ART LABORATORY AUTOMATION
ART Laboratory: past, present and future

Montse Boada

Hospital Universitario Dexeus
Barcelona



NO

DISCLOSURES

............................................................................................................................ Dexeus®

mujer

- Participation in any of the industrial companies mentioned in this lecture

- We have received research support from some of these companies

2

ART Laboratory Automation: ART lab Past, Present and Future. M. Boada DEXEUS FORUM, Barcelona, 21-23 November 2018



Steptoe PC & Edwards RG.
p ___________________________________________________________________________________________________________________________________ Dexeus®

mujer
Birth after the reimplantation of a human embryo

Lancet 1978; ii: 366.

(i Evening News_

Meet Louise, the world’s
first test-tube arrival

&
40 years ago... Jf
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Birth after the reimplantation of a human embryo
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Lancet 1978; ii: 366.

Evening News

st V-

eet Louise, the world’s
first test-tube arrival

The 2010 Nobel Prize of Physiology or Medicine
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2006 and 2013
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ART INDICATIONS
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FIV - FECUNDACIO IN VITRO

MNOUCCIO OVULACIO
(TRACT. HORMONAL)

OSTENCIO D'O0CITS .. ®

FECUNDACIO IN WTRO

OBTENCIO

TRANSFERENCIA DELS
EMERIONS A LOTER

30% 30%

Unknown: 15%
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Z)Mubal factor:

Ective Hysterosalpingogram
(Fgery: microsurgery: after falloposcopy:

Balpingolysis, salpingostomy, excision &

eanastom. (success from 10-40%)

== Uterine distortion or anomalies: -

Myomectomy for fibroids

-~ Metroplasy in certain cases

® -I.V.F programme

ESHRE PGD Consortium data collection XIV-XV:

cycles from January 2011 to December 2012 with

pregnancy follow-up to October 2013 @
M De Rycke =, V Goossens, G Kokkali, M Meijer-Hoogeveen, E Coonen, € Moutou

Human Reproduction, Volume 32, Issue 10, 1 October 2017, Pages 19741994,

mujer

FERTILITY
PRESERVATION
UPDATE:
CONSENSUS
MEETING

Marew Cotet
o R Ao b0
Bavmicon

» =
-t

®,

Oocyte cryopreservation
for age-related fertility losst
ESHRE Task Force on Ethics and Law, including, W. Dondorp'*,

G. de Wert!, G. Pennings?, F. Shenfield?, P. Devroey*, B. Tarlatzis®,
P. Barri%, and K. Diedrich”
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ARTINDICATIONS Dexeus?

Hum Heay:2(4j:321—3.

Pregnancy after the replacement of a frozen-thawed embryo with less than 50%
intact blastomeres.

mujer

r 19;344(6268):768-70.

Pregnancies from biopsied human preimplantation embryos sexed by Y-specific DNA |
amplification.

Hum Reprod. 1994 Nov;9(11):2156-9.

Twin pregnancy after preimplantation diagnosis for sex selection.
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MY FAMI

Creation of the Dexeus Mujer medical team
lllustrations by Cristina Losantos

Tipus de parelles: 99.5% heterosexuals, les homosexuals s han multiplicat per 5 els
dltims 10 anys. Les homosexuals masculines son més del doble que les femenines

Every family is unique, no two are alike.

8.000.000

6.000.000

4.000.000

2.000.000

9.500.343

Cens 2001

11.418.614

Cens 2011

- 10.000

5.000

W Heterosexuals

B Homosexuals femenines

= Homosexuals
masculines

INE, 2011
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@an 12-18;307(5947)174-5.

The establishment and maintenance of pregnancy using in vitro fertilization and embryo donation
in a patient with primary ovarian failure.

Programa de donacién de ovocitos
en el Instituto D
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CLINICAL PROCEDURES

Ovarian stimulation and luteal phase support:

Purified urinary products
Intramuscular injections
Single bolus dose of hCG

Image courtesy of Merck
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CLINICAL PROCEDURES

Embryo transfers without ultrasound guidance
and the patient in a supine position

Human Reproduction vol.15 no.3 pp.616-620. 2000

Embryo transfer under ultrasound guidance improves
pregnancy rates after in-vitro fertilization

B.Coroleu', O.Carreras, A.Veiga, A.Martell,
F.Martinez, L.Belil, L.Hereter and P.N.Barri

Multiple pregnancies
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ART Laboratories
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ART Laboratory: past, present and future

“Embryology laboratories have become eplcenters Q(%,S{t__ed reproductive
technology as the practice of IVF has moved to blast ?ers and the utilization

of trophectoderm biopsy for PGT.” Dean E. Morbeck 2015

"The results of ART procedures are especially influenced by the laboratory staff’s
skills to handle high-tech equipment and their accuracy, persistence and patience

in performing micromanipulations on gametes and en‘vb'r)'/os. N
|

1 " ™ BN |
$ -

- X Kovacic et al, 2015

resent and Future -23 November 2018
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“There are well over 200 other variables (culture media) that may
influence the results in an IVF cycle”

In: Human Embryo Culture media Comparisons. Pool et al 2012

More than 200 factors!
Behr and Wang, 2004; Pool et al., 2002, 2005, 2012

Standardisation?

