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Assisted Reproductive Technologies 

Latin American Registry (2012) 

Multinational data – Latin America 

•155 institutions 

•14 countries 

31,857 IVF-ICSI cycles 

10,073 FETs cycles 

5396 IVF-ICSI cycles with 
donated oocytes 

1764 Fertility preservation 
cycles 

47,326 Total cycles  

21,452 Brazil (45%) 

 Where are we? 
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Environment 
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Assisted Reproductive Technologies 

Quality Control (QC) 

 Why culture medium concern? 

 



Quality Control (QC) 

Air Quality – ISO class 5 



Quality Control (QC) 

Air Quality – Incubators 



Quality Control (QC) 

Lab  Environment 



Quality Control (QC) 

Incubators  Environment 



Quality Control (QC) 

Culture Medium 



Assisted Reproductive Technologies 

Quality Control (QC) 



Quality Control (QC) 

Day 5 transfer 
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Quality Control (QC) 

Day 5 transfer 



Quality Control (QC) 

Day 5 transfer 



Quality Control 

Culture Medium 

Culture Systems: Low O2 

Blastocyst Cryopreservation 

Assisted Reproductive Technologies 

Day 5 transfer 



Quality Control (QC) 

Culture of the human embryo 

 Which media to use? 

 Formulations Strategies 
 

 Universal Media  

 Back to the Nature 

 Let the embryo choose 

 



Quality Control 

Culture Medium 

Culture Systems: Low O2 

Blastocyst Cryopreservation 

Assisted Reproductive Technologies 

Day 5 transfer 



Culture Systems: Low O2 

Blastocyst Cryopreservation 

Ana Cobo, ALPHA 2012 

Fujiwara et al., 2007 

Benchtop Incubators 

Vitrification 



Assisted Reproductive Technologies 

How to improve results? 



Oocyte 

Sperm 

Embryo Day 1  

Embryo Day 2 

Embryo Day 3 

Assisted Reproductive Technologies 

Current and future perspectives 
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MSOME 

 Motile Sperm Organellar Morphology Examination 

 

INVERTED 
LIGHT 

MICROSCOPE 

DIC 

 

REAL TIME 
SELECTION 

VIABLE SPERM 
CELL AFTER 
EVALUATION 

 

MAGNIFICATION 

6000-13000x 

SPERM MORPHOLOGY 
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50 patients 
200 sperm 

cells 

MSOME 

DNA 
fragmentation 

Aneuploidy 

http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=
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IMSI 

Intracytoplasmic Morphologically Selected Injection 
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DIC 

 

 

MAGNIFICATION 

6000-13000x 
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HOFFMAN 

IMSI 
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 Fertilization 

High-quality embryos 
No significance 

OR: 1.83 (1.50 – 2.24), p<0.001 



27 

 

 

 

 
OR: 2.72 (1.50 – 4.95), p=0.001 

Implantation 

Pregnancy 

OR: 3.12 (1.55 – 6.26), p=0.001 
Miscarriage 

OR: 0.42 (0.23 – 0.78), p=0.006 



High-cost 

Learning curve 

Lack of standardized 
selection criteria 

Time-consuming 
Prolonged handling 
time of male gamete 

Delayed injection 

Problems in 
managing the ART 

laboratory 

IMSI – DRAWBACKS 



IMPLANTATION FAILURE 

(Bartoov, 2002 e 2003; Junca, 2004; Berkovitz, 2006; Hazout, 2006; Antinori 
2008; Nadalini, 2009; Cassuto, 2009; Wilding, 2011) 

HIGH SPERM DNA FRAGMENTATION RATE 

(Hazout, 2006; Wilding, 2011) 

MALE FACTOR 

(Balaban, 2010; Wilding, 2011, Setti, 2011)  

LOW BLASTOCYST RATE 

(Knez, 2012) 

ADVANCED MATERNAL  AGE 

(Setti, 2013 ) 

