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Contemporary	
  Goals	
  of	
  IVF	
  

•  Reduce	
  number	
  of	
  embryos	
  transferred	
  

•  Maintain	
  high	
  live	
  birth	
  rate	
  per	
  transfer	
  

Need for Optimal Embryo Selection 



How	
  we	
  define	
  objecPvity	
  in	
  medical	
  science?	
  	
  

Assessment	
   Validated	
   Measurable	
   Repeatable	
  	
   Unbiased	
  	
   Consensus	
   Conclusion	
  

Objec,ve	
  	
  	
  	
   Yes	
   Yes	
   Yes	
   No	
   Yes	
   Real	
  

Subjec,ve	
  	
  	
   Par,ally	
   No	
   Maybe	
   Maybe	
   No	
  /Maybe	
   Maybe	
  Real	
  



Sperm	
  viability	
  assessment	
  –	
  none	
  is	
  

validated	
  today	
  	
  	
  

DNA	
  Integrity	
  

	
  	
  Mitochondrial	
  funcPon	
  	
  	
  	
  

	
  	
  Chromosomal	
  complement	
  

EpigenePc	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Sperm	
  Binding	
  Ability	
  Assessment	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Sperm	
  Head	
  Birefringence	
  Assessment	
  

	
  	
  	
  	
  	
  Sperm	
  DNA	
  Molecular	
  TargeQng	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Real-­‐Time	
  Fine	
  Sperm	
  Morphology	
  

Assessment	
  (IMSI)	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Magne,c-­‐Ac,vated	
  Cell	
  Sor,ng	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  for	
  Sperm	
  Prepara,on	
  
	
  	
  AcPvaPon	
  capacity	
  



Oocyte	
  morphology	
  assessment:	
  not	
  

validated	
  

1. Rienzi, et al. Human Reproduction update, 2011. 

2. Alpha Eshre Consensus document, 2011. 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Cumulus-­‐oocyte	
  complex	
  	
  expansion	
  

	
  

Polar	
  Body	
  Shape	
  &	
  Euploidy	
  

Vacuoles	
  or	
  refrac,le	
  bodies	
  

Zona	
  Pellucida	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

Dark	
  cytoplasm	
  or	
  diffuse	
  granula,on	
  

	
  Central	
  Granula,on	
  

Smooth	
  endoplasmic	
  re,culum	
  clusters	
  

Oocyte	
  Shape	
  

Periviteline	
  space	
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Embryo	
  morphological	
  assessment:	
  low	
  accuracy	
  	
  

Pronuclear	
  PosiPon	
  
Pronuclear	
  Size	
  
NPB	
  Number	
  

NPB	
  DistribuPon	
  
Cytoplasmic	
  Halo	
  

	
  
Blastocoel	
  Cavity	
  
Inner	
  Cell	
  Mass	
  
	
  Trophectoderm	
  

	
  
	
  

	
  

	
  

Cell	
  Number	
  -­‐	
  Blastomere	
  Size	
  

FragmentaPon	
  –	
  MulPnucleaPon	
  	
  -­‐	
  CompacPon	
  

	
  

	
  	
  

AUC ≈ 0.7 

1. Guerif, et al. 2007. 

2. Racowsky, et al. 2009. 

	
  
Early	
  

Pronuclear	
  
Breakdown	
  

	
  Early	
  Cleavage	
  
	
  

DAY 1                                          DAY 2 – 3                                                      DAY 4 - 5 



1. Blake, et al. 2007.  
2. Papanikolaou, et al. 2008. 

Blastocyst	
  culture	
  to	
  enhance	
  selecPon	
  



Excellent	
   Good	
   Average	
   Poor	
  

EUPLOIDY 

Blastocyst	
  morphology	
  can	
  not	
  be	
  relied	
  on	
  to	
  ensure	
  

the	
  transfer	
  of	
  the	
  chromosomally	
  normal	
  embryo	
  	
  

56,4%	
   39,2	
  %	
   42,8%	
   25,5%	
  	
  

Capalbo	
  et	
  al.,	
  Human	
  ReproducPon,	
  2014	
  



Why	
  test	
  for	
  aneuploidy?	
  

§  Embryo	
  selecPon	
  

§  Morphology	
  is	
  a	
  poor	
  predictor	
  of	
  embryo	
  viability	
  

§  Aneuploidy	
  is	
  the	
  principal	
  cause	
  of	
  	
  

§  Failed	
  implantaPon	
  

§  Miscarriage	
  

§  Down	
  syndrome	
  etc	
  



Contemporary	
  Understanding	
  of	
  Maternal	
  Age	
  and	
  Human	
  Embryonic	
  Aneuploidy	
  	
  	
  





Is aneuploidy testing beneficial? 



Is	
  transferring	
  an	
  aneuploid	
  embryo	
  acceptable?	
  



