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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:
from time-lapse
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 article, “In Vitro Fertilization of Rabbit Ova:
Time Sequence of Events’’ by Brackett. Phasecontrast microscopy and time-lapse micro-cinematography
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 events. Fertil Steril 1970;21:169-76.
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History
of « modern » TLT

Single-point
morphological
assessment

" B gEEeet
29 =g
19971 e — 2020

20112

D3 culture Blastocyst culture

FE| 1Payne et al. Hum Reprod. 1997;12:532-541.
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History
of « modern » TLT

Continuous
Single-point embryo
morphological monitoring
assessment

—_—
L 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 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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’Meseguer et al. Hum Reprod. 2011;26:2658-2671.
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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 pl/us

d CO2 /02 incubator

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

1 Total time of exposure to light: <40 sec / day (per embryo)
[ High-quality Hoffman modulation contrast optics

[ Time between image acquisitions: 10 minutes

O Image acquisition in multiple focal planes

O Dry incubation
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EMBRYOSCOPE plus

SAFE CULTIVE ENVIRONMENT FOR EMBRYOS
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D C 02 / O2 Variable |Un'rt |Aver.'age ‘ Min | Max ‘Sthev Set-Point
D pH Temperature Cc 37.00 36.98 37.02 0.007 37.0
D \/O C CO2 Concentration % 7.38 7.25 7.46 0.032 7.4
C02 Flow I/h 0.36 0.01 0.60 0.096 0.0
O Images
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N2 Pressure bar 0.44 0.42 0.48 0.013 0.0




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

—
w =" FERTILITY

7.2-79

141/315 127/303

65-74

40.30% 48.60%

102/210

60%

50%

40%

30%

20%

10%

0%

40,30%

25,10%
20,20% I
59

e 54-6.4 6.5-74

KIDScore Day 5 Version 3

48,60%



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%
o 34,20%
© 30% 30%
m (]
R
o n 20%
o
>
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

) -—J

——
/_Q= FERTILITY

R



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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area, *P=.04; and (D) maximum blastocyst area, *P=.004.
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IA and deep learning —
embryo evaluation
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EMBRYO ANNOTATION AND SELECTION

3
7 :
t8 —_—
-ICM
' TE

Implantation model

|

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

50
10
30
20

10

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)
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GUIDED ANNOTATION

/ Anno. Tool

L PN
L+ G ; 2
ol s ) - t3
el |« ta
— t5
tB
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Not Agshaatie [/ ]
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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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Embryologist

Implantation model
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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.,? Damlo Cimadomo, Ph.D.,? Arantxa Delgado, Ph.D.,” lVIana Giulia lVImaS| M.Sc.,©
Gemma Fabozzi, IVI Sc.,? Raquel del Gallego, IVI Sc Marta Stoppa, M. Sc Jose Bellver, M.D.,P
Adriano G|ancan| M. Sc 2d Marga Esbert, Ph.D.,° Antomo Capalbo, M.Sc. deose Remohi, M. D .
Ermanno Greco, M. D.* F|I|ppo Maria Ubaldl M. D Ph.D.,® and Marcos Meseguer Ph.D.P

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

Embryos at tM " Only time of morulation (tM) and
trophectoderm quality were outlined as
‘ ‘ . . . ‘ putative predictors of live birth at two IVF
centers.
High-quality TE at tB Low-quality TE at tB

= |n the validation set, the euploid blastocysts
characterized by tM <80 hours and high-
quality trophectoderm resulted in a LBR of

gé)) EE;aar;n;[Ieesso?cflgvr:zLyjlst;}EtZe; :éme of morulation (tM). (B) Examples of high-quality trophectoderm (TE) and the time of blastulation (tB). 55.2% (n — 37/67)’ While those With tM >8O
g hours and a low quality trophectoderm
_= FERTILITY resulted in a LBR of 25.5% (N = 13/51).