UNEXPLAINED INFERTILITY 

(Setti, 2013 in press) 



IMPLANTATION FAILURE 

(Bartoov, 2002 e 2003; Junca, 2004; Berkovitz, 2006; Hazout, 2006; Antinori 
2008; Nadalini, 2009; Cassuto, 2009; Wilding, 2011) 

HIGH SPERM DNA FRAGMENTATION RATE 

(Hazout, 2006; Wilding, 2011) 

MALE FACTOR 

(Balaban, 2010; Wilding, 2011, Setti, 2011)  

LOW BLASTOCYST RATE 

(Knez, 2012) 

ADVANCED MATERNAL  AGE 

(Setti, 2013 ) 

UNEXPLAINED INFERTILITY 

(Setti, 2013 in press) 



Groups 

Inclusion 
criteria 

Experimental 
design 

Prospective and randomized   

  

Male factor 
≥ 6 retrieved oocytes 

 

ICSI  
n = 250 

IMSI 
n = 250 

IMSI – MALE FACTOR 



OAT patients 

(n= 244) 

OAT-1999 
Group 

(n= 244) 

< 20 
million/mL 

< 50% 

and < 14%   

ICSI 

(n= 128) 

IMSI 

(n= 116) 

OAT-2010 

Group 

(n= 165) 

< 15 
million/mL 

< 40% 

and < 4%   

ICSI 

(n= 88) 

IMSI 

(n= 77) 

IMSI – MALE FACTOR 



    

 

 

Outcome OR CI P value 

Fertilization 4.3 2.2 – 6.4 0.004 

Top quality embryos 0.87 0.6 – 1.8 0.784 

Pregnancy 1.67 1.2 – 3.0 0.045 

Implantation 2.6 1.2 – 5.7 0.013 

Miscarriage 1.2 0.6 – 1.6 0.487 

IMSI – MALE FACTOR 

IMSI efficacy           OAT-2010 Group 

 

 

 

 

 

 

 

 

 

 

 



IMPLANTATION FAILURE 

(Bartoov, 2002 e 2003; Junca, 2004; Berkovitz, 2006; Hazout, 2006; Antinori 
2008; Nadalini, 2009; Cassuto, 2009; Wilding, 2011) 

HIGH SPERM DNA FRAGMENTATION RATE 

(Hazout, 2006; Wilding, 2011) 

MALE FACTOR 

(Balaban, 2010; Wilding, 2011, Setti, 2011)  

LOW BLASTOCYST RATE 

(Knez, 2012) 

ADVANCED MATERNAL  AGE 

(Setti, 2013 ) 

UNEXPLAINED INFERTILITY 

(Setti, 2013 in press) 



Clinic 

appointment 

Eligible 

Discuss trial, 
invite patient 
to participate 

Agree to 
participate 

Consent 

Randomization 

IMSI 

N = 33 

ICSI 

N = 33 

Does not agree 
to participate 

Not eligible 

Standard care 

OOCYTE REPAIR 
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Variable IMSI group 

(n=33) 

ICSI group 

(n=33) 

p value 

Fertilization rate (%) 67,1 69,7 0,727 

High-quality embryos rate on D3 (%) 48,5 44,3 0,615 

Blastocyst formation rate (%) 34,1 19,6 0,001 

Cycles with embryo transfer (%) 30/33 (90,9) 29/33 (87,9) 0,688 

Mean number of transferred 

embryos 

1,5 ± 0,6 1,1 ± 0,3 0,003 

Implantation rate (%) 38,3 12,1 0,026 

Pregnancy rate (%) 18/30 (60,0) 4/29 (13,8) <0,001 

Miscarriage rate (%) 6/18 (33,3) 0/4 (0,0) 0,540 

IMSI – MATERNAL AGE 



IMPLANTATION FAILURE 

(Bartoov, 2002 e 2003; Junca, 2004; Berkovitz, 2006; Hazout, 2006; Antinori 
2008; Nadalini, 2009; Cassuto, 2009; Wilding, 2011) 