Correct operation of ART laboratory: .
Automation?
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- Environmental conditions
- Gamete and embryo manipulation
- In vitro culture conditions

- Embryo selection ...
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TECHNOLOGICAL ADVANCES:

Markers
Implantation <35 years Time-lapse]

I Improved lab design ] m
40 - Assisted Hatching Sequential media
35 1 Improved H SOM media m

Micromanipulation

| [irpoed e T
25 -
20 -
15 -

A

J Cohen, ALPHA 2012

ART LABORATORIES:

- Equipment

- Procedures

- Lab construction

- Witnessing

- Quality Management System
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IVF PROGRAMME I.U.DEXEUS

* 12.07.1984
First IVF birth in Spain

*21.07.1987
First birth in Spain with
frozen-thawed embryos

©24.11.1988
First birth in Spaip after egg donation

* 18.12 1990
First birth in Spain after PZD

* 15.03.1994
First birth in Spain after PGD (Haemophilia)

* 24.08.1994
irst birth in Spain after ICSI

* 28.07.2006
First birth in Spain with IVM
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« MICROINSEMINATION
PZD

Malter HE & Cohen J, 1989
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ART Laboratories
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« MICROMANIPULATION mujer

. . . RERROIJCTION
ICSI - Intracytoplasmic Sperm Injection ———

CLO'Neill, S Chow, Z Rosenwaks and G D Palermo

The Ronald O. Pereiman and Claudia Cohen Center for Reproductive Medicine, Weill Comell Medicine, New York,
New York, USA

1992 Palermo. Lancet 340:17-18 A

uman Reproduction ol 10 0 1] g 2515 @

Intracytoplasmic sperm injection versus
conventional in-vitro fertilization: first
results

G.Calderon’, I.Belil, B.Aran, A.Veiga, Y.Gil,
M.Boada, F.Martinez, N.Parera, B.Coroleu,
J.Penella and P.N.Barri

ice, Dapartment of Obstetrics
sitario Dexous, Pasoo

o ctive M
and Gynecology, Institu niversita
nanova 69, Barcelona 08017, Spain
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ART Laboratories

« MICROMANIPULATION

________________________________________________________________________ Dexeus®
mujer

L,
Fertility and Sterility
Volume 110, Issue 2, 15 July 2018, Pages 185-324.e5

Forty years of IVF

Craig Niederberger M.D. ™% 3, Antonio Pellicer M.D. * % 5, Jacques Cohen Ph.D., H.C.L.D. ©, David K. Gardner
ianpiero D. Palermo M.D., Ph.D. %, Claire L. O'Neill B.S. ®, Stephen Chow B.A. , Zev Rosenwaks
obo Ph.D. '°, Jason E. Swain Ph.D. "', William B. Schoolcraft M.D. " 12, René Frydman M.D. '3,

Lauren A. Bishop M.D. ™ Davara Aharon M.D. %, Catherine Gorden M.D. ', Erika New M.D. 77, Alan Decherney
M.D. ™ SeangLin Tan MD. ™ __ Andrew R. LaBarbera Ph.D. - 22. 22

At present, ICSI remains the preferred insemination protocol,

with some centers using it in >90% of their insemination cycles.

It is possible that ICSI will be perceived by future generations as

the evolution of standard in vitro insemination.
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THE STORY OF ICSI
G. Palermo, C. O'Neill, S. Chow, Z. Rosenwaks

In: FORTY YEARS OF IVF
Fertility & Sterility, July 2018
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« MICROMANIPULATION

1 Assist Reprod Genet (2015) 32:1827-1833
DOL 101007/ 10815-015-0597-9 O""“"‘

| TECHNOLOGICAL INNOVATIONS |

PI E Z O _ I C S I :ﬂl::;g::;:t:}caegg ::n Piezo-ICSI using micropipettes with a wall

Kenichiro Hiraoka ' « Seiji Kitamura®

PIEZO-ICSI Conventional-ICSI
T
PIEZOIRNIVZGD [ — 3
Equipment Compositio!
= Ca - - ‘

Without deforming the oocyte, the Perforate of the plasma membrane The cocytes are deformed with a sharp The timing of plasma membrane

injection pipette penetrates the zona with a simple footswitch control to pipette in the attempt to penetrate the perforation is difficult to predict

pellucida activate the PMM driver zona pellucida damaging the oocyte is a distinct

possibility.

