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Time-lapse morfokinetik analiz

Fig. 1. Plate showing the successive preimplantation stages of the egg in two bat species,
Vesperugo dasycnema (Fig. 1) and Myotis sp. (Fig. 2-15). The eggs were observedin Marchand Apnl
from 1876 (Fig. 1) through 1888 (Figs. 12-15). Reproduced from E. Van Beneden (1911),

Lewis ve Gregory, gelisen tavsan embriyolarini erken klivaj asamasindan blastosist
asamasina kadar buyUtip sinematografik olarak izlemeyi basardi (1929) .



Time-lapse morfokinetik analiz

Reference

Species

Observation(s)
Cassini (1961) Mouse Development from 2-cell to blastocyst
Cole (1967) Mouse Blastocyst hatching
Brackett (1972) Rabbit Fertilization and development to morula
Massip et al. (1982) Cattle Blastocyst expansion and hatching
Massip et al. (1983) Cattle Atypical blastocyst hatching resulting in twin half-blastocysts
Cohen et al. (1988) Human Morphological assessment of cleavage-stage embryos
Selwood and Smith (1990) Marsupials Cleavage and development to blastocyst
Gonzales et al. (1995) Hamster Cleavage, and timing of cleavage
Gonzales and Bavister (1995) | Hamster Blastocyst hatching

Gonzales et al. (1996)

Cattle, horse, human

Blastocyst expansion, contraction and hatching, trophectoderm projections
and locomotion of hatched blastocysts

Payne et al. (1997) Human Polar body extrusion and pronuclear formation

Holm et al. (1998) Cattle Developmental kinetics of early cleavage with respect to viability
Van Blerkom et al. (2001) Human Fragmentation and subsequent development

Peippo et al. (2001) Cattle Effect of sex and glucose on developmental kinetics

Holm et al. (2002) Cattle Effect of serum on developmental kinetics

Lequarre et al. (2003) Cattle Effect of oxygen on cell-cycle duration

Mateusen et al. (2005) Pig Relationships among developmental kinetics, fragmentation and apoptosis
Zaninovic et al. (2005) Human Development from zygote to hatched blastocyst

Mio and Maeda (2008) Human Fertilization, development to blastocyst and hatching
Gendelman et al. (2010) Cattle Effect of season on developmental kinetics

Lopes et al. (2010) Cattle Relationship of cleavage to oxygen consumption

Wale and Gardner (2010) Mouse Effect of oxygen on cell-cycle duration

(Don Rieger, 2013)




YUT Tedavilerinde basari nelere bagh?

Maternal /paternal faktorler
Optimal Stimulasyon protokolleri/gamet maturasyonu

Optimal gamet ve embriyo manipulasyonu

—

Optimal kultiir sartlari

Time-lapse
Morfokinetik Degerlendirme

En uygun embriyonun se¢imi
Basarili embriyo transferi

Optimal uterin ortam
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Type of observation

Fertiization check
Syngamy check

Early deavage check

Day-2 embryo assessment
Day-3 embryo assessment
Day-5 embryo assessment | 16
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Morfoloji-temelli STATIK embriyo secimi
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YUT Tedavilerinde basari nelere bagh?

e Optimal kultiir sartlar Minimum stres
Mimimum in vitro kalttr

Maksimum in vivo’ya yakin sartlar

—

e En uygun embriyonun secimi Statik+Dinamik Se¢im
De-selection

Re-selection?




Implantasyon éncesi embriyo kultiri
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(Niakan ve ark., 2012; Wale ve Gardner, 2015)



Morfokinetik kriterlere dayali embriyo secimi:
Nihai Amag

Erken donem morfokinetik parametrelere gore:

e Blastosist asamasina ulasacak embriyonun se¢imi

e implante olacak embriyonun segimi

e Canlidogum ile sonuglanacak embriyonun se¢imi



ARTICLES

nature
biotechnology

Non-invasive imaging of human embryos before
embryonic genome activation predicts development
to the blastocyst stage