tM<80h
n =510 embryos

Clinical Result Prediction

Implantation Rate Ongoing Pregnancy Rate
100% 100%
90% 90%
- N O .
70% 7 63.6%
58.3% -
60% 60%
47.2%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
tM < 80h tM 2 80h tM < 80h tM 2 80h
®m Embryologists ® Geri&Asess 2.0 ;;'"0' 'A""'.."'r';“gm;;fm‘ prodictans ®m Embryologists m Geri&Asess 2.0
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Clinical Result Prediction

tM<80h
n =510 embryos

Implantation Rate Ongoing Pregnancy Rate
100% 100%
< *
sox peaal oo p < 0.001*
80% 72 0% I 80% I I
70% 62. 7% 70% 63.6%
o s wx
47.2%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%
tM < 80h tM 2 80h tM < 80h tM 2 80h
m Embryologists ® Geri&Asess 2.0 g:'"“ ""’3‘.1.’;3.:3".“ —— ®m Embryologists ® Geri&Asess 2.0
FERTILITY



Consistency and objectivity of
automated embryo assessments
using deep neural networks

Charles L. Bormann, Ph.D.,*? Prudhvi Th|rumalaraju B. Tech,“ Manoj Kumar Kanakasabapathy M. Tech,*
Hemanth Kandula, B. Tech Irene Souter, M.D_,? Irene D|m|tr|ad|s M.D., Ph. D
Raghav Gupta, B. Tech Rohan Pooniwala, B. Tech and Hadi Shaflee Ph.D.25

Fertility and Sterility® Vol. 113, No. 4, April 2020

Either discarding or selecting embryos for biopsy for cryo-preservation

A B

100+ 100+
L 80 = 3 80
: & ® : ........................ — e, e o... g
o 60- ........................................................................ ‘ ...................... o 60 .
[ = 2] =
S ® - L. )
2 @] . R, . S — 2 404
2 o 2 . @
O ® O
O 20+ O 20+

0 L] L] L] L] : o L] L] L] L] :

0 2 4 6 8 10 A 0 2 4 6 8 10 A
Embryologists Embryologists

Variability (%CV averages):

* Embryologist: 82.84% for 70 hpi and 44.98% for 113 hpi
w = FERTILITY = Neural Network: 16,08%



Obstetric and perinatal outcomes of
pregnancies conceived with embryos
cultured in a time-lapse

monitoring system

Maria Fernanda Insua, Ph.D.,® Ana Cristina Cobo, Ph.D.,* Zaloa Larreategui, Ph.D.,° Marcos Ferrando, M.D.,°
Vicente Serra, Ph.D.,* and Marcos Meseguer, Ph.D.?

2 |VI Valencia, Valencia; and ® IVI Bilbao, Bilbao, Spain
Fertility and Sterility® Vol. 108, No. 3, September 2017

Patient(s): Of 856 randomized patients, 378 gave birth to a live-born infant: 216 of the deliveries originated from
embryos incubated in TLS, and 162 deliveries were from embryos cultured in SI.

Result(s): No significant differences were observed in the baseline characteristics of the study population.
The delivery rate was 49.3% (TLS) vs. 40.0% (Sl), and multiple deliveries were higher in the TLS group: 31.0% (67 of
216) vs. 24.7% (40 of 162) in the Sl group.

Conclusion(s): No detrimental effects were observed in obstetric and perinatal outcomes when a time-lapse
incubator was used rather than a more widely used conventional incubator.
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Does a universal TLT algorithm exist?

* Probably not.

* Each laboratory should perform a proper validation, certifying the
value of each variable introduced and the corrections for putative
confounders that could influence the algorithms

-
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EMBRYOSCOPE - KIDScore D5

KIDscore D5 is based on information on embryonic development up to the 5th of
approximately 1100 embryos with known implantation status.

Score: 1 - 9,9 (according to the chance of implantation)

Cleavage regularity

g Development Velocity.

