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For better outcome? 

• Age (<37) 

• First cycle 

• High quality embryo at previous cycle 

• Normal uterine cavity and absence of hydrosalphinx 

• Absence of endometriosis 

• Absence of endometrial factor 

• Absence of abnormal gamet morphology 

• High quality embryo for freezing 



  How to improve 
ART outcomes?  

 



 Ovarian reserve evaluation 

 

 Immunological screening  

 

 

 A ‘must’ before ART? 

 

 

 

 

 

H/S 

L/S 

Myomectomy? 

Polypectomy? 

HSG? 

AMH 

AFC 

FSH,E2 



 

 Oocyte factor 

 

 

 Adjuvant therapies 

 

 

 

 Outcome measurements 

Age, smoking 

Obesity, PCOS 

Endometrosis 

Ovarian surgery 

DHEA  

Luteal Phase 

Support  

GH  

Progesteron 

Estradiol 



 Embryo transfer 

 

 

 

 Endometrial factor 

 

timing? 

 

tecnique? 

USG 

 

Scratch 



 

 



   AMH< 1,96ng/mL  (<4 oocytes) 300IU/day 

   AMH> 4,2 ng/mL 150 IU100-125 IU/day 

Ovarian 

reserve: 

AMH, D3 FSH, 

E2 

inhibin B 



• High OHSS risk 

• low FSH dose 

     (125 IU/gün) 

• GnRH ant. 

protocol 

• Agonist trigger 

Gonadotropin dosage 

should be decided 

according to age  

• AMH<0,01 ng/mL 

Poor reserve 

 

• FSH <15 IU/L 

High dose gonadotropin 



 

 
 AFC <4                cycle cancellation 37x 

 

 3D  and  2D USG  same  but  AFC is less 
effective for predicting ART outcome. 
 

 AMH and AFC have similar efficacy for 
predicting pregnancy outcome. 

Gibreel A, Hum Fertil 2009 

  



 AMH, is better than D3 FSH, estradiol and inhibin B for 
predicting ART outcome. 

 

 

 

 

 For predicting high response  AMH >FSH, AFC 

 For predicting poor response AMH=AFC>FSH 

 

Seifer DB, Fertil Steril, 2002 

Hazout A, Fertil Steril, 2004 

Muttukrishna S, BJOG, 2004 

Penarrubia J, Hum Reprod, 2005 

Tremellen KP, Obstet Gynecol, 2005 

Nardo LG, Fertil Steril,2009 





Immunologic screening 

Before ART 

Autoantibodies Frequency in 
infertile women 

Correlation with 
Infertility 

Other 

Antiphospholipid - Habituel abortion 

Antithyroid Minimally - 
 

Tiroiditis, abortion 

Antigliadin Minimally - 
 

Celiac disease 

Antisperm No effect - 
 

Fertilisation failure 

Antinuclear Minimally - Otoimmune 
disease 

Antiovarian Minimally - Otoimmune 
disease 



Immunologic screening 

Before ART 
 APA screening is not necessary before ART!   
                                                                                                                 ASRM  

 

  APA(+)  is not associated with poor outcome. 

              

                                                                     Buckingham KL, J Reprod Immunol 2009 

 

Anticoagulant therapy does not change outcome of APA(+)  patients.      

                                                                                                                                ASRM, 2008  

 

 Routine tyroid autoantibody  screening is not suggested. 

 

 If habituel abortion history is positive; autoantibody evaluation may be 

    valuable 

 



Immunological screening 

Before ART 

Which patients should be screened? 
 

 History of venous thromboembolism  

 Presence of high risk trombophilia(+) at  

   1. degree relatives  

 Venous thromboembolism (age of <50 (+)) 



 

Tyroid Functions? Antibodies ? 

Before ART 

Thyroid Function Tests: 

 Anovulatuar and idiopatic infertile patients 5-6% 

 Tubal and male factor (+) 2%  

 

TSH, sT4 must be evaluated before ART 



H/S? 

L/S? 

Myomectomy? 

Polypectomy? 

HSG? 



Is hysteroscopy routine before ART? 

Hysteroscopy suggested ! 

 

1.Age >35 , abnormal uterine bleeding,  

abnormal clinical symptoms 

2. 2 IVF failure 

3. Sign + (Intrauterine polyp, submucosal leiomyoma, 

uterine septum, Ashermans syndrome…) 

Not suggested ! 

• No signs 

• For uterine cavity evaluation US/HSG/H/S  

• Age <35, male factor (+),  family history (-) 



Is laparoscopy routine before ART? 

