e Various methods (nhon-invasive)
e Common clinical practice (reliable / non-time conguming)

Evaluation-of embryo viability in IVF

e Static
=observation at one point in time (sn
Dlor D2or D3

e Dynamic (sequential assessment)
=observation of embryo progression over time
DO +D1+D2+D3

Implantation rate Iln Vitro develop}pentl

|Sing|e embryo transferl Ilndividual embryo cult\prel

\Individual outcomes have more strength \




useful parameters

e Oocyte morphology (day 0)
e Pronuclear morphology (day 1)
e Early cleavage (day 1)

e Embryo morphology (day 2 and/or day'g)

Top quality embryos

e 4-cell embryo o 8-cell embryg

e Equal blastomeres e Equal blastomeges

e No / minor fragmentation e No / minor fragmentation
e No multinucleation e No multinucleation

What is the weight of these parameters ?

Holte et al., 2007

e Prospective study

implantation potential including no o
implantation

e Univariate analysis

o 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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Equality [Nucleus score]

Multivariate E
\ analysis /

Various factors are involved with embryo development.

=>asingle early (DO or D1 or D
observation is probably inadequate
development.

D3) static

There are few studies where the efficacy of
parameters, each or in combination were weighted
against each other to ascertain their relative
importance.




SEQUENTI BRYO ASSESSMENT

END POINT

BLASTOCYST EMBRYO

DEVELOPMENT IMPLANTATION
End point:-hlastocyst development

"DO._| D1(PN) | D1(EC) | D2 | D3

Fisch et al., 2001 XN X X
Neuber et al., 2003 XX [ x| x
Rienzi et al., 2005 X X hX | X
Sjoblom et al., 2006 X X X X
Guerif et al., 2007 X X X

The graduated embryo score (GES)
predicts blastocyst formation and
pregnancy rates from cleavage-stage
embryos

Fisch et al., 2001

Retrospective study

The outcome measure was to evaluate the correlation
between a graduated embryo score (D1, D3) with
blastocyst development

N=1245 individually cultured zygotes




Graduated embryo scoring (GES) of cleavage stage

embryos.
Howurs afier

Evaluation inscmination Developmental milestone Socore

1 16-18 | mycleali aligned alang pronuclear axis 20

2 25.27 | Cleavage regular and symmetrical 30
Fragmentation®
Absent k']
<20% 25

0% 0

3 Cell number and grade® 7CI, BCI, 8CIL, 9C1 20
TCII, 9C11, 10C1, 11C1, Compacting | 10
Total score 100

“If the embryo was not cleaved at 25-27 hours, grading of (ragmentation
should occur at the &4 wour evaluation if the embryo reached the
seven-cell stage and ha & fragmentation

® Grade | = symmetrical blastomeres and absent fragmentation. Grade 1
slightly uneven blastomeres and =20%
blastomeres and =20% fragmentation. Grade A embryos are seven or more

Fisch et al., 2001

entation. Grrade 111 = uneven

Tag

cells with <20% fragmentution

Table 1. Comparison of Graduated Embryo Scoring (GES) with blastocyst

development
GES Total embryos for Blastocyst development
extended culture [m (%))
70-100 269 119 (44)°
90-100 110 70 (64)°
T0-85 159 49 (31
714 61(9)
30-65 443 49 (11
0-25 271 12 (4)
Total 983 180 (18)

4P < 0.00]1 compared with GES 0-65 and to GES 30-65.
P < 0.00] compared with € 70-85

P < 0001 compared with GES 30-65

Ip < 0.003 compared with GES 0-25

Fisch et al., 2001

Sequential assessment of individually
cultured human embryos as an indicator
of subsequent good quality blastocyst
development

\ Neuber et al., 2003\

Retrospective study

The outcome measure was to determine if developmental
markers on day 1, 2 and 3 can predict good subsequent
blastocyst development

N=1550 individually cultured zygotes
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" B C 1 ‘ Neuber et al., 2003

Significance of morphological attributes
of the early embryo

Rienzi et al., 2005

Retrospective study

The outcome measure was to determine the relationghip
between embryo score and blastocyst conversion

N=993 individually cultured zygotes

‘Dayl‘ ‘DayZ‘ ‘Day3‘ ‘Points‘

Pronuclear stage Normal 0
5

Pathological 2
No 1
4- w 5-cell »6 cells 0
- 2- to 3 and 4- 1o f-cell 2
>5 cell
- <2-cell <d-cell 4
Equal Equal 0
- Unequal 1
- Unegqual 2
- 10=30 10=30 1
30-50 3050 2
- =50 =50 3
Multinucleation (%) - Absent Absent 0
- =50 =50 2
=50 =50 4

Rienzi et al., 2005
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Figure 2. Blastocyst formation according to the cumulative
embryo score obtained on day 3. Values showing different
lower case letters were significantly different (P < 0.05) except
for a* versus b* and c* versus d, which were not significantly
different (# < 0.08 and P < 0.07, respectively),

20
10

‘ Blastocyst formation on day 5 (%) ‘

Rienzi et al., 2005

Prediction of embryo developmental
potential and pregnancy based on early
stage morphological characteristics

Sjoblom et al., 2006

e Retrospective study

e The outcome measure was the association of blastocygt
development with early morphological characteristics

(DO, D1, D2), alone or those in combination.