Connie C Wong!27, Kevin E Loewke!->67, Nancy L Bossert4, Barry Behr2, Christopher ] De Jonge*,
Thomas M Baer® & Renee A Reijo Peral2

We report studies of preimplantation human embryo development that correlate time-lapse Image and gene exp
profiling. By examining a large set of zygotes from in vitro fertilization (IVF), we find that success In progression to the blastocysl
stage can be predicted with >93% sensitivity and specificity by g three dy
day 2 after fertilization, before embryonic genome activation (EGA). These parameters can be rellably monltored by automated
Image analysis, confirming that successful development follows a set of carefully orchestrated and predictable events. Moreover,
we show that imaging p ypes reflect progi of the embryo and of Individual blastomeres. Single-cell gene
reveals that p cell y, with some cells advancing to EGA and others arresting.
These studies Indicate that success and fallure In human embryo development Is largely determined before EGA. Our methods
and algorithms may provide an approach for early of embryo potential In t
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ORIGINAL ARTICLE Embryology

The use of morphokinetics as a
predictor of embryo implantationf

Marcos Meseguer "*, Javier Herrero', Alberto Tejera’,
Karen Marie l-lllllgsuel Niels Birger Ramsing?, and Jose Remohi!

! reano d, L ichd de Valenca, P da b Tolcn Lol 3, Valmoa #4013, Soom “Unmere FarniiTech A/S.
Aartun, Denenark
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Figure 2 Comparison of two algorithms designed to select the best embryos with high implantation potential. (A) Algorithm
designed by Wong et al. (2010). Embryos that reached the blastocyst stage could be predicted according to timings of three
parameters: the timing from the appearance of a cleavage furrow to complete cell separation of first mitosis; time from the
completion of the first mitosis to the appearance of cleavage furrow of the second mitosis; timing between the appearance of the
cleavage furrows of the second and third mitosis. (B) Algorithm designed by Meseguer et al. (2011). Embryos are morphologically
evaluated, excluded according to criteria, and then observed for the exact times from cleavage to cc2, s2 and t5. cc2 = duration of
second cell cycle (t3—12); s2 =synchrony in cleavage from 3 to 4 cells (t4—t3); t5 =time of cleavage to a 5-cell embryo.



Morfokinetik-temelli DINAMIK embriyo se¢imi

16 hrs 28 hrs 44 hrs 68 hrs
2 PN 2-cell 4-cell 8-call

ol SR SRR SR &
T 1

to

2PE tPNa tZ t2 t3 t4 tS 16 t7 8

1 A4 }
r[
\

I | I

Morula to
a 5]¢ hatched
blastocyst

Compaction
— - - - -

B8lastulation

VP =tPNf-tPNa
ECClL =12 —tPB2

ECCZ =t4 - t2 Compaction = tM - LSC
ECC3 = t8 -t4 Blastulation = tB— tSB
sZ=1t4 - t3

s3 =18 -5

(Ciray ve ark., 2014)



Guncel Durum

£20 EZ.} Zona pellucids

Ao lecell
compacted

Early
blastocy st

Implantation



Guncel Durum

Time Lapse Monitoring Svstems | Studies

TLM Analvsic chambers that are built around an inverted microscope

Olympus IX-70 inverted nucroscope equipped with an environmental chamber

(Payne etal. 1997)

Nikon Diapot 300 mmecroscope with camera in-a closed system

Lemmen et al (2008)

Olvmpus IX-71 mverted microscope-acrylic resin environmental chamber

Mio and Maeda (2008)

Otympus IX-70/71 microscopes with an apermre for dark-field illumination

Weng et al (2010)

Inverted digifal microscopes with I ED illununation modified for dark field illnmination.