PGS: Back or Forward to meet the 

challenge? 

Mastenbroek, et al. 2011 

“If the facts don’t fit the theory, change the facts.” 

• Male	
  and	
  mitoPc	
  errors	
  not	
  detected	
  

•  AmplificaPon	
  efficiency	
  of	
  both	
  PBs	
  

low	
  

•  Higher	
  rate	
  of	
  mis-­‐diagnosis	
  

1. Geraedts, et al. 2011. 

2. Scott, et al. 2012. 

• MeioPc	
  and	
  mitoPc	
  aneuploidies	
  

• More	
  robust	
  genePc	
  diagnosis	
  

•  Reduced	
  biopsy	
  damage	
  to	
  the	
  embryo	
  

1. Schoolcraft, et al. 2010, 2011. 

2. Fragouli, et al. 2010. 

3. Capalbo, et al. 2012 

Full	
  chromosomal	
  	
  

complement	
  

analysis	
  



Minimum requirements.. 



pH	
   ROS	
  producPon	
  

and	
  REDOX	
  state	
  

CO2	
   O2	
  

Temperature:	
  37°C	
  +0.2°C	
  

Appropriate	
  culture	
  condiPons	
  should	
  be	
  maintained	
  

Bontekoe et al., Cochrane Database Syst Rev. 2012  



	
  

1.  OpPmized	
  and	
  standardized	
  culture	
  system	
  	
  

2.  Efficient	
  Biopsy	
  	
  technology	
  

3.  Efficient	
  vitrificaPon	
  program	
  

	
  

We	
  must	
  not	
  forget	
  solid	
  foundaPon	
  in	
  our	
  labs	
  





Does	
  aneuploidy	
  tes,ng	
  work?	
  

§  High	
  accuracy	
  (>98%)	
  tesPng	
  of	
  24	
  chromosomes	
  

§  5	
  RCTs	
  

§  All	
  report	
  significant	
  advantages	
  of	
  aneuploidy	
  tesPng	
  	
  

§  None	
  have	
  presented	
  any	
  negaPve	
  findings	
  



Does	
  Embryo	
  Biopsy	
  Impact	
  the	
  Development	
  Poten,al?	
  	
  

Sco8	
  et	
  al.	
  	
  FerPl	
  Steril	
  2013	
  



Overall	
  Implanta,on	
  Rates	
  

Day-­‐3	
  Bx	
  will	
  soon	
  be	
  

of	
  historic	
  interest	
  only	
  



Aneuploidy	
  Tes,ng	
  Improves	
  Outcome-­‐RCT	
  1	
  	
  

§  Women	
  <35	
  yr-­‐old	
  (good	
  prognosis	
  paPents)	
  

§  D-­‐5	
  Bx;	
  a-­‐CGH;	
  fresh	
  D-­‐6	
  ET	
  

§  Ongoing	
  pregnancy	
  rate	
  (>20	
  weeks)	
  per	
  cycle	
  

started	
  

§  Control:	
  	
  41.7%	
  (morphology	
  only)	
  

§  a-­‐CGH:	
  	
  69.1%	
  (p=0.009)	
  

Yang	
  et	
  al.	
  	
  Molecular	
  CytogenePcs	
  2012	
  



Aneuploidy	
  Tes,ng	
  Improves	
  Outcome-­‐RCT	
  2	
  

§  Women	
  >35	
  yr-­‐old	
  (mean	
  39	
  yr)	
  

§  Blastocyst	
  Bx;	
  SNP	
  array;	
  vitrificaPon;	
  transfer	
  in	
  later	
  

cycle	
  

Schoolcran	
  et	
  al-­‐2012	
  

Implanta,on	
  rate	
   Miscarriage	
  rate	
  

Control	
   38.7	
  %	
  a	
  	
   17.4	
  %	
  b	
  

Aner	
  tesPng	
   56.7	
  %	
  a	
  	
   0	
  %	
  b	
  

a,	
  b:	
  	
  P<0.05	
  



Aneuploidy	
  Tes,ng	
  Improves	
  Outcome-­‐RCT	
  3	
  	
  

§  Women	
  <43	
  yr-­‐old	
  (BEST	
  Trial)	
  

§  D-­‐5	
  Bx;	
  qPCR;	
  fresh	
  D-­‐6	
  transfer	
  

Forman	
  et	
  al.	
  	
  FerPl	
  Steril	
  2013	
  



RCT	
  3-­‐Same	
  delivery	
  rate..	
  (RCT)	
  



RCT	
  3-­‐Eliminates	
  mul,ples..	
  



Beder	
  obstetric	
  outcome..	
  



Aneuploidy	
  Tes,ng	
  Improves	
  Outcome-­‐RCT	
  4	
  	
  

§ Women	
  20-­‐42	
  yr-­‐old	
  (mean	
  32	
  yr)	
  

§  D-­‐5	
  Bx;	
  qPCR;	
  fresh	
  D-­‐6	
  transfer	
  

Sco8	
  et	
  al.	
  	