Score Blastocist quality

~
7~

Implantation rate
SCORE
|

—
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FERTscore FERTILITY

= PN

* pronuclei appearance (tPNa)

" timing to pronuclei fading (tPNf)

" timing to two (t2), three (t3), four (t4), five,
(t5), six (t6), seven (t7), and eight cells (t8)

" timing to blastulation (tB)

* duration of the second cycle (t3-t2) - cc2

= duration of the third cycle (t5-t3) - cc3

(t2-tPNf) - s1

= (t4-t3) - s2

= (t8-t5) - s3

<g—
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Parimetros de Avaliacio Embryoscope - Fertility

Varidvel Descrigdo Valores Avaliacio Intervalo Referéncia
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" tPNa

Time from insemination unti
pronudel appearance

]

Comments =

Stepby
® Varisble O Well

" tPNf

Time from insemination until
pronudei fading

Annotate

- Comments -

| Confirm Estimates
Not Applicable
prev []] [ Next
Strategy
A e =
Step by
© Varisble Well

Anno. Tool

MN-2 Cells
MN-2 Type
3
t4
MN-4 Cells
MN-4 Type

Anno. Tool
tPNa
PN
PNF
©2
MN-2 Cells
MN-2 Type
3
t4
MN-4 Cells
MN-4 Type

Value
7.4h
2
22.6h
25.0h
2 cell(s)
Multi
36.4h
36.7h
0 cell(s)
Mono
49.0h
493 h
50.5h
52.9h
76.7h
97.4h
105.4 h
A
A

Value
7.4h
2
22.6h
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MN-2 Cells

Comments |
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step by
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T Time from i to
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complete dwision to three cells
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7.4h
2
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MN-4 Cells

Assessment of the number of
blastomeres with multinucleation
ot 4-cell stage
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Embryoscope FERTILITY
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= 427 ciclos

= 372 pacientes )
v"3.020 ovocitos cultivados
v'2.398 2PN (79,4%

v'1.488 blastocistos: 62,1% 2PN

d 2018: 49,9% 2PN
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Andlise discriminante de parametros associados a formacéo de blastocisto

Né&o blastocisto Blastocisto
(n=657) (n=563)
Cut-off Variavel Média DP Média DP p-value
tPNa 7,36 4,03 6,57| 2,04
tPNf 24,35 5,24 2290| 6,02
t2 27,26 5,33 25,29 3,19 <0.001
S1 (t2-tPNf) 19,90 3,68 18,71 2,82
t3 36,50 6,79 36,02| 4,65
cc2 (t3-t2) 9,24 5,22 10,74 3,10
t4 39,74 7,29 37,46 4,43
s2 (t4-t3) 3,24 4,64 1,43 2,69 <0.001
td 48,30 9,59 48,77 7,15
cc3 (t5-t3) 11,80 6,68 12,75| 4,62
t6 53,28 10,44 51,55 7,02
t7 57,34 11,62 54,21 8,40 <0.001
8 62,06 13,07 57,25 9,51
s3 (t8-t5) 13,75 10,05 8,48 7,84 <0.001
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Andlise discriminante de parametros associados a formacéo de blastocisto

Né&o blastocisto Blastocisto
(n=657) (n=563)
Cut-off Variavel Média DP Média DP p-value

