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The evolution of Al

1950s - Artificial Intelligence

1980s - Machine Learning

2010s - Deep Learning
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Embryo through the lens: g
from time-lapse 9
cinematography to

artificial intelligence

Elnur Babayev, M.D. and Eve C. Feinberg, M.D.

Northwestern University Feinberg School of Medicine, Chicago, Illinois https://doi.org/10.1016/j fertnstert.2019.12.001

The February 1970 issue of Fertility and Sterility contains the amiciefisnyf FetilkalicNBf R2GES NJi:A £ A
CiheYSuefcSdj [dzStyD So &2 . Pigksds)yisashiicscopy and timdapse micrecinematography

were used to observe rabbit oocyte fertilization and embryo development. The author provided detailed
documentation on the timing of oocyte penetration by spermatozoa, polar body extrusion, formation of
pronuclei, and cell divisions in early embryos.

Brackett BG. In vitro fertilization of rabbit ova: time
sequence of eventds:ertil Steril1970;21:16976.
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History
of « modern » TLT

Single-point
morphological
assessment
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FE| 1Payne et al. Hum Reprod. 1997;12:532-541.
’Meseguer et al. Hum Reprod. 2011;26:2658-2671.



History
of « modern » TLT

Continuous
Single-point embryo
morphological monitoring
assessment
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History
of « modern » TLT

Continuous
Single-point embryo Manual
morphological monitoring algorithms
assessment
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History
of « modern » TLT

. - Continuous Automated
Single-point embryo Manual image
morphological monitoring algorithms analysis
assessment platforms
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Morphokinetics and what we do not see!

Winston Churchill e Roger Bannister e Jimmy Fixx
Brank e Thefirstmantorun e Started Americ:
the 4 minute mile fithness revoluti

Smoked Cigars o Exercised frequently

Overweight

popularizing ru




Morphokinetics and what we do not see!

Winston Churchill ® Roger Bannister e Jimmy Fixx

Brank e Thefirstmantorun e Started Americ:
the 4 minute mile fithess revoluti

Smoked Cigars

‘ I
-
¥

e Exercised frequently
Overweight

) Who lived the longest?

popularizing ru




Morphokinetics and what we do not see!

Winston Churchill ® Roger Bannister e Jimmy Fixx

Brank e Thefirstmantorun e Started Americ:
the 4 minute mile fithess revoluti

Smoked Cigars o Exercised frequently

Overweight

) Who lived the longest?

popularizing ru




Artificial intelligence for embryo assessment

Deep learning as a predictive tool for
fetal heart pregnancy following
time-lapse incubation and blastocyst
transfer

D. Tran'”*, S. Cooke?, PJ. lllingworth?, and D.K. Gardner’

ARTICLE  open 1P ‘ Digital Medicine Computers in Biology and Medicine 115 (2019) 103494
Deep learning enables robust assessment and selection of .~ . Stz elimnnt et ast imtise S S

human blastocysts after in vitro fertilization Mikkel F. Kragh*"*, Jens Rimestad®, Jorgen Berntsen®, Henrik Karstoft*

Pegah Khosravi'?, Ehsan Kazemi’, Qiansheng Zhan®, Jonas E. Malmsten (f, Marco Toschi®, Pantelis Zisimopoulos'?,
Alexandros Sigaras'?, Stuart Lavery®, Lee A. D. Cooper(®f, Cristina Hickman®, Marcos Meseguer’, Zev Rosenwaks®,
Olivier Bemento'**, Nikica Zaninovic* and Iman Haiirasouliha'?

human
SCIENTIFIC

ive BioMedicine Onli 3) 26, 42-49
REPORTS R"’m L ) | Development of an artificial
mumsssh o Artificial intelligence techniques for embryo intelligence-based assessment model

Predicting pregnancy test results and oocyte classification for prediction of embryo viability using
after embryo transfer by image

feature extraction and analysis Claudio Manna *®, Loris Nanni ¢, Alessandra Lumini %, static images captured by optical light
. . : Sebastiana P lardo * 2 .
using machine learning i microscopy during IVF
o o ar sy A ey s Ly S M. VerMilyea' 1, ].M.M. Hall4!, $.M. Diakiw®, A. Johnston®*,
Video Article T Nguyen’, D. Perugini’, A.Miller', A. Picou',A.P. Murphy’. and
A Neural Network-Based Identification of Developmentally Competent or M. Perugini’4*

Incompetent Mouse Fully-Grown Oocytes
Federica Cavalera’, Mario Zanoni', Valeria Merico', Thi Thu Hien Bui'?, Martina Belli'®, Lorenzo Fassina®, Silvia Garagna', Maurizio Zuccotti'



