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MorphologicalMorphological markers of markers of 
embryo embryo qualityquality
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What is ”embryo quality”?

How do we define ”the best 
embryo”? 

””Embryo Embryo qualityquality”” (IVF)(IVF)

An embryo that has the An embryo that has the 
potential to potential to implantimplant in the in the 
uterus and uterus and givegive riserise to the to the 
birthbirth of a of a healthyhealthy babybaby
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Nuclear status / cytoplasmic status / 
metabolic status / environment / 

chromosomal status

WhatWhat are are wewe measuringmeasuring??

Embryo development variables
Implantation

Live birth

””SuccessSuccess raterate”” for for earlyearly human human 
embryosembryos

Morphology: ~  40-60% GQE

Chromosomal normality  ~  25-30%

Implantation rates: 40%

Births (SET): 35 %

Embryo Embryo ””qualityquality””

Embryo Embryo scoringscoring
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Embryo Embryo morphologymorphology//developmentdevelopment
• MNB
• Number of cells
• Fragmentation
• Cell size
• First cleavage
• Second cleavage
• Visible nuclei
• Cytoplasmic appearance

• Compaction

• None
• 4 / 8
• < 20 (-30?)%
• Even sized
• < 25-27 hours
• synchronised
• 1 visible nucleus / cell
• No vacuoles, no 

granulation ?
• - day 2,  + day 3

• Polarity / (a)symmetry

• Timing / Synchronisation

WhyWhy are are thesethese thingsthings importantimportant??

The first The first cleavagescleavages

Mammals

• Rotational cleavage

• Holoblastic cleavage
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Embryo (Embryo (a)symmetrya)symmetry

• First cleavage results in daughter cells with 
uneven content of transcription factors

• The next cleavages increase the differences 

• From the 8-cell stage will some cells have 
positional identity 
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Antezak and Van Blerkom, Human Reprod, 14, 429-447, 1999

Leptin

TGFb2

STAT3 (J-L)
Bcl-X (M-O)

Embryo asymmetryEmbryo asymmetry

• Human embryos shows asymmetric 
distribution of factors believed to be 
important for establishing embryonic axes 
/ positional identity

• Loss of blastomeres or part of 
blastomeres (fragmentation) or incorrect 
distribution of material (uneven sized) 
might impair the correct establishment of 
axis
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And the And the chromosomalchromosomal statusstatus……? ? 

10/34 10/34 (29%)(29%)
6/11   6/11   (55%)(55%)

UnevenUneven
cleavagecleavage

0.0140.0144/47  4/47  (9%)(9%)BlastomereBlastomere aneuploidyaneuploidy
0.240.244/13 4/13 (31%)(31%)Embryo Embryo aneuploidyaneuploidy

PPEvenEven
cleavagecleavage

ChromosomesChromosomes
13, 18, 21, X and Y13, 18, 21, X and Y

Hardarson et al 2001

OnlyOnly GQEGQE

First First mitoticmitotic cleavagecleavage
((””earlyearly cleavagecleavage””))

Day 1Day 1

Day 2Day 2

Scoring time
Medium
Temperature

Lundin et al 2001; Fenwick et al 2002

EarlyEarly LateLate

Numbers (%)Numbers (%) 3 046 (26.9)3 046 (26.9) 6 749 (73.1)    6 749 (73.1)    
GQE (%)GQE (%) 1 903 (62.5)1 903 (62.5) 2 593 (33.4)2 593 (33.4)

Numbers (%)Numbers (%) 85  (14.7)85  (14.7) 494   (85.3)    494   (85.3)    
BlastocystsBlastocysts (%)(%) 19/59 (32.2)19/59 (32.2) 61/367 (16.6) 61/367 (16.6) 

Early cleavage and 
embryo ”quality”
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EarlyEarly first first cleavagecleavage and and ICSIICSI
(25 (25 –– 27 h, n =450 27 h, n =450 cyclescycles))

Pregnancy Birth

No. GQE p <0.0001 p <0.0001

Early cleavage NS p =0.015

Lundin et al 2001

EarlyEarly cleavagecleavage and embryo and embryo qualityquality vs. vs. 
pregnancypregnancy ratesrates ((cIVFcIVF))
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Lundin et al, ASRM 2005

N= 111 
NS

N= 266 
p=<0.05

MoreMore aboutabout earlyearly cleavagecleavage……..