tPNa 7,36 4,03 6,57| 2,04

tPNf 24,35 5,24 22,90 6,02
26,27 |12 27,26 5,33 25,29 3,19 <0.001

S1 (t12-tPNf) 19,90 3,68 18,71 2,82

t3 36,50 6,79 36,02| 4,65

cc2 (t3-t2) 9,24 5,22 10,74 3,10

t4 39,74 7,29 37,46 4,43
2,34|s2 (t4-13) 3,24 4,64 1,43 2,69 <0.001

td 48,30 9,59 48,77 7,15

cc3 (t5-t3) 11,80 6,68 12,75| 4,62

t6 53,28 10,44 51,55 7,02
55,787 57,34 11,62 54,21 8,40 <0.001

8 62,06 13,07 57,25 9,51
11,12|s3 (t8-t5) 13,75 10,05 8,48 7,84 <0.001

76,1% de casos originais agrupados corretamente classificados




EmbryoScope FERTILITY

ICSl e OVODON
Convencional (n=764) Embryoscope (n=119)
Variaveis p
Média DP Média DP
Taxa de fertilizacéo (%)
76,5 25,0 74,4 26,5 0.255
Taxa de blastocisto (%)
59,2 25,0 66,0 25,4 0.003
Embrides transferidos (n)
2,0 0,6 1,2 0,9 <0001
: o
Taxa de implantacéo (%) 245 373 36.4 42.2
0,006
Taxa de gestacao (%)*
34,6 55,7 <0.001
Taxa de aborto (%)*
11,5 2,3 0,001

_
w = FERTILITY




Resultado clinico estratificado por idade

EmbryoScope FERTILITY

Até 35 anos

Convencional (n=182) Embryoscope (n=181)

Média DP Média DP P
Taxa de implantagao (%) 419 55 208 63 0147
Taxa de gestacio (%) 516 38.3 0.166
Taxa de aborto (%) 16.1 278 0.329
36 a 39 anos

Convencional (n=182) Embryoscope (n=275)

Média DP Média DP P
Taxa de implantacgéo (%) 297 | 49 24 4 | 4.4 0.421
Taxa de gestacao (%) 329 373 0.576
Taxa de aborto (%) 12.5 74 0.542
=z 40 anos

Convencional (n=140) Embryoscope (n=225)

Média DP Média DP P
Taxa de implantagéo (%) 11.1 | 4.2 21.0 | 45 <0.001
Taxa de gestacio (%) 141 288 0.045
Taxa de aborto (%) 313 320 0915

<g—
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EmbryoScope FERTILITY

a#b#c#d, p<0,001
General linear model, fungao Log linear, distribuicao Poison

——
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Improved embryonic development and utilization rates with EmbryoScope: A within-subject

comparison versus a benchtop incubator

ZYGOTE

Table 2. Comparison of embryonic development between Control

and TLI groups using GzLM followed by Bonferroni post hoc test

Variables Control group (n=71) | TLI group (n=71) p-value
Fertilization (%) 76.0+1.3(73.5-78.7) | 80.0+ 1.4 (77.2-82.6) | 0.044
Non-fertilization (%) 148106 (13.7-159)|6.3+£0.4 (5.6 -7.0) <0.001
Day-2 non-cleavage (%) 3.8+0.2(3.3-4.3) 1.1+0.1(0.9-1.3) <0.001
Cleavage (%) 85.3+1.2(83.0-87.7) | 84.2+ 1.3 (81.7 —86.8) | 0.521
Day-5 embryos (%) 62.4 + 1.0 (60.5-64.3) | 86.4 + 1.1 (84.2 — 88.6) | <0.001
Blastocyst development (%) | 40.9 + 1.1 (38.8 —43.1) | 55.6 £ 1.3 (63.1 — 58.1) | <0.001
Frozen blastocyst (%) 31.8+0.8(30.3-33.3) | 37.0+ 0.9 (35.2 - 38.9) | <0.001
OUR 40.7 £ 1.0 (38.8 —42.7) | 50.2 £ 1.1 (48.0 — 52.4) | <0.001
P, EUR 52.4+1.1(50.3-54.7) | 66.6 + 1.2 (64.3 — 68.9) | <0.001
| >

Note: Values are means + standard error (95% confidence interval). TLI: timelapse imaging,
GzLM: generalized linear models, OUR: oocyte utilization rate, EUR: embryo utilization rate.




Time-lapse monitoring: an adjunct tool to select embryos for preimplantation genetic testing

Results from General Linear Models followed by Bonferroni Post Hoc for the comparisen
5| of embryo morphokinetics between aneuploidy and euploidy embryos.