Laparoscopy is suggested; 

 

1. Presence of pelvic inflamatory disease 

2. Presence of hydrosalpinx, endometriosis or 

endometrioma  

If the etiology of the infertility is clear it is unnecessary 



Myomectomy before ART 

 Intramural & >4 cm  distorting cavity/degenerated:::::::::Myomectomy  

 Intramural & >5cm   not distorting cavity::::::::::::::::::? 

 Subserosal &  >5cm   ::::::::::::::::::::::::::::::::::::::::::::::::::? 

 Submucosal & >1cm   Myoma / Polyp :::::::::::::::::::::::::::Myomectomy 

IM Leiomyoma: does not change pregnancy 

rates 

 

SM leiomyoma: increases pregnancy rates but 

same abortion rates 

          Pritts et al, Fertil Steril, 2009 





 Postoperative synechia with monopolar cautery 

% 35–45 , bipolar cautery %7.5  

 

 

 

 Second look H/S is suggested  after 6-8 weeks 

after prosedure (%10 synechia +) 

Touboul C.Fertil Steril 2009 

Capmas M, Curr Opinion,2013 



Polypectomy before ART 

 Polyp: 

 Abnormal implantation 

 Irreguler bleeding 

 Inhibition of sperm transport 

 Inflammatory process 

 Glycodelin secretion  

 Excision (H/S) 

 RCT: H/S polypectomy improves pregnacy outcomes 

when compered with biopsy.(%63 vs %28) 
     Perez-Medina T et al. Hum Reprod 2005 

 



Hydrosalpinx before ART? 

 Hydrosalpinx : Decreased implantation rates. 

 

 Decreases IVF success rates up to 50% : 

 Mecanical or toxic effect 

 ‘Wash-out’ effect to the embryo 



Hydrosalpinx therapy 

1. Reconstructive surgery 

2. Medical therapy (doxicycline) 

3. Salphingectomy 

4. Proximal Tubal Occlusion 

 Clips  

 Electrocautery  

 Hysteroscopy :  Essure, Adiana, Ovabloc  

5. Salphingostomy 

6. Aspiration 

 Johnson N et al. Cochrane Database Syst Rev 2010 



Hydrosalpinx Therapy 

  Laparoscopic salphingectomy is suggested. 

  Laparoscopy eases OPU and lessens possible complications 

 like abscess, torsion. 

  
Johnson N et al. Cochrane Database Syst Rev 2010 





Age 
Smoking 
Obesity 
PCOS 

Endometriosis 
Ovarian surgery 

 
 



Age 

Pregnacy % 

Cycle number 





0

5

10

15

20

25

30

35

40

45

50
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*XY, 13, 15, 16, 18, 21, 22  (Munne et al, 2003) aneuploidi 

Aneuploidy* 

Implantation 

Age - PGD  
% 



Smoking 



Obesity 

 Weight   Fertility 

 High gonadotropin and cost 

 Diet, exercise, stress management, habituel 

education  

 5-7 kg weight loss, decreases insulin resistance, 

induces spotaneous ovulation and pregnancy. 

 

Clark AM, Hum Peprod,1998 



COH PROTOCOLS 

 Minimal-mild 
stimulation 

 

 GnRH agonist 

  

 GnRH antagonist 

 
 

MODIFIED PROTOCOLS 

 GnRH agonist 
trigger 
 

 Metformin  
 

 IVM 
 

 Embryo freezing 



‘PCOS’: Metformin  

 PCOS;  Insulin resistance 

 RCT 
 Metformin started 16 weeks before cycle 

 Dose and duration heterogenous (2x500mg, 3x850mg) 

 

 Metformin > placebo     

 Increased live birth rates 
  

                                           Tso LO, Cochrane Database Syst Rev 2009 



Metformin and OHSS 

 Metformin     hCG day  testosteron, free androgen  

 hCG  day E2 and VEGF   OHSS  

 Long GnRH agonist protocol  OHSS 
                 

                                      TSO LO, Cochrane Database Syst Rev 2009 

 

                    



 AMH (sens. %90.5,spes. %81.3) 

 

 AMH  cut-off 3,36 ng/mL 

 

 

Lee et al,2008 



 PCOS and OHSS history 

 Mild stimulation 

 Antagonist protocols 

 Coasting  

 Analog trigger 

 IV albumin-OPU 

 Cryopreservation 

 In vitro maturation   

 Low dose hCG 

 Metformin and dopamine  

Aboulghar, Rep Biomed Online, 2009  



OHSS Prevention 

Papanikolaou EG, Reproductive Biology & Endocrinology, 2011 



Endometriosis and ART 

Ultra-long protocol 
 

 GnRH agonist 3-6 months or OCs 6-8 weeks before ART 
    

                                                                                           Surrey ES et al. Fertil Steril 2002 
             Sallam HN et al. Cochrane Database Syst Rev 2006   

     

                                                                                           De Ziegler et al. Fertil Steril 2010 

       

       

     Ongoing pregnancy rates and  
   MII oocyte and number of embryos  



Endometriosis: surgery before ART? 