HIGH SPERM DNA FRAGMENTATION RATE 

(Hazout, 2006; Wilding, 2011) 

MALE FACTOR 

(Balaban, 2010; Wilding, 2011, Setti, 2011)  

LOW BLASTOCYST RATE 

(Knez, 2012) 

ADVANCED MATERNAL  AGE 

(Setti, 2013 ) 

UNEXPLAINED INFERTILITY 

(Setti, 2013 in press) 



Variable IMSI group 

(n=36) 

ICSI group 

(n=36) 

p value 

Fertilization rate (%) 75,9 66,0 0,032 

High-quality embryos rate on D3 (%) 53,5 59,6 0,412 

High-quality embryos rate on D5 

(%) 

34,3 23,2 0,006 

Mean number of transferred embryos 2,8 ± 0,5 2,7 ± 0,6 0,546 

Implantation rate (%) 39,6 19,4 0,019 

Pregnancy rate (%) 24/36 (66,7) 12/36 (33,3) 0,004 

IMSI – UNEXPLAINED INFERTILITY 

(Setti, in press) 



  MEDLINE 

 April 2013 
• Articles ICSI x IMSI 

Keywords 
• “ICSI”, “IMSI”, 

“MSOME”, “high 
magnification IMSI”  

Cycles 

Inclusion 
criteria 

Selected 
studies 

n = 12 

Previous ICSI 
failures 

n = 6 

n = 440 IMSI 

n = 667 ICSI 

Male factor 

n = 8 

n = 1200 IMSI 

n = 1999 ICSI 



 IR 

 PR 

 MR 

Previous ICSI failures 

OR: 2.88 (2.13 – 3.89), p<0.00001 

OR: 2.07 (1.22 – 3.50), p=0.007 

OR: 0.31 (0.14 – 0.67), p=0.003 



 IR 

 PR 

 MR 

Male factor 

Study or Subgroup

Antinori et al.

Wilding et al.

Setti et al.

Knez et al.

Knez  et al.

Total (95% CI)

Total events

Heterogeneity: Tau² = 0.13; Chi² = 14.98, df = 4 (P = 0.005); I² = 73%

Test for overall effect: Z = 2.13 (P = 0.03)

Events

97

86

158

6

27

374

Total

560

355

664

35

93

1707

Events

59

48

156

3

19

285

Total

521

324

613

44

115

1617

Weight

25.4%

24.1%

27.9%

5.9%

16.7%

100.0%

M-H, Random, 95% CI

1.64 [1.16, 2.32]

1.84 [1.24, 2.72]

0.91 [0.71, 1.18]

2.83 [0.65, 12.24]

2.07 [1.06, 4.02]

1.54 [1.04, 2.28]

Year

2008

2011

2011

2011

2012

IMSI ICSI Odds Ratio Odds Ratio

M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours ICSI Favours IMSIOR: 1.54 (1.04 – 2.28), p=0.03 

OR: 1.63 (1.15 – 2.30), p=0.006 

OR: 0.85 (0.54– 1.35), p=0.5 



Oocyte 

Sperm 

Embryo Day 1  

Embryo Day 2 

Embryo Day 3 

Assisted Reproductive Technologies 

Current and future perspectives 



Cytoplasmic features 

-Diffuse cytoplasmic granularity (A) 

-Centrally located cytoplasmic granular area (B) 

-Dark garnular cytoplasm 

-Smooth endoplasmic reticulum clusters (C) 

-Vacuoles (D) 

-Cytoplasmic inclusions  

Extracytoplasmic features: 

-Large I Polar body 

-Abnormal zona pellucida shape or color  (E) 

-Perivitelline space  granularity  (F) 

-Large perivitelline space  (F) 