Chavez etal (2012)

Nikon TiU epifluroescence mucroscope with a- 20 0.75 NA objective

Swann etal_ 2012

Modified incubartors thar hav

¢ flexible and customized microscopes for TLM Analysis

Biostation CT {Nikon Corporation)

Haslumoto et al. (2012)

Sanyo MCOK-5 In vitro Live Ceil Imsging Inc. System

Nakaharn et al., 2010

Modular image/video capture systems that can be placed in conventional incubators

PrimoViston (Crye-Innovation)

Hlinka et al. 2008: 2012; Pnbenszky et al . 2010; Kuez et
al. 2013

Eeva {Early Embryo Viability Assessment)

Conaghan et al , 2013

All-in-one systems

EmbryoScope (Unisense Fertilitech. Denmark)

Mesezuer etal 2011; 2012; Rubio et ai (2012), Azzarello
etal, 2012 Dal Canto et al . 2012; Kirkegaard et al.
20133, 2013b, Chamavyou et al (2013), Freounr et al., 2013;
Cruzetal, 2012; Ciray et al., 2012; Basile et al., 2013:
Croz eral . 2013; Kurkegaard et al. (2013)(c); Bellver et
al. 2013 Serdarogullan M et al, 2014; Bronet etal, 2014;

Munoz et al, 2012

(Serdarogullari ve ark., 2015-in press)




Embriyo gelisimini etkileyen dis faktorler

Operator factors
Handling, Media,
ICS), IMSI, Embryo Biopsy

Clinical Time-lapse
Factors : system

Age, Mala ' ' ' i ) Light
female Electric

factor, : - fleld
protocols Dish
incubation

Laboratory (direct and indirect)

Culture conditions, Temp "C, pH, %¥CO,, %0, air qualty (VOC's)
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Time-lapse in the IVF-lab: how should
we assess potential benefit?

S. Armstrong'*, A. Vail% S. Mastenbroek?, V. Jordan', and C. Farquhar'

' Department of Obstetrics and Gymaecology, University of Auddand, Auckland, New Zealand *Manchester Academnic Health Science Centre,
Safford Royal Hospital, Centrs for Biostatistics; University of Manchester, Manchester; UK *Center for Reproductive Medicine, University of
Arrsterdam, Academic Medical Center, Amsterdam, The Netherfands

*Correspondence address. E-mail: s armstrong@ audidand ac e
Submittad on July 27, 20 14; resubmitted on July 27,20!4;occepfzdonAum2 I,2014

ABSTRACT: Time lapse imagng of embryas has been widely introduced to fertility laboratories worldwide with the aim ofidentifying the best
quality embryos to transfer that will ultimately improve IVF success rates. In this opinion paper, we explore the lack of evidence of benefitof this
novel intervention, analyse the methodologcal flaws of current studies, offer ideal study designs that assess the various features of time-lapse
imaging, and discuss forthcoming studies. In particular, we emphasize the ethical aspects of hastily adopting a costly tachnology without
current high level evidence of improved live birth rates, safety and cost effectiveness.

Key words: |VF / tme-lapse / live birth / IVF outcome / embryo incubation



Yas gruplarina gore siklus dagilimi-UK (2013)

Percentage of all IVF cycles performed by age group (2013)

43-44 45+
38% 2.2%

www.hfea.gov.uk



Morfolojiye gore embriyo secimi: Ne kadar gercekgi?

Predicted live birth (%)
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(Sunkara ve ark., 2015)



Transfer edilen embriyo sayilari (1992-2007) - UK

Percentage of treatment cycles (%)

00

80

60

40

20

0

\&'L \09)& \&‘b \09% q’@a q,@’b

-—/

r—

B

(o]
"b@ 'L@

Year treatment cycle started

— 2 ET
w— 1ET
3ET

www.hfea.gov.uk



Morfokinetik Analiz — Kromozomal anomali iliskisi

Reproductive BioMedicine Online (2013) 26, 528 530

www.sclencedirect.com
www.rbmoniine.com

COMMENTARY

Morphokinetics and embryo aneuploidy: has
time come or not yet?