  FerPl	
  Steril	
  2013	
  

Sustained	
  

Implanta,on	
  rate	
  

Delivery	
  rate/cycle	
  

Control	
   47.9	
  %	
  a	
  	
   67.5	
  %	
  b	
  

Aner	
  tesPng	
   66.4	
  %	
  a	
  	
  	
   84.7	
  %	
  b	
  

a,	
  b=	
  p<0.01	
  



Aneuploidy	
  Tes,ng	
  Improves	
  Outcome-­‐Conclusions..	
  

§  One	
  third	
  to	
  two	
  third	
  increase	
  in	
  implantaPon	
  rate	
  

§  Remarkably	
  similar	
  results	
  despite	
  different	
  clinics	
  



Aneuploidy	
  Tes,ng	
  Improves	
  Outcome	
  



Aneuploidy	
  Tes,ng	
  Improves	
  Outcome	
  



37,1% 
52,5% 

69,5% 
79,9% 

≤35 yr 36-38 yr 39-41 yr 42-45 yr 

Blastocyst aneuploidy rate 

9,5% 
24,4% 

39,7% 

62,8% 

≤35 yr 36-38 yr 39-41 yr 42-45 yr 

Embryo cancellation rate 

49,3% 47,4% 45,8% 50,0% 

≤35 yr 36-38 yr 39-41 yr 42-45 yr 

Life birth rate / ET 

10,5% 4,5% 9,4% 5,0% 

≤35 yr 36-38 yr 39-41 yr 42-45 yr 

Abortion rate 

PGS results stratified according to maternal age at OPU (GENERA; 630 cycles)  



75	
  pa,ents	
  

(88	
  cycles)	
  

Start	
  COS	
   Blast	
  Bx	
   ≥1	
  Euploid	
  embryo	
   Pregnancy/ET	
  

47	
  pa,ents	
  (63%)	
  

(52	
  cycles;	
  60%)	
  

32	
  pa,ents	
  (43%)	
  

(31	
  cycles;	
  35%)	
  

12/17	
  a	
  

a:	
  	
  All	
  SET;	
  1	
  biochemical,	
  1	
  miscarriage.	
  

	
  	
  	
  	
  	
  Ongoing	
  PR=	
  10/17=	
  59%	
  

Our	
  Results-­‐Blastocyst	
  Bx	
  (a-­‐CGH)	
  





Should	
  all	
  pa,ents	
  be	
  offered	
  aneuploidy	
  tes,ng?	
  

§  TradiPonal	
  aneuploidy	
  tesPng	
  are:	
  

§  Advanced	
  maternal	
  age:	
  	
  >34	
  ?;	
  >36	
  ?;	
  >38	
  ?	
  

§  Recurrent	
  miscarriage-­‐	
  2	
  or	
  more	
  ?;	
  3	
  or	
  more	
  ?	
  

§  Recurrent	
  implantaPon	
  failure;	
  2	
  or	
  more	
  ?;	
  3	
  or	
  more	
  ?	
  

§  Good	
  evidence	
  that	
  good	
  prognosis	
  paPents	
  benefit	
  



Should	
  all	
  pa,ents	
  be	
  offered	
  aneuploidy	
  tes,ng?	
  



Should	
  all	
  pa,ents	
  be	
  offered	
  aneuploidy	
  tes,ng?	
  



EFFICACY	
  =	
  in	
  IVF	
  refers	
  to	
  the	
  number	
  of	
  baby	
  born	
  per	
  s4mula4on	
  cycle	
  

EFFICIENCY	
  =	
  it	
  describes	
  the	
  extent	
  to	
  which	
  4me,	
  effort	
  or	
  cost	
  is	
  well	
  used	
  for	
  

intended	
  task	
  or	
  purpose	
  

same	
  number	
  of	
  newborns	
  per	
  cycle	
  

More	
  	
  

Cost-­‐effec,ve	
  	
  

Less	
  ,me	
  to	
  

pregnancy	
  
Lower	
  aborp,on	
  rate	
  

Single	
  embryo	
  

transfer	
  and	
  

less	
  mul,ple	
  

pregnancy	
  

Lower	
  abnormal	
  

pregnancies	
  

X	
  
X	
  X	
  



Aneuploidy	
  Tes,ng-­‐Conclusions	
  

§  Avoids	
  mulPples	
  (very	
  efficient	
  eSET	
  strategy)	
  

§  Avoids	
  aneuploid	
  transfers	
  and	
  pregnancies	
  

§ Miscarriage;	
  Down	
  syndrome	
  etc	
  

§  Avoids	
  cryopreservaPon	
  of	
  aneuploid	
  embryos	
  

§  Faster	
  Pme	
  to	
  pregnancy	
  

	
  