* Different images
* Different software

* Different culture conditlons
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EMBRYOSCOPE plus

C CO2/ 02 incubator

C Capacity: 15 patients with 16 embryos (total 240 embryos)
C Air purified by activated carbon and HEPA filter

C Total time of exposure to light: <40 sec / day (per embryo)
C Highquality Hoffman modulation contrast optics

C Time between image acquisitions: 10 minutes

C Image acquisition in multiple focal planes

C Dry incubation
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EMBRYOSCOPE plus

SAFE CULTIVE ENVIRONMENT FOR EMBRYOS
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Relationship between Implantation Rate and the KID Score Day 5

Groups of similar interval length

p<.05
KIDScore Day 5 v2 A
V2
1316 :
IERIENGLLENE) 38.6%
embryos
N 34/88
p<.05
KIDScore Day 5 v3 81
V3
1952 .
INUERIEWGLILEIEY 35.44%
embryos
N 28/79
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206 > s.o 501 ~ 705 > 705
38.2% 52.5% 56.7%
83/217 277/528 274/483

26-50 5.1-75 >7.5

41.55% 55.77% 68.01%

145/349 609/1092 294/432

Quartiles of similar sample size

KIDScore Day 5 v2

Implantation Rate

N

KIDScore Day 5 v3

Implantation Rate

$53 54-71 7.2-7.9
39.3% 48.4% 59.2%
129/328 168/347 190/321

5.3 54-64 65-74
41.0% 54.2% 59.3%

215/524 274/506 270/455

28.0

56.6%

181/320

27.5

67.9%

317/467



Relationship between Implantation Rate and the KID Score Day 5 in good quality embryos (A+B, ASEBIR Criteria 2015)

p<.05
6,79

7 6,37
KID Score Day 5 VERSION 3 "
1.5420 .
Implanted 6.790 ; 972 .
Non-implanted 6.368 1.5502 696 8
1
0

Non-Implanted Implanted
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Relationship between Live Birth Rate and the KID Score Day 5

p<.05
KIDScore Day 5 v2 B4 % | 54-7.1
V2
A Live Birth Rate 24.8% 35.2%
embryos
N 79/318 121/344
p<.05
KIDScore Day 5 v3 L% 54-64
V3

867 |NTRNTNNNN 2020% 25.10%
embryos

49/242  55/219
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7.2-79

141/315 127/303

65-74

40.30% 48.60%

102/210
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Relationship between Euploid Rate and the KID Score Day 5

60% 55.10% 60% 58,20%
p<.05 p<.05
50% il o 48,60%
< 41,10%
[ 40%  36,20%  36,80% 40%
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w 10% 10%
0% 0%
<39 40-56 57-7,5 >7,6 <34 3.5-5.0 5.1-6.4 >6.5
N= 337 N= 337 N= 350 N=323 KID Score Day 5 N= 497 N= 472 N= 506 N= 462
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Relationship between Chromosomal Content and the KID Score Day 5
I
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KID Score Day 5 VERSION 2

: Standard
Ploidy Mean R
V2
1347 Euploid embryos 5.96 2.14
embryos
Aneuploid embryos 5.31 2.19
KID Score Day 5 VERSION 3
. Standard
V3 Ploidy Mean Deviation
1937
embryos Euploid embryos 5.25 1.87
Aneuploid embryos 4.59 1.80

p<.05

595

752

p<.05

879

1058
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Percentage of implanting blastocysts with morphological dynamics variables within or beyond the ranges defined by the quartile limits for the total
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area, *P=.04; and (D) maximum blastocyst area, *P=.004.
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|A and deep learning 0o
embryo evaluation
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EMBRYO ANNOTATION AND SELECTION

3
7 :
t8 —_—
-ICM
' TE

Implantation model
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Contents lists available at SclenceDirect

Al (indirect) = =

Computers in Biology and Medicine

4
FISEVIER journal homepage: www alsavier.comiocate/compbiomed
Automatic grading of human blastocysts from time-lapse imaging )
Mikkel F. Kragh*"', Jens Rimestad ", Jorgen Berntsen ", Henrik Karstoft* -

* Deparment of Exgincoring, Aarfus University, Denmark
* Virolife A/S Devemark




BLASTOCYST GRADING WITH TIME-LAPSE VIDEOS

Input : Image . Sequence |
P . Features = Learning Ereaichion

v ._
90h

v |
91h

ICM A
TE
111.02h A
8664 day 5 blastocysts CNN: Convolutional Neural Network

RNN: Recurrent Neural Network
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INTER- AND INTRA-OBSERVER VARIATION