• Logistic regression analysis showed that EC is 
an independent predictor for both pregnancy
and blastocyst development in addition to cell 
morphology and cell number

• EEC (even early cleavage) strongly correlated
to GQE

• EC a putative marker of  embryo quality but
weak input on clinical pregnancy rate

Terriou et al 2007

Van Montfoort et al 2004

Rehman et al 2007
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SecondSecond mitoticmitotic cleavagecleavage
((timetime--lapselapse))

Day 2Day 2

CleavageCleavage raterate -- numbernumber of cellsof cells

van Royen et al, 2002 – day 3
4 4 -- 8/9 cells: 8/9 cells: 42% IR42% IR
≠≠ 4 4 –– 8/9 cells:8/9 cells: <33% IR<33% IR

Thurin et al 2005, (SET) – day 2, 
multicenter study (661 cycles)

4 cells:4 cells: 28%28% IRIR
≠≠ 4 cells:4 cells: 16%16% IR  IR  

(p=0.013)(p=0.013)

Visible nuclei

Moriwaki et al 2004

744 embryos
Overall IR 15.5%
Nuclei IR 26.1%
Top embryos with no visible nuclei IR 6.3%
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Visible nuclei – 4 cells embryo

Nuclei ET IR IR 
0 28 14% (20)*
1 74 22% (21)
2 183 25% (23)
3 237 27% (22)
4 305 27% (41)

•Saldeen and Sundström 2005
selective, retrospective study

•Sahlgrenska data
non-selective, prospective

MultinucleationMultinucleation

AssociatedAssociated with with loweredlowered pregnancypregnancy and and 
implantation implantation ratesrates

OccursOccurs in in ~~ 2525--50% of embryos on 50% of embryos on dayday 2/32/3

DecreasedDecreased incidenceincidence in in goodgood qualityquality embryos    embryos    
~~ 15%15%

Palmstierna et al 1997, Kligman et al 1996, Jackson et al 1998, van Royen et al 2001, 2003,
Hardarson, 2001, Hnida et al 2004

Hardarson et al 2001, Hnida et al 2004

Cell size and multinucleation

Cleavage Even Uneven
Embryo multinuclearity (%) 1/13  (2.1) 5/11 (45.5)

p=0.005

Cell size (µm3 x 106) 2 cell 4 cell       
Mononucleated 0.210 0.118
Multinucleated 0.314 0.203

p=<0.001
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FragmentationFragmentation vs. vs. unequalunequal sizesize

HardarsonHardarson et al 2001et al 2001

* All embryos transferred in a single cycle are of the same status

aa p= 0.013p= 0.013 bb p=p= 0.0030.003

TopTop < 20% < 20% fragfrag UnevenUneven
qualityquality sizedsized cellscells

No. cycles * 151 142 85
Pregnancy/ET (%) a 53.6 52.1 37.6
Implantation (%) b 39.3 33.3 23.9

Embryo Embryo fragmentationfragmentation

Many different studies (univariate studies);
• Correlates to implantation and pregnancy…

or does not correlate…

• No studies (multivariate) supporting an 
independent predictive influence of 
fragmentation (up to 20 (-30)%)  
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ChromosomalChromosomal normalitynormality and embryo and embryo 
selectionselection (n=144 embryos)(n=144 embryos)

Ziebe et al 2003,
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ChromosomalChromosomal status  vs.  embryo status  vs.  embryo 
developmentdevelopment / / morphologymorphology

Pronuclear scoring +
Uneven cleavage +
MNB  +

Early cleavage -?
Number of cells day 2  -?
Number of cells day 3  -?

Gianaroli et al 2003, Ziebe et al 2003, Hardarson et al 2001

Are Are wewe scoringscoring the same the same thingsthings??
(in the same (in the same wayway……))

Grade of fragmentation
Uneven size Blastomere/fragment
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Can Can wewe predictpredict PR/IR/BR from PR/IR/BR from 
earlyearly embryo embryo morphologymorphology??

MultivariateMultivariate analysesanalyses

Independent embryo predictors
• Randomized multicenter trial (n=661)
• ”Good prognosis women (<37 years, ≥ 2 

GQE)
• Identification of specific maternal and/or 

embryo variables independently correlated
with ongoing implantation:

• Number of cells independent predictors of 
ongoing implantation

• (Also fertilisation method and ovarian
sensitivity)

Thurin et al 2005

Independent embryo predictors
• Retrospective analysis
• 861 SET transfers with a four-cell embryo
• Analysis of MONOnucleated blastomeres, 

equal-sized blastomeres and fragmentation:

• Number of MONOnucleate cells independent 
predictors of ongoing implantation

• Blastomere size and fragmentation not 
predictive

Saldeen and Sundström 2005
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An integrated evidence-based model
for prediction of implantation

• 2266 double embryo transfers
• Only 100% or 0% implantations assessed:

• Numbers of blastomeres, blastomere size 
and mononuclearity in the blastomeres
independent predictors 

• Fragmentation no predictor
• Early cleavage not analysed

Holte et al 2007

SummarySummary
• Embryo scoring can be performed - to a large

extent - according to a number of well
defined morphological variables, correlating
to implantation rates

Morphologically ”good” embryos are on average
more genetically normal than surplus embryos

• What about metabolical ”normality”??

Polarity
• cell cleavage (size)

Symmetry/synchronisation
• cell cleavage (numbers)
• cell mononuclearity

Timing
• first cleavage
• (second cleavage)

Chromosomal
status

• PGS
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Thank you for your attention!