-Abnorma shape of the oocyte 

A B C 

D E F 

Rienzi et al., 2011 

Figueira et al.,2010; Rienzi et al., 2011; Setti et al., 2011 

OOCYTE MORPHOLOGY 



FSH TOTAL 

DOSE 

ASPIRATED 

FOLLICLES 

OOCYTE 

YIELD 

MII 

RATE 

PATIENT 

AGE 

FERTILIZATION EMBRYO QUALITY 

Figueira et al., Fertil Steril  2010 

OOCYTE MORPHOLOGY 

Contribuiting factors: 

ICSI outcome effects: 



Figueira et al., Fertil Steril  2010 

3148 oocytes 
60.2% at 

least one 

morphologic 

abnormalitie 

OOCYTE MORPHOLOGY 



Contribuiting factors and effects on oocyte morphology Odds ratio (95% CI) P  value

Maternal age

Large perivitelline space size 1.09 (1.07 - 1.11) <0.001

Perivitelline space granularity 1.03 (1.01 - 1.05) <0.001

Vacuoles 1.07 (1.04 - 1.11) <0.001

GnRH agonist protocol*

Large perivitelline space size 1.83 (1.49 - 2.25) <0.001

Perivitelline space granularity 1.23 (1.02 - 1.48) 0.034

Total dose of FSH*

Perivitelline space granularity 1.10 (1.00 - 1.20) 0.040

Number of aspirated follicles*

Increased cytoplasmic granularity 1.02 (1.01 - 1.02) <0.001

Oocyte yield (no. of retrieved oocytes/no. follicles)*

Increased cytoplasmic granularity 1.01 (1.00 - 1.01) 0.016

Perivitelline space granularity 1.02 (1.01 - 1.02) 0.016

MII oocyte rate (no. of MII oocyte/number of retrieved oocyte)*

Fragmented first polar body 1.01 (1.00 - 1.01) 0.013*Regression analyses maternal age-adjusted. 

 Figueira et al., 2009 
Figueira et al., Fertil Steril  2010 

OOCYTE MORPHOLOGY 



Oocyte abnormalities effects on fertilization and 

embryo quality
Odds ratio (95% CI) P  value

Fertilization rate

Increased cytoplasmic granularity 1.22 (1.02 - 1.45) 0.010

Vacuoles 1.46 (1.02 - 2.10) 0.031

Large perivitelline space size 1.24 (1.02 - 1.52) 0.004

Embryo quality on the third day of development

Perivitelline space granularity 1.32 (1.04 - 1.69) 0.023

Figueira et al., 2009 
Figueira et al., Fertil Steril  2010 

OOCYTE MORPHOLOGY 



FSH TOTAL 

DOSE 

ASPIRATED 

FOLLICLES 

OOCYTE 

YIELD 

MII 

RATE 

 

PATIENT 

AGE 

FERTILIZATION EMBRYO QUALITY 

Figueira et al., Fertil Steril  2010 

OOCYTE MORPHOLOGY 

Contribuiting factors: 

ICSI outcome effects: 



OOCYTE MORPHOLOGY 



OR: 0.29 (0.09 – 0.90), p<0.00001 

OR: 0.86 (0.74 – 0.99), p=0.03 

OR: 0.66 (0.51 – 0.84), p=0.001 

OR: 0.59 (0.42 – 0.83), p=0.002 





OOCYTE SUBCELLULAR STRUCTURES 





Madaschi et al., RBMOnline, 2009 

OOCYTE SUBCELLULAR STRUCTURES 



Oocyte 

Sperm 

Embryo Day 1  

Embryo Day 2 

Embryo Day 3 

Assisted Reproductive Technologies 

Current and future perspectives 



EMBRYO MORPHOLOGY 



http://www.alphascientists.com/images/embryology/9.jpg


Assessing fertilization and zygotes 

-Two pronuclei and two polar bodies 

Pronuclear (PN) morphology  

-PN size and position 

-Nucleolar precursor bodies (NPBs) number 

-NPBs relative position 

-Cytoplasmic halo presence 

-Vacuoles presence 

Tesarik et al., 1999; Scott et al., 2000; Montag et al., 2001; Rienzi et al., 2002; Brezinova et al., 2009 