ICM
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Similar studies: Richardson et al. (2015), Adolfsson et al. (2018)
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INTER- AND INTRA-OBSERVER VARIATION

Similar studies: Richardson et al. (2015), Adolfsson et al. (2018)

-
w = FERTILITY

o0

10

30

20

ICM

20

ICM

3

30




GUIDED ANNOTATION
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Value
2
27.6 h
38.6 h
38.8 h
50.6 h

100.4 h



IDASCORE /
EmbryoViewer

EmbryoScope ES Server
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SCORE

Score: 2.0

Score: 6.3 Score: 9.5
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EMBRYO ANNOTATION AND SELECTION
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IDASCORE

| | vy | iDAScore
= Full time-lapse sequences = o FIEEE
= 18 clinics FH- 1,079 10,307
. Discards 7,063 101,188
= Linked to fetal heartbeat (FH) Total 8.836 115.832

iDAScore
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EVALUATING IDASCORE

AUC

10

1

iDASCORE Test

1

08

1

06

Positive fetal heartbeat

1

04

Negative fetal heartbeat 1,551

|

02

Discards 15.037

True positive rate (Sensitivity)

AUC: 0.95 [0.947-0.956]

00
1

I I 1 ) I I

10 08 06 04 02 00
False positive rate (Specificity)
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EVALUATING IDASCORE

Area Under the Curve (AUC) Diagnostic Test Quality

1.0-0.9
0.9-0.8
0.7-0.8
0.6-0.7
0.5-0.6
<0.5

Excellent

Very Good
Good
Sufficient

Poor

Test not usefull

Source: Simundié, A.M., 2009. Measures of diagnostic
accuracy: basic definitions. Ejifcc, 19(4), p.203.
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INSIDE THE CLINIC

= Integrates with existing system = Fully automatic
— No manual annotations
— Independent of embryologist

= Consistent and accurate Cxpetichce

EmbryoScope

= |nstant evaluation

ES Server EmbryoViewer
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Human Reproduction, Vol.34, No.6, pp. 1011-1018, 2018
Advance Access Publication on May 21, 2019  doi:10.1093/humrep/dez064

human
reproduction

Deep learning as a predictive tool for
fetal heart pregnancy following
time-lapse incubation and blastocyst

transfer

D. Tran'#* S. Cooke?, PJ. lllingworth?, and D.K. Gardner?

'Medical Al, Harrison Al, Barangaroo, NSW, Australia 1Embr)'o\ogy, IVF Australia, Greenwich, NSW, Australia ]Embryclogy, Melbourne

IVF, East Melbourne, Victoria, Australia

8,389

with known pregnancy

outcomes

7,719
NEGATIVE

670
POSITIVE

10,208 Embryos

1,326
PENDING

ROC curve for FH Pregnancy

True Positive Rate (Sensitivity)

=— AUC = 0.93

04 06
False Positive Rate (1 - Specificity)

0.8 10

Figure 2 ROC curve for prediction of FH pregnancy on the
testing dataset by IVY. ROC, Receiver operating characteristic;
AUC, area under the curve.

1,819
undetermined

493
MULTI-TRANSFER




E—— ]
Al technology exceeded expert human embryologists after only one day of training

PREDICTIVE POWER

Expert Embryologist

0 0.250.50.75 1 1.251.51.75 2 2.252.52.75 3 3.253.53.75 4 4.254.54.75 5

Days of Training
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Time of morulation and
trophectoderm quality are predictors
of a live birth after euploid blastocyst
transfer: a multicenter study

Laura Rienzi, M.Sc.,® Danilo Cimadomo, Ph.D.,? Arantxa Delgado, Ph.D.,® Maria Giulia Minasi, M.Sc.,®
Gemma Fabozzi, M.Sc.,” Raquel del Gallego, M.Sc.,® Marta Stoppa, M.Sc.,? Jose Bellver, M.D.,P
Adriano Giancani, I\/I.Sc.,a'd Marga Esbert, Ph.D.,° Antonio Capalbo, M.Sc.,d'fJose Remohi, I\/1.D.,b
Ermanno Greco, M.D.,© Filippo Maria Ubaldi, M.D., Ph.D.,* and Marcos Meseguer, Ph.D.P

Fertility and Sterility® Vol. 112, No. 6, December 2019

A Onlytime of morulation (t\) and
trophectoderm:quality:were outlined: as
putative predictors of live birthratitwo/ IVF
centers

A In the validation set, the euploid blastocysts
characterized byiv <80 hours-and high
quality trophectodermaesulted in/az LBR of
55.2% (r= 37/67), whilerthasewvithiv >80

== hoursand-adaw quality tropheg
_Q=" FERTILITY resulted inca EBR' of; 25:5%