N=431 individually cultured zygotes

Sjéblom et al., 2006 Description =
DO (oocyte) characteristics
Polar body Roundioval, unfragmented 1
Other (1]
Cytoplasm Smoath, finely granulated 1
Coarse, vacuoles, dark patch o
Mambrane Smooth 1
Jagged o
Zona pellucida Mormal thickness and eolor, no debris 1
Othar o
Maximum score 4
Aggregation of SER Pancake-like diffuse structure Desalected from transfer or
‘ D1 (zygote) characteristics e
Polar badies. <80° apart, <45° with axis of pronuclel 1
Other 0
Cytoplasmic halo Present, normal cytoplasm 1
Absent ]
Membrane Smooth 1
Jagged 0
MNucleck Equal numbers and sizes, =3 1
Other 0
Pronuclel Equal size, central, apposed 1
Other
Zona pellucida HNormal thickness and color, no debris 1
Other ]
Maximum score &
Syngamy Breakdown of pronuclear membranes;  Noted and prefermed when
o by




' Sjéblom et al., 2006 |

D2/3 (embryo) characteristics Z T T TR ity
il numbers Number of blastomeres Noted

Zona pellucida Mormal thickness and color, no debris 1
Other 1]
Cytoplasm Smooth, honey-colored 1
Cther 0
Membrane Smooth 1
; Jagged 0
Cell size Equal if 2" blastomeres, otherwise in 1
accord with cleavage stage
Other o
Cell shape Spherical 1
it Other ]
Perivitelline space Blastomeres fill the space under the 1
zona
Other 1]
Fragmentation =10% fragmented 2
10%-30% fragmented 1
=30% fragmented ']
Developmental rate 4 cells 42 hpi; 8 cells 66 hpi 2
2, 3 or >4 cells 42 hpl; 6-7 or =8 cells 1
66 hpi
|
Association between mnrphﬂllouica' o
W s (ulk:::dd to D5 or D8, estimated The association between different emhnfﬂ
by the Spearman rank order coefficient of scores and blastocoel dB\l'G'UPme"_‘t n
comelation, r embryos cultured to D5 or D6, estimated
p by the Spearman rank order coefficient of
Blastocoel scorevs. r value  ggrrelation, r.
D0 polar bod P
oG — Blastocoel score vs. n r value
DO score 222 0095 .158
[ o D1 score 420 0.138 005
D2 score R DA0ES 0T
D2 corrected cumulative 420 0100 040

score

D2 cytoplasm

D2 cell number

[Sjoblom et al., 2006

Limited value of morphological
assessment at days 1 and 2 to predict
blastocyst development potential: a
prospective study based on 4042
embryos

. Guerif et al., 2007
e Prospective study

e 4042 embryos were individually cultured
e Univariate
e Multivariate analysis
e The outcome measure was the association between usial
D1-D2 morphological characteristics and blastocyst
development




B3-B5 A/ and D1/D2 parameters

UNIVARIATE ANALYSIS

% B3-B5 (A/B) D5 p

Pattern 0 zygotes 22.6% 0.0002
Non-pattern 0 zygotes \1}\%

Early cleavage embryos 29.0% <0.0001
Non-early cleavage embryos 7.3%

2-3 cell embryo on day 2

4.3% \ <0.0001

4 cell embryo on day 2 25.6%

5-8 cell embryo on day 2 11.1%

<20% fragmentation on day 2 18.0% 0.&019
20-50% fragmentation on day 2 12.3% \
>50% fragmentation on day 2 6.8% \

B3-B5 A/ and D1/D2 parameters

MULTIVARIATE ANALYSIS OR \95%) Cl | P-value | Overall p
Early cleavage (Day 1)

Early-cleavage embryos 1.00

Non-early cleavage embryos 0.40 0.32-0.50 <b?Q001

Number of cells (Day 2) <0.0001
4 cells (Day 2) 1.00

2- 3 cells (Day 2) 0.30 | 0.22-0.40 | <0.0001 \

5-8 cells (Day 2) 0.54 0.41-0.72 | <0.0001

Guerif et al., 2007

SensitivityLCombination of four D1/D2 parameters
1

0 01T 02 03 04

-Specific

1 ity

0E 07

0g 09

\Guerif et al., 2007




0 0t 02 03 04 05

08 1
1-Specificity Guerif et al., 2007

07 08 03

Sensitivity , Combination of four D1/D2 parameters

%7 [AUCgoc=0.688

0s 0.9-1 = perfect

04 0.8-0.9 = excellent
13 0.7-0.8 = acceptable
02 0.6-0.7 = low

0.5-0.6 = no discr.

