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Milestones in ART: the 80’s
Developing the Science & the Tools

1978
1st. IVF baby
Steptoe & 
Edwards

1980

Blastomere
biopsy
Handyside

1980
CC/hMG
Trounson & 
Leeton 

1982
Use GnRHa
Fleming 

1983
1st baby 
cryo 
embryo
Trounso
n 

hCG for 
luteal 
phase,
Casper 

1st US guided 
aspiration 
transvesical
Lenz & 
Lakritzen 

1984
1st US TV 
aspiration
Wikland 

1985

PESA
Asch 

GIFT
Asch 

1986

HTF
Quinn 

1st Egg 
donor 
pregnancy
Rosenwaks 

Egg 
freezing 
(slow)
Chen 

1987
Ultrarrapid 
freezing 
embryos
Trounson 

1988
1st 
MESA 
baby
Silber

SUZI,
Laws-King 

1989
Human 
embryo 
biopsy
Trounson



Milestones in ART: 90’s & Beyond
Micromanipulation, Drugs, Culture Media & 
Genetics

1990 2003
PGD sex 
detection,
Handyside

1991 1993 1994 1995 19961992
ICSI,
Palermo

Assisted 
Hatching
Cohen

GnRH 
antagonists,
Frydman

r-FSH
Coelingh
Bennink

TESE,
Silber r-LH,

Loumaye

Aneuploidy
testing
Cohen

Dolly
cloning
Wilmut

FISH PGD
Munné

1998
Blastocyst 
culture
Gardner

1st 
pregnancy 
rFSH 
+GnRHant
Itskovitz 
Eldor

2000
1st 
Successful
Ovarian 
transplant
Oktay

2002
Birth after 
blastocyst 
biopsy 
PGD
de Boer

Birth after 
oocyte 
vitrification 
Yoon

Birth after 
orthotopic 
ovarian
transplant
Donnez

2004

Single
blastocyst 
transfer
Gardner



Milestones in ART: 2005-2015
Freezing, ’Omics’, Time-lapse and Massive 
Sequencing

2005 2015
Whole 
ovarian 

transplant 
(sisters)

Silber

2006 2008 2009 2010 20112007 2012 2013 2014

VitrificationVitrification

Time-
lapse

imaging

Time-
lapse

imaging

Metabolomic
Profiling

Metabolomic
Profiling

Tailoring 
stimulation

Tailoring 
stimulation

GnRHa 
triggering

GnRHa 
triggeringAntagonists 

equal to 
GnRHa & safer

Antagonists 
equal to 

GnRHa & safer

FISH 
questioned

FISH 
questioned a-CGHa-CGH

Targeted
Metabolomics

AAs
O2

Targeted
Metabolomics

AAs
O2

CCSCCS

RCT
negative

RCT
negative

Proteomics
Ubiquitin

Proteomics
Ubiquitin

Proteomics
Lipocalin I
Proteomics
Lipocalin I

Glucose 
consumpti

on

Glucose 
consumpti

on

RCT’s
promising

RCT’s
promising

Genes expressed 
in CC
COXs 
STAR 
PTX3

Genes expressed 
in CC
COXs 
STAR 
PTX3

Oocyte 
vitrification 
no longer 

experimental

Oocyte 
vitrification 
no longer 

experimental
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vitrification
no longer 
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VitrificationVitrification



The goal is a 
healthy baby 
born from the 
transfer of a 
single, euploid
embryo



ART is a Multi-step Process
Ovarian 

Stimulation
Ovarian 

Stimulation

Oocyte
retrieval
Oocyte
retrieval

Embryo CultureEmbryo Culture

FertilizationFertilization

Embryo selectionEmbryo selection

Embryo transferEmbryo transfer



Ovarian Stimulation

• Antagonists vs agonists (Al-Inany, 2011)

– Safety First!

– GnRH agonist trigger

• Dosing gonadotropins (La Marca & Sunkara 2011, Yates 
2011)

• Poor responders (Bologna criteria, 2011)

– No recommended protocol before BC

– Microflare protocols?

– Corifollitropin alfa?

– Testosterone pretreatment?



