IR 

IR
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Nucleus scoreEquality

IR 
IR Univariate

analysis 



Symmetry

Blastomeres 

FragmentationIR IR 

IR
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Nucleus scoreEquality

IR 
IR Multivariate

analysis 
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Blastocyst development (D5-D6)
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B1 B2 B3 B4-B5

Gardner and Schoolcraft 1999



SBT 
number

Clinical IR per cycle

Gardner et al., 2004 23 60.9% 

Criniti et al., 2005 41 76% 

Henman et al., 2005 193 47.9% 

Blastocyst and implantation
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Nilsson et al., 2005 306 44.4% 

Papanikolaou et al., 2006 175 33.1% 

Ryan et al., 2007 83 62.7% 

Davis et al., 2007 45 51.1% 

Guerif et al., 2009 218 43.6% 

Selected patients



Various factors are involved with embryo 
development.

=> Consequently a single early (D0 or D1 
or D2 or D3) static observation is 
probably inadequate

to predict further development for an 
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to predict further development for an 
embryo

that appears normal at a first glance.



End point: blastocyst development or implantation

D0 D1(PN) D1(EC) D2 D3

De Placido et al., 2002 X X X

Nagy et al., 2003 X X

Fisch et al., 2001, 2003 X X X X

Lan et al., 2003 X X
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Lan et al., 2003 X X

Neuber et al., 2003 X X X X

Rienzi et al., 2005 X X X X

Sjöblom et al., 2006 X X X X

Guerif et al., 2007 X X X

Scott et al., 2007 X X X X

Rehman et al., 2007 X X X
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� Prospective study
� The outcome measure was to evaluate the 

usefulness of morphological characteristics (D0, 
D1, D2, D3, D5) in predicting implantation

� D1-D2 parameters are stronger predictive of 
implantation than D3 morphology or ability to 
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� D1-D2 parameters are stronger predictive of 
implantation than D3 morphology or ability to 
achieve the blastocyst stage of development.

� Most significant D1/D2 factors:
� PN morphology and NPB ratio

� Day 2 cell number, blastomere symmetry, nucleation

� Ability to cleave from D2 to D3
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Guerif et al, 2007



Sensitivity
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Sensitivity
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Combination of four D1/D2 parametersSensitivity

AUCROC=0.688

0.9–1 = perfect
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0.9–1 = perfect

0.8-0.9 = excellent

0.7-0.8 = acceptable

0.6-0.7 = low

0.5-0.6 = no discr.
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Guerif et al, 2007
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Guerif et al, 2007
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Guerif et al, 2007
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ROC Curves in the prediction of clinical PR

Day 1-6
AUC=0.62

Day 1-3
AUC=0.46
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Della Ragione et al.,
2007

SBT Day 5 (B3-B5 A/B)

IVF Unit, Tours, France

SBT Day 5 (B3-B5 A/B)

100%

Implant.

Non

Implant.

100%

Implant.

Non

Implant.

n 93 110 83 97

Early parameters and blastocyst implantation ?
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n 93 110 83 97

% Pattern 0 zygotes NA NA 20.5% 20.6%

% Early cleavage NA NA 43.5% 58.6%

% 4-cell embryos 86.0% 86.4% 78.3% 78.4%

% <10% fragment. 88.2%* 76.4%* 75.9% 69%

IR=45.8% IR=46.1%



At the blastocyst stage, the embryo has 
already reached a high developmental 
status and the morphological 
characteristics of blastocysts  seem 
more important than the previous 
cleavage patterns.
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=> Reaching the blastocyst stage on D5 
with a good morphology seems to 
brings us additional information
compared to early parameters of 
development.