Markus Montag

Korelasyon var Korelasyon yok
Campbell ve ark. 2013 Rienzi ve ark. 2014
Basile ve ark. 2014 Ottolini ve ark. 2014

Kramer et al. 2014
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De-selection
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RESEARCH Open Access

Analysis of embryo morphokinetics,
multinucleation and cleavage anomalies using
continuous time-lapse monitoring in blastocyst
transfer cycles

Nina Desal”, Stephanie Ploskonka, Linnes R Goodman, Cynthis Austin Jefirey Goldbesg and Tamitnaso Falare

Frequency of embryo
multinucleation detected

by time-lapse system and its
impact on pregnancy outcome

Eilf G_Ergin M.D, Ersy Calijkan, M D, Ender Yakinkaa MSc. Zeynep Orral 85¢, Kaver (oksles, 05,
Al Qm MU, snd Hakan M. Grivrel. MU

Eumnfer i VF Covter, tatibed Turey

Objectiwe: To compure the derction mte of midtlencleation with e tine-kpse system and conventiona] control thming propesed by
Society of Fummn Regiroduction snd Wanﬁwmhmmmm

Abstact

Bachground: Time ligxa imaging combined with embiyo momhokinetics may affer & Aaninvative tneans fo
mproving embyo selecton, Daa from cinics worldwide are necessary 10 compar and ulimasly deviop embyo
casufiasans moadels vsing Wnenic data The pemary otsecti of this studly was 10 determine £ thas wenr knetic
differences btween embiyos with linted potential and those more ofien secited with In vitro blastocyst
formation and/or implantation. We abo wanTad ® comgare putative Bnetic marans for embryo selection ai
proposed by cther Mboatanis o what wit wese abserving in our own Bboraory setting
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or more Apotes cultused in the Embayoscope Tening of specBic cvents fram the poing of insemination wote
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Resuls: A tomal of 648 embiyes ranstemed on day 5 were andiyeed The clincal pregnancy and implantation rate
werp 725 and S0, respectively. Morphokinetic daty showend that 1PN 1218, 18 51, 3253 and 22 wese sgnificantly
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emtuyos implantng (KD +) vers no Inplantation (KD woggestad thar makerns of embyo commetonce 1o mplant
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howtver 100m DRTOCYSS Meeting o oritena for frearng
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tandfet

Keywords: Baocyst, Timeiamme, Mompholinetic paramee s, implantaton, Embyd development, Pragrancy.
Embryoscope. Cemage

Design: Eetrspectve study.
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De-selection
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Re-selection
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Morphokinetics as a predictor of
self-correction to diploidy in
tripronucleated intracytoplasmic
sperm injection—derived

human embryos

Noella Gray, Ph.O." Laura E.mch PhD* Yo[und.x Galiaria, Ph. D.* Maroon Met=quer, PhD.*
Sandra Garda-Herrera, PhoD. " José Remohl MO and Maria-lose Eccribd, Ph.O*

* IVF aboratary, University Institute (W1 Valencia:  PGD Motsadar Grtegeastics Unit, lgenomi, aad * Departmont af
P=distics, Obstetrics and Gynecology. Univenity School of Medicine Valencz University, Valgoda, Spain

Objective: To describe, in forms, % trip deated embryo (TPN) population accarding to ploidy and to explore the
vﬂwcfm'ﬁ;uulwpdkﬁngplnwy
Design: Experimental,

Sefting: In vitro fertilization leboratory.
Patieni{s): Seventy-nine TPN embryos ob ton (TPN-ICSH) were cultured i @ time-lapse
Incubstar for 6 days.

Intervention{s); Ploidy determiniations were carried out fior 35 TPN-ICSI st the deavage und for blastocyst stage. Their morphokinetics
wrme then oy compared.

Main Ouicome mm(d' Dhm(clung!mfmz-ml-aﬂmplmwimlwrydrmm&amsyn&mw
at deavags) kinetic plaidy G mation by FISH; in vitro devel to the bl st stage

Result{s): m-xcsmummummmmmmmmmmphﬂwu fispl tic hehaviorcloser to
BPN than nipleid TPN almost all of the dimcr and § d. Variable t5 was found tobe a

regarding
¢ variable of ploidy in TPN.
mﬂ-ﬂmﬂmw 5 in pluidy, clesvage, ar momphokinetic terms.