Dosing: The “Dosogram” Based on AFC & 
AMH



ART Lab Improvements
• Air quality (filtered air, VOC’s, positive pressure)

• Culture media (sequential, one-step, transfer)

• Incubators (tri-gas, TLS, automated controls)

• Static Morphologic grading scores + models

• Time lapse systems & morphokinetic grading

• Vitrification

• Metabolomics

• Proteomics

• Genomics



ART Lab Improvements
• Air quality (filtered air, VOC’s, positive pressure)

• Culture media (sequential, one-step, transfer)

• Incubators (tri-gas, TLS, automated controls)

• Static Morphologic grading scores + models
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Time-lapse Current Status

• Promising semi-quantitative and automated tool to monitor 
embryo development

• Does NOT disturb the embryo in culture

• Could revolutionize workflow in the ART lab

• Improves embryo selection

• Clinical use has yet to be proven

Kaser & Racowsky. Human Reproduction Update, Vol.20, No.5 pp. 617–631, 2014



Time-lapse Ongoing Trials

Kaser & Racowsky. Human Reproduction Update, Vol.20, No.5 pp. 617–631, 2014

Completed 
Jan 2015 
unpublished

Recruitment 
status 
unknown? 
unpublished

Recruitment 
status 
unknown? 
unpublished

Completed 
Aug 2014, 
Published 
F&S 11/2014

Stopped 
recruitment, 
ongoing Oct 
2015

Completed 
Oct 2015, 
unpublished

Stopped 
recruitment, 
ongoing 
March 2015



RCT comparing Embryoscope (N=438) 
vs. conventional incubator (N=405)

Equal CPR’s, BUT better OPR’s (> 10%) 
and Implantation rates

Fertility & Sterility 2014 102 (5): 1287-1294









Time-lapse Systems
• Promising

• Adds valuable information regarding different checkpoints

• Variability between labs? culture media? ICSI vs. IVF

• Embryos undisturbed!

• Need further clinical validation comparing with same incubator

• Efforts are being made to unify nomenclature



Kaser & Racowsky Human Reproduction Update 2014



Aneuploidy in 
Reproduction
Aneuploidy is extremely 

common in the early embryo

Trisomy and monosomy are 
present in 10% to > 50% of 

pregnancies, related to 
maternal age

Recurrent implantation failure

Recurrent miscarriage

Sperm chromosomal 
aneuploidies are responsible 

for male factor infertility



Aneuploidy Screening



The Effect of PGS on the Live Birth Rate 
Per Patient

S. Mastenbroek et al. Human Reproduction Update. 2011;17:454-466
© The Author 2011. Published by Oxford University Press on behalf of the European Society of 

Human Reproduction and Embryology. All rights reserved. For Permissions, please email: 
journals.permissions@oup.com



PGS with FISH - Pitfalls & Limitations

• Technique itself (8-12 chromosomes analyzed)

• Operator experience

• D3 embryo

• No. of cells biopsied

• Mosaicism

• Low sensitivity



Comprehensive Chromosome Screening
PlatformsPlatforms

CGHCGH SNPSNP NGSNGS

DNA amplification
DNA labeling
Fluorescence 
detection
Bioinformatics

2% non informative
Aneuploidy screening
Reciprocal & Robertsonian 
Translocations

DNA amplification
DNA labeling
Fluorescence 
detection
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Aneuploidy screening
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Translocations
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Compares signals at each 
position
Characterize recombination 
sites
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Balanced translocations

DNA amplification (WGA)
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Cost-effective
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Compares signals at each 
position
Characterize recombination 
sites
Uniparental disomy
Parental origin of 
aneuploidy
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DNA amplification (WGA)
Compares signals at each 
position
Characterize recombination 
sites
Uniparental disomy
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aneuploidy
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multiplex PCR)
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Quicker
Cost-effective

DNA amplification (WGA or 
multiplex PCR)
Massive parallel 
sequencing
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to normal samples
Quicker
Cost-effective

Mosaicism (10-15%)Mosaicism (10-15%)



CCS - aCGH



CCS - SNP, QPCR & NGS 



RCT - Done & Ongoing

• Increases in CPR & IR
• Reduction in Abortion
• Reduction in TTP



RCT - Done & Ongoing



Oocyte 
Cryopreservation





RCTs on Oocyte Cryopreservation

Cil AP, Seli E. Curr Opin Obstet Gynecol. 2013 



ICSI for All?

Advantages

• Standardization & task organization in ART labs
• Uniformity (variability, checkpoints in time-lapse)
• “Mastering" the technique for personnel training in other invasive 

procedures (blastomere & trophectoderm biopsy, assisted hatching, 
fragment removal, cytoplasmic transfer, etc.)