0 01 02 03 04 05 08 07 08 09

1-Specificit Guerif et al., 2007

~ End-point: implantation

"DO._| D1(PN) | D1(EC) | D2 | D3

De Placido et al., 2002

RN X | X
Nagy et al., 2003 X X
Sjoblom et al., 2006 X | x XX
Scott et al., 2007 X X X X
Rehman et al., 2007 X X X




High outcome predictability after IVF
using a combined score for zygote and
embryo morphology and growth rate

\De Placido et al., 2002

Retrospective study

The outcome measure was to determine utility o
combination of scoring systems (D1 and D2/3) to predict
IVF outcome

N=154 cycles

Seere | T
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1 L (4] | @ memeela]
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|
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[, @ — [ Vi@ iy vi.& b \

\De Placido et al., 2002

Score = zygote score X (embryo score X number blastomeres)

Implantation Groupl Group 2 Group 3
Rate (%) TQ scoring | Medium scoring | Low scoring

Zygote 13.2% 15. 7.1%
morphology

Embryo 14.9% 15.4% M&
morphology

Weighted 11.9% 13.3% 4%
Score D2
Weighted 24.5% 13.4% 4.2%
Score D3

\De Placido et al., 2002




Pronuclear morphology evaluation with
subsequent evaluation of embryo

morphology significantly increases
implantation rates

Nagy et al., 2003

Prospective study

The outcome measure was to determine the correlation
of pronuclear morphology with embryo morphology and
implantation rates

N=290 cycles
Method of Cycles Implantation rate
embryo selection for
embryo transfer
95 12.1%P

2 PN morphology

Day 3 morphology 98 \5%

Day 3 morphology 97 2N1%20
+

2 PN morphology

,b=p<0.05
ab=p Nagy et al., 2003

Prediction of embryo developmental
potential and pregnancy based on early
stage morphological characteristics

Sjoblom et al., 2006

e Retrospective study
o A differentially weighted scoring system was developed and its
relationship to implantation rates was analysed

N=268 cycles




o i

Description

‘ D1 (oocyte) characteristics

(day after cocyle pick-up)
Polar body ofentation

Cytoplasmic halo
Cytoplasmic textura

Mermbrane

Nucleoli

Pronuclel, size
Pronuclel, position
Pronuche, apposition

Syngamy at 25 hpl

Aggregation of smooth

endoplasmic reticulum on DO

=45* with axis of pronuclel
Otther

Present

Absent

Normal

Slightly granular

Vacuoles, dark patch, very granular
Smooth

Jagged
Equal number (<8) and polarized
Equal number and scattered

Cleavage to the 2-cell stage
of

Intact PNs
Maximum score
No freezing or transfer, total scors 0

SosmovwoucuonBoucwdowom

| Sjoblom et al., 2006

D2 (embryo) characteristics
yS after oocys
pick-up)
Zona pellucida thickness

Cytoplasm
Membrane

Blastomere size

Cell shape

Perivitelline space
Fragmentation

Developmental rate

Variable

Uniform

Clear

Granular, vacuoles

Smooth

Jagged

Equal if 2" blastomeres, otherwise in
accord with cleavage stage
har

Spherical, regular

Other

Blastomeres fill the space under the
zona

Large space between cells and zona

=10% fragmented

10%-30% fragmented
~30% fragmented

4 cells

2, 3 or =4 cells

Other

Maximum score

wowowow

nowo

0
10
5
]
20
10
0
50

| Sjoblom et al., 2006

] 40

35 4
30 4

(20)

Percent implanted embryos
]
o

(86)

<51

51-60 61-70
‘ D2 weighted score ‘

71-80

>80

[Sjoblom et al., 2006




Morphologic parameters of early
cleavage-stage embryos that correlate
with fetal development and delivery:
prospective and applied data for

increased pregnancy rates
Scott et al., 2007

e Prospective study

e The outcome measure was to evaluate the usefulness
morphological characteristics (DO, D1, D2, D3, D5) in
predicting implantation

DO (Oocyte morphology)