RBM online, 2010, doi:10.1016/j.rbmo.2010.06.043
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Embryo morphology and 
blastocyst outcome

� Prospective observational study 
oct2007-dec2008

� 2617 embryos from 511 couples 
assigned to SBT for 1st or 2nd 
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assigned to SBT for 1st or 2nd 
attempt

� Individual embryo follow up 
with embryo and blastocyst 
scoring

RBM online, 2010, doi:10.1016/j.rbmo.2010.06.043



� Embryo scoring

� Poor :11-14

� Medium : 15-18
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� Medium : 15-18

� Good : 19-21

� Excellent : 22-25

RBM online, 2010, doi:10.1016/j.rbmo.2010.06.043



� Blastocyst scoring
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� Blastocyst scoring

� Poor : 1 - 5

� Medium : 6 – 18

� Good : 20 - 54
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CONCLUDING REMARKS
PERSPECTIVES
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Different ways to select 
embryos…

� Using D1 (and D0) parameters

when approaches involving embryo 
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when approaches involving embryo 
selection cannot be implemented in 
countries with restrictive IVF 
legislation.



Pro
� Only realistic option is the use of early 
scoring systems 

�Improvement of the identification of 
viable oocytes ? 
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However 
� Further publications of SET based on 
pronuclear morphology are necessary 
to validate the weight of  zygote 
scoring systems.



Different ways to select embryos…

� Using D3/D2 (and D1, D0) parameters 
when you think that 

drawbacks > advantages with 
extended culture
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extended culture

* Suboptimal conditions of culture

* Increased rate of cancelled 
transfers

* Time consuming or expensive cost 
in laboratory



Pro
� Promising results of early combined 

parameters.

� Additional benefit of new parameters ?

�Blastomere mononucleation

However…
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However…
� Discriminating value of D3/D2 parameters 

remains to be confirmed.

� Deleterious effects of multiple 
observations ?



Different ways to select 
embryos…
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� Using later stages parameters 
(D5/D6) when you think that 

advantages > drawbacks with extended 
culture



No

Emb

Characteristics Blastocyst dev.D5

TQ Embryos

Fisch et al.,2001 1245 PN + EC + D3 64 % blastocysts

Lan et al., 2003 1894 PN + D3 92 % blastocysts

TOP QUALITY EMBRYOS
AND BLASTOCYST DEVELOPMENT
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Lan et al., 2003 1894 PN + D3 92 % blastocysts

Neuber et al.,
2003

1550 PN + EC + D2 + D3 54 % blastocysts

Rienzi et al.,
2005

993 PN + EC + D2 + D3 77 % blastocysts

Guerif et al.,
2007

4042 PN + EC + D2 59 % blastocysts



Rijnders and 
Jansen, 1998

Milki et al.,

2002

IVF Unit,

Tours-France

Number of cycles 48 100 140

Day of observ. Day 3 Day 3 Day 2

No. Emb transfer. 2-3 2 1

Total agreement 20% 23% 32%
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Partial agreement 56% 38% 34%

No Agreement 24% 39% 34%

Blastocyst IR 30% NA 41.5%

Predictive value of embryo morphology on day 2/3 

for subsequent blastocyst formation seems limited



Papanikolaou et 
al., 2006

Zech et al.,

2007

Guerif et al, 

2009

SET

(D3)

SBT

(D5)

SET

(D3)

SBT

(D5)

SET + FET

(D2)

SBT + FBT

(D5/6)

What about SET vs SBT ?
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Number 
of cycles

176 175 99 128 243 235

Ongoing 
IR per 
cycle

23.3%* 33.1%* 23.2% 32.8% 34.2% 37.9%



Conclusions, perspectives
� Morphology and kinetics have a rather limited 

power to predict implantation
� Blastocyst development have some independent 

additive predictive value  

� Several criteria or parameters ("omics") have 
been proposed to better select the embyo for 
transfert
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transfert
� Which among them will be the more robust and 

useful in clinical practice?
� They will have to satisfy a true prospective and 

blinded evaluation, neither "series" ou 
"experiment" dependent.

� While they should be at least in part unrelated to 
morphological criteria, they should have a 
reasonnable cost-effectiveness ratio.
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