i loid. TPN 1 hokinetically simiar to diploi BPN. The ploidy of
vumu p!dindbyvrhhlt& Fertil Steril® 2015:104:720~15 ©2015 by American So-

for Repmductive Med
Mﬂm ‘mpmmmtlﬂm triploidy, time-lapse, morphokinetics, human
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Morfokinetik Analiz — Kromozomal anomali iliskisi
TLM+CCS+Gen ekspresyonu analizi
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TLM+miRNA ekspresyonu analizi

ORIGINAL ARTICLE: REPRODUCTIVE SCIENCE

MicroRNAs in spent blastocyst
culture medium are derived
from trophectoderm cells and
can he explored for human
embryo reproductive
competence assessment

Antonio Capalbo, Ph.D,* Fillppo Maria tibs|di, M.D., MSc.*" Ranilo Cimadoma, MS5¢,** Lalla Nol|, M.S{. L
Yakoub Khalaf, M.D., MSc.™ Alesin Farcomeni, Ph.0_ " Dusko illc MG, PRUD,™ and Laura Rlenzl, MSc**

* GENERA, Centre for Repmauchee Madicne, Clinica Valie Gulla, Rome, ialy * GENETYX, Molectlar Genetas Labaratory,
Vicsrua, ftaly; © Division of Woman'y Health and Asktad Conception Unit, King's €olisge of Loodon, Guys Mospital
London, United Kingdom: and ® Department of Sublic Mealth and Infectious DEsasss. Univassity of Nome La Sapienzs,
forms, Raly

Objective: To ussiss whether extracelluinr micmRNAs imiRNAs] canbe accumtely pmofiled from spent blastoryst culture medis {SBM)
hiomarkers.

Setting: Private and scademic in vitro fertilization conters.

Patlenf(): Immer cell mass-free trophectoderm (TE samples and their relative SBM from five good-quality human blastocysts.

MMk Protocol for miRNA purification and analysis based on quantitative polymemse chain reaction set and validated on
human embryanic stem cells (KESCs) and on SBM with snd without wuriabiliry.

Main Outcome s Measure{s): Analysis of miRNAs in tulture media in relation with TE cells and companison of miRNA profilesbetween

implanted and unimplanted euploid blastocysts.

Result{s): Culture medin from embryos in the desvage. momb, and blastocyst stages were collectad 10 investigate the presence of

miRNAx The SBM wmpruprdhrdytollxm!&mmplnidiuﬂnwd(u=1ﬂmdunhp1uudbhsbqﬂsln=mtwmupnhun.

We by pothesized that human emhryos secrote miRNAS in cultum media that con be used as hiomarkers. The comparative malysis of TE

and SBM samples revealed that 96.6W (57 of 59; 95 C1, 88.3-99.6] of the miRNAs detected in the SBM were expressed from TE cells,

suigtesting 4 TE origin, The culture medis collected from clesvage and morula stage embryos showed a pantem sinsilir fo blanks, sug-

gesting that miRNAs profiling from spemt culture madia applies only for blastocysts MicroRNAs analysis of SBM from euploid im-

planted and animplanted blasmeoysts highlighted two miRNAs [miR-204, miR-10¢) that showed Incressed concenimtions in the

former and wemr predicted in silico to be involved in 23 implantation-related pathways,

Conclusion{s): MicroRNAs d from h blastocy -hcﬂmmqﬁumbepuhkdwﬁﬁldﬂ:wpmdwﬂﬂiywdmk

can be further explored for nonimvasive embryo selection. (Fertil Steril® 20150
M. D015 by A Sodiety for Repmd uwuaﬁth!.l
Koy Worde Biomares of ln)ixnnﬂnn. st il dialoyue, blastocyst

eviluation, embryo quality, microRNA

Discuss: You cun discuss this aicle with its authors and with other ASRM membersat g /)
feris tertforum, com fcapalhos—irnes-Slasio oy st-almre-mednrm/

(Rodriguez ve ark., 2014-Nature)
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(Chason ve ark. 2011; Gardner ve ark, 2015)
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“Your baby is developing very nicely.
Would you like to send him an e-mail?”

Thank you®©