Assessing cleavage-stage embryos 
Blastomere number and cleavage rate  

-No. of cells on day 2 

-No. of cells on day 3 

-Completely arrested 

-Arrested in one blastomere 

Racowsky et al., 2003; Magli et al., 2007; Racowsky et al., 2011; Kroener et al., 2014 



Assessing cleavage-stage embryos 

Uneven cell size 

-Symmetrical blastomeres 

-Asymmetrical blastomeres 

 
Hardarson et al., 2001; Racowsky et al., 2003; Racowsky et al., 2011 

Fragmentation 

Quantitative description: 

-Relative proportion 

-<10% fragmentation - negligible  

Qualitative description (Alikani et al., 1999): 

-Size and distribution 

Munne et al., 1998 ; Alikani et al., 1999; Magli et al., 2007; Stensen et al., 2015 

Multinucleation 

-No. of  interphase nucleus in each blastomere 

-No. of  multinucleated blastomeres 

Meriano et al., 2004; Moriwaki et al., 2004; Rienzi et al., 2005;  Magli et al., 2007 







Parameters 
evaluated 

• Number of blastomeres 

• Blastomeres uniformity 

• Fragmentation degree 

• Multinucleated 
blastomeres   

• Cleavage rate  

• Number and size of 
pronuclei  

• Number of nucleolar 
precursor bodies (NPB)   

• NPB distribution in each 
pronucleus 

• Oocyte dysmorphisms 

 

743 ICSI 
Cycles 

 

583 
Patients 

 

5850 
Embryos 

Study 
Population 

Morphological 
Evaluation 

D+1 

D+0 

D+2 

D+3 

End 
points 

• Blastocyst rate 

• Implantation 

rate 

MULTIVARIABLE PREDICTION MODEL 

Figueira et al.,2015 unpublished data 



Ranking embryos based on their blastocyst 
achievement potential 

 P OR CI (Lower-Upper)

1 Maternal age <0.001 0.959 0.943-0.975

2 Oocytes retrived (%) 0.003 0.994 0.990-0.998

3 Oocyte perivitelline space alteration <0.001 0.668 0.556-0.804

Slow cleavage <0.001 0.608 0.474-0.780

Fast cleavage <0.001 0.351 0.271-0.453

5 Asymmetric blastomeres <0.001 0.663 0.568-0.773

6 Multinucleation 0.021 0.660 0.464-0.939

7 Multinucleation (more than 25% of embryo blastomeres) 0.001 0.560 0.392-0.801

8 Anucleated blastomeres <0.001 0.619 0.525-0.730

9 Number of cells <0.001 1.244 1.145-1.351

Slow cleavage <0.001 0.465 0.351-0.616

Fast cleavage <0.001 0.504 0.370-0.687

11 Asymmetric blastomeres <0.001 0.676 0.575-0.795

0-10% Fragmentation 0.001 0.430 0.261-0.709

0-20% Fragmentation <0.001 0.283 0.155-0.514

13  Multinucleated blastomeres 0.006 0.786 0.663-0.933

14 Anucleated blastomeres 0.010 0.891 0.815-0.973

4

10

12

Potential predictive factors
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 P OR CI (Lower-Upper)

1 Maternal age <0.001 0.878 0.833-0.925

2 Asymmetric blastomeres 0.046 0.624 0.393-0.992

3 Multinucleation 0.011 0.254 0.088-0.732

4 Anucleated blastomeres 0.029 0.451 0.221-0.923

D

a

y

 