— Size of the 15t PB

— Shape of the 15t PB

— Size of the PVS

— Thickness of the ZP

— Texture of the
cytoplasm

e D1 (PN morphology) — Cell size

- Number of the NPB o D5 (Blastocyst morpholpgy)
— Alignment of the NPB —_ICM

— Degree of fragmentation

— Trophectoderm

D1-D2 parameters are nger predictive of
implantation than D3 morph or ability to achieve
the blastocyst stage of developments

Most significant D1/D2 factors:

— PN morphology and NPB ratio
— Day 2 cell number, blastomere symmetry, nucleation
— Ability to cleave from D2 to D3

N=155 cycles




Later stages of embryo progression are
a much better predictor of clinical
pregnancy than early cleavage in ICSI
and IVF cycles with blastocyst-stage
transfer

‘Rehman et al., 2007

e Retrospective study

e Determination of Embryo Progression Index (EPI)
by the Area Under the Curve (AUC) of total cell number
over time

N=2134 cycles

Comparison o -D3 stages vs blastocyst stages
on clinic reghancy

Early cleavage Blastulation
Z| AUC = EPI days 1-3 AUC = EPI days 1-6
Em‘ S i
2 leof
cl |
=}
z
3
o
S\ = 0
2l 1 2 3 4 B 2 Fhits: 5 8
‘ Time (days post fertilization) l

Rehman et al., 2007
I

ICSI cycles

‘ROC Curves in the prediction of clinical PR

1.0

a1 7 ""] Day1-3
) AUC=0.46

0.8+

06

Clinical Fregnancy « |
= BOS transiarrec
«ssss BOS all blastocysts 024
1 ail blastocysts| .

— aference Line

sensitivity
sensitivity

Clinical Pregnancy - IC81

e
- References Line

- S —
04 08 o8 10 oo 02 04 08 0B 1.0

\ 1-specificity | \ 1-specificity
[Rehman et al., 2007




CONCLUSION

Sequential embryo assessment

Gardner and Sakkas 2003

not-palasized NPB I
NPH in the PN 10
ch other 1o

‘ 25-26 h post insemination / ICSI

(8) Embryos that have already cleaved to form a 2-cell embeyo with even

10
10
‘ 106-108 h post insemination / ICSI ‘
ilastocoe] cavity
10




Possible concerns with

sequential embryo assessment
e Potential damage done to theembryo by performing
multiple viewvings.

e |t necessitates culture of single embryosi
which is more time consuming.

e There is no consensus about some parameters (DQ, D1)

e The weight of studied parameters remains IVF center
dependent.

Possible concerns with
sequential embryo assessment

e |t should be underlined that all vis
procedures are affected by varying in
Intra and inter observer variations are li
larger for some variables than others.

real time scoring

e Thus such qualities in a parameter may diminis
prognostic power, even if the variable is of signifi
biological importance.

Need to identify new m s of

embryo viability ?




UALITY EMBRYOS

Q
AND BLAS

ST DEVELOPMENT

No
Emb

Chﬁ%

Blastocyst dev.D5|
TQ Embryos

Fisch et al.,2001

1245 |PN + EC + D3

WS4‘Vo\t)h31$tocysts

Lan et al., 2003

1894 |PN + D3

sz\blaﬁbeyst\s

Neuber et al., 2003

1550 |PN + EC + D2 + D3

54 % blastocysts

Rienzi et al., 2005

993 |[PN+EC+ D2+ D3

77 % blastpcysts

Guerif et al., 2007

4042 |PN + EC + D2

59 % blastoﬁysts

|

fjndersand | Milkietal., IVF Unit,
M 2002 Tours-France

Number of cycles 48 100 140

Day of observ. Day 3 DM\ Day 2

No. Emb transfer. 2-3 2 1

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

No Agreement 24% 39% 4%
Blastocyst IR 30% NA 41.5%

Predictive value of embryo morphology on day 2/3
for subsequent blastocyst formation seems limited

Early parameters and blastoc. implantation ?

Della Ragione et al., 2007 | IVF Unit, Tours, France
SBT Day 5 (B3-B5 A/B) | SBT Day 5 (B3-B5 A/B)
100% Non 100% Non
Implant. | Implant. | Implant. | Implant.
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% ‘




e Reports suggest t eavage stage scoring have a
limited ability to predict tocyst development.

e Good quality blastocysts can develo
classified as suboptimal (Hadarson et al\ 2

embryos

e Even within a cohort of blastocyts with the s
alphanumeric score, there exists considerable
differences in their metabolics activity (Gardnen and
Sakkas).

There is a need toNdentify
new markers o
embryo viability !

e Service de Medecine
et Biologie de la Reproduction
‘ CHU Tours — Unité FIV
e Pr D Royere
e Dr F Guérif
e R Bidault
e V Cadoret
e O Gasnier
C Jamet
MH Saussereau
M Lemseffer
P Feuerstein