POLARIZED LIGHT

ICSI/IMSI Platform

Additionally, a new automated solution is available, providing single button touch control for

the ICSI/ polarization/ IMSI workflow OLYMPUS

-
Living up to Life M
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ART Laboratories

_______________________________________________________________________________________________________________________________________ Dexeus®

« MICROMANIPULATION

Is this true? Is it a real option?

When it will be available?
- Suitable for all cases?
- It will really improve results?

-Fertilization rate
-Damaged oocytes

ART Laboratory Automation: ART lab Past, Present and Future. M. Boada

mujer

'\ MERCK

Zhe Lu, Member, IEEE, Xuping Zhang, Member, IEEE,
Clement Leung, Navid Esfandiari, Robert F. Casper, and Yu
Sunsx
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ART Laboratory: past, present and future

« EMBRYO CULTURE AND SELECTION

~ ART Labon;atory Automation: ART lab Past, Present and Future. M. Boada DEXEUS FORUM, Barcelona SEi=s



ART Laboratories

H EEE)|
-3 13- TEMP- 2 17 TEMP-
10 — 13 — 124-TEMF-1
a 174 TEWE - — 140 TEWR
15 114 TEMP -2 — 149 TEMR.
-8 143- TEMP 8 — 18T
7 181-TEMP- 18 i
© 16 — 160 TEMP- 14
375
L t B —
T Rt I S e S B et [365 i £
H 40 T T T 0
36 t T t + T + 3 13000 13100 13200 13:300 13400 B
1300h 13100 13:20n 1330n 13:40n 13:50n w0t e
81102011 Time < >

24

ART Laboratory Automation: ART lab Past, Present and Future. M. Boada DEXEUS FORUM, Barcelona, 21-23 November 2018



ART Laboratories

Key Benefits Time-lapse Integrated Incubators:
1- Undisturbed culture in a stable environment. Improvement culture conditions

2- Constant surveillance of all embryos. More information

25
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ART Laboratories

morphological assessment

is enough?




ART Laboratories

Limitations of
morphological evaluation
of human embryos

\
- \
A ‘

Chvemesoma

Mol Hum Reprod. 2016 Oct 22(10):704-718. Epub 2016 Aug 30.

Assessment of human embryo development using morphological criteria in an era of time-lapse,
algorithms and "OMICS": is looking good still important?
Gardner DK, Balahan B?

20T Mg 278967558, doi

&2 Epub 2017 Jom 16.

Single-cell multi-omics sequencing of mouse early embryos and embryonic stem cells.

Mat Cell Bial. 2018 Jul:20(T):547-858. dei. 10.1038/541556-018-0123-2. Epub 2018 Jun 18,

$Single-cell multi-omics sequencing of human early embryos.

LiL'2 GuoF? Gao'? RenY'* Yuan P4 YanL'4% LiR™ Lian Y'# 1iJ"287 HuB'2 GaoJ'2 WenL'? TangF3210 Qigo J11121314

2 At e G
oo 107
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EMBRYO BIOLOGY.

Selecting embryos with the highest implantation potential
using data mining and decision tree hased on classical embryo
morphology and morphokinetics

Bestrz Carrasea’ - Gemma Arruys - Yolanda G M José Gimez' -

Ignaco Redrigues' - Pedra N. Barr - Auaa Yeiga ** - Moutserrat Boads

All embryos
{100%)
61%
Fig. 1 Decision iree for the I 139%
seleetion of embryos with the
highest implantation potential by nrphulog ical score
means of the classical
morphological score and

‘morphokinetic parameters. (IR 23%)

(IR 10%)
49% —| 12%

(IR 27%) (|Rg%)
40% 9%

- T8 261.7h

(IR 29% (R 17%)

CR ]




Future ART Laboratories

Full in vitro fertilization laboratory e s
mechanization: toward robotic Pt oo

. b
aSSIStEd reprOductlon - When and how should new technology
Marcos Meseguer, Ph.D..* Ulrich Kruhne, Ph.D. " and Steen Laursen, Ph. be introduced into the IVF IaboratorY?

infertilidad, Universidad de Valen
enmark; and © IVF

in; ® Center for Process Engineering and Technology
SYD, F k
Joyce Harper'*, M. Cristina Magli?, Kersti Lundin?,
Christopher L.R. Barratt?, and Daniel Brison®

Un

Fertility and Sterility® Vol. 97, No. 6, June 2012

“Every procedure involving application to the human body should be defined as experimental until
adequate scientific evidence is provided regarding its safety and efficacy”  uct joyce Harper, Barcelona 2014

Experts strongly recommend that new techniques should only be used
routinely after randomized control trials have confirmed that the
technique is of benefit and all safety issues have been addressed.

Embryologyst

New roles
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Thank you very much for your attention!

Catedra de Investigacién
Hospital Universitari Dexeus en Obstetticay Ginecologia

arupe Wquironsalud U '—‘ B

Universitat Autonoma
de Barcelona

www.dexeus.com