2

Potential predictive factors 

End 
points 

• Blastocyst rate 

• Implantation 

rate 

Ranking embryos based on their implantation 
potential 

Figueira et al.,2015 unpublished data 



GENOME 

~25,000 GENES 

TRANSCRIPTOME 

~100,000 

PROTEOME 

~1,000,000 

METABOLOME 

~2,500 



ICSI 

FERTILIZATION 

D2 

D3 

D5 -20º C 

POSITIVE PREGNANCY POOL 

100% IMPLANTATION 

N= 4 COUPLES 

N= 8 EMBRYOS 

NEGATIVE PREGNANCY POOL 

0% IMPLANTATION 

N= 4 COUPLES 

N= 8 EMBRYOS 



25 PROTEINS 

Positive Group: 15 

Negative Group: 10 



ICSI 

FERTILIZATION 

D2 

D3 

D5 
-20º C 

SAMPLE DILUTION 

MASS 

SPECTROMETRY  

DATA ACQUISITION DATA ANALYSIS 

ESI-LTQ-FT  

 

POSITIVE PREGNANCY POOL 

100% IMPLANTATION 

N= 15 COUPLES 

N= 29 EMBRYOS 

NEGATIVE PREGNANCY POOL 

0% IMPLANTATION 

N= 40 COUPLES 

N= 84 EMBRYOS 



VALIDATION – 38 samples 

100% x  0% 

IMPLANTATION 

Positive: 100% 

Negative: 70% NON-INVASIVE PREDICTION OF EMBRYO IMPLANTATION POTENTIAL 

AND CULTURE MEDIA QUALITY CONTROL BY MASS SPECTROMETRY 

FINGERPRINTING  - GFI 2012 



Fertility Medical Group - Brazil 

Results IVF –ICSI cycles 

2008 2009 2010 2011 2012 2013 2014

497 452 

641 
734 

903 874 863 

ICSI cycles 

2008 2009 2010 2011 2012 2013 2014

35,5 
35,8 

35,1 
35,4 

36,1 
36,3 

36,5 

Maternal age 

2008 2009 2010 2011 2012 2013 2014

17,0 
17,3 

15,7 
15,3 

14,6 
15,1 

14,6 

No. of aspirated follicles 

2008 2009 2010 2011 2012 2013 2014

12,1 

11,6 
11,2 

10,7 
10,3 

10,7 10,7 

No. of retrieved oocytes 



Fertility Medical Group - Brazil 

Results IVF –ICSI cycles 

2008 2009 2010 2011 2012 2013 2014

36,7 36,4 37,3 

45,5 43,5 41,3 
46,3 

Pregnancy rate per embryo transfer(%) 

2008 2009 2010 2011 2012 2013 2014

21,3 22,6 23,9 

34,7 
32,1 

34,7 36,3 

Implantation rate (%) 

Pregnancy rate per embryo transfer (%) - 2014 Implantation rate (%) - 2014 

Maternal age Maternal age 



Fertility Medical Group - Brazil 

Results FET cycles 

2008 2009 2010 2011 2012 2013 2014

142 157 144 

186 
214 228 

265 

FET cycles 



Fertility Medical Group - Brazil 

Results FET cycles 

2008 2009 2010 2011 2012 2013 2014

24,6 
30,6 

42,7 

53,0 55,5 

47,1 49,3 

Pregnancy rate per embryo transfer (%) 

2008 2009 2010 2011 2012 2013 2014

17,4 19,9 

28,2 

44,5 46,7 

39,4 41,8 

Implantation rate (%) 

Pregnancy rate per embryo transfer (%) - 2014 Implantation rate (%) - 2014 

Maternal age Maternal age 



 

Fresh oocytes Oocyte Bank 

Pregnancy rate per 

embryo transfer 
55,6% 52,1% 

Implantation rate 40,0% 39,0% 

 

2008 2009 2010 2011 2012 2013 2014

54 

83 87 
94 96 

82 

108 

Oocyte donation cycles 

Fertility Medical Group - Brazil 

Results Oocyte donation cycles 





Thank you! 

rita@fertility.com.br 