Disadvantages

• Overlapping tasks overwhelming
• Burden to human resources
• Security? (physiological barriers bypassed)
• Follow up in high risk population confusing
• Cost-efficacy?
• No evidence of benefit in CPR, IR or LBR



IVF ICSI Modern Trends

3…
6…

N = 479.141 cycles

Asia Europe North America Latin America

4…5… 4…
60%

3…
65%

24%
7…



REDLARA 2012 15%

8
5…



ICSI has become a tool



ICSI Past & New Indications

• Severe Oligoasthenozoospermia
• Use of testicular or epidydimal sperm 
• Antisperm antibodies
• Repeated IVF failure
• Use of cryopreserved sperm
• Ejaculatory dysfunction
• PGD for monogenic diseases
• PGS with CCS for aneuploidy screening
• Time-lapse?
• Cryopreserved oocytes
• Poor responders (just in case…)



Pregna Medicina Reproductiva 2012-2015 Unselected Population

Procedure IVF ICSI p

N 1319 1388

# oocytes 9567 (7.25) 11548 (8.3)

M2 oocytes 7796 (81.5%) 8301 (71.9%)

M2 used 7633 8124

FR 5389/7633 (70.6%) 5093/8124 (62.7%) <0.0001

# transfers 968 990 0.24

# embryos 
transferred 1.79 1.79 NS

+ bhCG 379/968 (39.2%) 344/990 (34.7%) 0.04

Clinical 
Pregnancy 312/968 (32.2%) 291/990 (29.4%) 0.18

Implantation 347/1732 (20%) 340/1777 (19.1%) 0.52

0% fert (>1 M2) 97/1319 (7.3%) 132/1388 (9.5%) 0.04

0% fert (>3 M2) 10/1319 (0.7%) 28/1388 (2.01%) 0.005



Embryo Transfer: A Critical Step

Embryo 
Transfer
Embryo 
Transfer

Mock 
transfer
Mock 
transfer

Type of 
catheter
Type of 
catheter

Blood in 
catheter
Blood in 
catheter

Embryo 
retention 
catheter

Embryo 
retention 
catheter

Operator
(quick & soft)
Operator
(quick & soft)

Mid- to upper -
cavity 
placement

Mid- to upper -
cavity 
placement

Uterine 
contractions
Uterine 
contractions

Embryo 
expulsion 
catheter

Embryo 
expulsion 
catheter

US 
guidance
US 
guidance

Transfer 
media?
Transfer 
media?

Timing <2 
min
Timing <2 
min



Single Embryo Transfer

• Pregnancy rate is lower sET vs. DET
• Cumulative PR (2 fresh or 1 fresh + 1 FET) 

similar
• Multiple pregnancies are significantly reduced



Freeze-all Strategies

• More “physiological” endometrium
• OHSS
• Progesterone rises
• PGS
• Could improve PR: data still not convincing, need more N



Neonatal and Infant Follow Up

• The incidence of major birth defects, in newborns born after ICSI treatments 
is 3-4%, in the same range as in the general population. Bonduelle 2002; 
Palermo 2000; Van Steirteghem 1998

• Hansen in 2002 found an incidence of major birth defects of 9% (almost 
double than in the general population) in newborns after ICSI, but the same 
risk in newborns after conventional IVF cycles

• Structural autosomic anomalies (0,36%) and de-novo sex chromosome 
anomalies (0,83%) are slightly but significantly elevated in newborns after 
ICSI, but NOT in IVF. te Velde 1998; Van Steirteghem 2002



• There is also an increase, compared to the general population, in 
birth defects in boys born after ICSI treatments, probably inherited 
through the paternal pathway. Van Steirteghem 2002

• Davies, in 2012 found an increase in birth defects of newborns from 
assisted conception cycles (8.3% vs. 5,8% in the general 
population), RR 1.26 for IVF and 1.77 for ICSI, but after adjusting for 
parental factors, de RRs were 1.07 y 1.57

Neonatal and Infant Follow Up



AgeAge OROR AMHAMH

AFCAFC

Inform 
prognosis

Inform 
prognosis

Tailored 
stimulation

Egg donation VitrificationVitrification

Consultation
Workup
Carrier 
Testing

Counseling

Consultation
Workup
Carrier 
Testing

Counseling

Eggs 
collected

Eggs 
collected

IVF/ICSIIVF/ICSI
Embryo Culture

Non invasive 
Selection

Embryo Culture
Non invasive 

Selection
CCSCCS

sET of a euploid, metabolically healthy embryosET of a euploid, metabolically healthy embryo

TLSTLS MTBMTB NIGNIG

Infant 
follow-up

Infant 
follow-up

No ETNo ET



Embryo Culture
Non invasive 

Selection

Embryo Culture
Non invasive 

Selection

TLSTLS MTBMTB NIGNIG

Diagnosis of human preimplantation
embryo viability
David K. Gardner1,*, Marcos Meseguer2, Carmen Rubio3, and Nathan R. Terrify. 
Human Reproduction Update, Vol.21, No.6 pp. 727–747, 2015 
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