Meorphgkinetic data Euploid embryos Aneupleoid embryos | p-value
(n=352) (n=605) Fertil Ity

tENa 6.220 + 000 6,222+,067 0.974 and Sterlllty
tPNF 22503 +0.157 24,063+0.000 < 0.001
t2 24.998:0.0 24,998:0.157 <0.001
13 36,141,000 37 684+, 152 <0.001
t4 372542227 39,259+, 171 < 0.001
t5 49,868+,000 49,862+,239 0.981
16 50,760+,000 53,026+,268 <0.001
17 52 561+,358 54 797+,269 <0.001
t8 55 435+ 431 58 653+,338 <0.001
t™ 85,845+ 467 87 370+,366 0.024
) 105,3190.000 108,63920,000 <0.001
cc2 1132013 11.320.10 0.809
cc3 127025 12.40.19 0.327
s1 25004 26003 0.108
s2 1.0+0.12 13+0.09 0.022
3 70£038 837+029 0.006
MN in two cell stage | 0.32 = 0.028 0.36 + 0.022 0.275

- MN in four cell stage | 0.075 = 0.015 0.079 £ 0.012 0.845

) g .

KidScore D5 6.6 £0.0 5.7 0.83 < 0.001
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_|
Variable Mean £ SD
Female age (years) 37.7+3.8

embryos in a time-lap:
I
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Variable Mean + SD

Semen analysis

Male age (years)

41.3+6.8

Ejaculatory abstinence length (days)

3.2%25

aNDROLOGIa

Early and late paternal contributio
P

n to cell division of

embryos in a ti

11.5%

@ OAT

13.7%

‘T

74.8%



arly and late paternal contribution to cell division of
embryos in a time-I.

Variable Mean = SD

ICSI outcomes
Fertilization rate (%) 75.8
Blastocyst development (%) 64.4
Transferred embryos (n) 1.3+0.5
Endometrial thickness (mm) 83144
Implantation rate (%) 24.4£56.0
Pregnancy rate (%) 24.0
Miscarriage rate (%) 0.0

to‘ FERTILITY



aNDROLOGIa

Early and late paternal contribution to cell division of
embryos in a time-lap:

B: 0.043, CI: 0.006 — 0.081,
p: 0.043

B: 0.056, Cl: 0.001 — 0.110,
p: 0.044

B: 0.066, Cl: 0.014 — 0.118,
p: 0.012

B: 0.080, ClI: -0.002 - 0.163,

p: 0.046
Paternal B: 0.195, ClI: 0.003 —0.387,
age p: 0.046
Exp(B): 1.027, CI: 1.043 — 1.203, p:
0.004
Exp(B): 1.116, ClI: 1.034 — 1.205, p:
0.005
B:-1.933, Cl: -2.426 —-1.441,
p<0.001
Exp(B): 0.899, Cl: 0.860 — 0.940,
p<0.001



aNDROLOGIa

Early and late paternal contribution to cell division of
embryos in a time-lap:

B:-0.016, Cl: -0.032 —-0.001, p:
t4 0.037
B: -0.028, CI: -0.052 —
t6

-0.003, p: 0.027
B:-0.044, Cl: -0.073 —
-0.015, p: 0.003
B:-0.054, Cl: -0.087 —
-0.021, p: 0.002
B: -0.050, Cl: -0.089 —

tB ' -

t7

PSM

-0.012, p: 0.010
B:-0.033, CI: -0.060 —

s3 -

-0.006, p: 0.019
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Gartner Hype cycle

Five key phases of a technology’s life cycle

‘ Peak of Inflated Gartner Hype Cycle
Expectations 1A
2021
:
onle \ 4
% e
g Plateau of
& .,jé‘ Productivity
2nd and 3rd generation
products
-
Innovation Trough of
Trigger Disillusionment

= 2010 2014- 20.?%'e
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Time lapse technology (TLT) -
deal automation partner




Embryo through the lens: g
from time-lapse i
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

“Once a new technology rolls over you, if you’re not part of the steamroller, you're part of the road.”

—Stewart Brand

St FERTILITY Brackett BG. In vitro fertilization of rabbit ova: time
sequence of events. Fertil Steril 1970;21:169-76.
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