 There is no consensus! 

 Unilateral vs bilateral  

 Size, age, previous surgery 

 Surgical technique 

•  >4 cm endometrioma  SURGERY 
            ESHRE Consensus  

 

Similar success rates after surgical 

management 

                Garcia-Velasco et al. Fertil Steril 2004 

 

• Recurrent IVF failure    Pregnancy after 

surgery %72                                       

         Littman E et al. Fertil Steril 2005 



 

DHEA ? 

Luteal Phase Support ? 

GH ? 

 

 



DHEA increases FSH activity at 
granulosa cells during preantral and 
antral period by binding androgen 
receptors. 

Gleicher, Reproductive Biology and Endocrinology, 2011 



 Meta-analysis/ 3 RCT  

 4-10 weeks 75mg/day DHEA 

DHEA and control group; 
 

Spontanous 

 

Microdose flare up FSH 300–450  +  hMG 150  

 

Long GnRH protocol rFSH450+rLH150 

 

Microdose agonist flare  FSH 300-450 + hMG 150 
 

Narkwichean A, Rep Bio & Endocrinol, 2013 



 

200 cycle;  

DHEA no significant advantage!   

Narkwichean A, Rep Bio & Endocrinol, 2013 



 Synthetic progesterone is (oral dydrogesterone )  more 

benefical than micronised progesterone.  

 

 Estrogene and hCG do not effect outcomes.  

 

 Route  of progesterone administration does not change 

the results. 

 

Van der Linden M, Cochrane, 2012 



 

Van der Linden M, Cochrane, 2012 

 GnRHa for luteal phase support, positively effects the 

outcomes. 



Growth hormone 

 Insulin like growth factor-1  

 FSH effect 

 Oocyte maturation 

 

 Embryo quality and implantation rates 

Kucuk T, J Assist Reprod Genet ,2008 

Bachelot A, Endocrinology, 2002 

 

Mendoza C,Human Reprod,2002  

Mendoza C,Human Reprod,1999 



 Meta-analysis; 

For Poor responders;  

GH addition increases clinical pregnancy and live birth 

rates! 

Kolibianakis, Hum Rep, 2009 



Growth Hormone (GH) ? 

 Growth hormone ;  

 GH- Poor responder ; positive effects 

 

                                                     Kyrou D, Fertil Steril 2009 

 GH- Normo responder ; not effective! 

  

                                                                                    Duffy JMN et al. Cochrane Rev 

 



 

 

 

 

 

 

Not effective within antagonist protocol! 

Eftekhar M, Arch Gynecol Obstet, 2013 



Progesterone  

Estradiol 



 Meta-analysis/ 6 RCT 

 Late follicular phase P levels are low? 

 

 Age of <39 , IVF cycle (n=1866) 

 rFSH +GnRH ant protocol 

 P : 1.5ng/ml 

Griesinger G, Fertil Steril, 2013 



 On day hCG P >1.5ng/ml 

 
157/1866 (%8.4) 
 

POOR RESPONSE (1-5 oosit) 
 

 %4.5 

HİGH RESPONSE(>18 oosit) 
 
 

%19 

Griesinger G, Fertil Steril, 2013 



 



 



 

 POOR and NORMO responder  patients  

High P levels are assosiated with low pregnancy 
rates 

 

 HIGH responder patients High P levels are not 
associated with pregnancy rates. 

 
Griesinger G, Fertil Steril, 2013 



n= 1712  IVF cycle 

 

 Retrospective /age ;21-45 / 

 GnRH agonist protocol 

 GnRH antagonist protocol or ‘microdose flare’ 

 

 Estradiol levels ; 

On hCG day (early in the morning) 

Post-hCG (after 10-12 h) 
 

 

Kondapalli , Hum Rep, 2012 



E2 levels; 

 

 Group A: 1065 >10%  

 Group B: 525 plato 

 Group C: 122 >10%  

 

Kondapalli , Hum Rep, 2012 



 

Kondapalli , Hum Rep, 2012 



Estradiol;  
 >%10 decrease                   Clinical pregnancy&   

     live birth%40-50 

 

 Plato (± %10)                     Clinical pregnancy&   
     live birth >25%. 

Kondapalli , Hum Rep, 2012 



Protocol shift 

Mild stimulation 

Antagonist protocol 

Microdose protocol 

Oocyte pooling? 

IVF? ICSI? 



 Suggested gonadotropine dose 300 IU/day 

 >300 IU doses are not effective  

 

 

 Why? 

FSH rec. gen polymorphism ? 

Ser/Ser allel variants are  gonadotropin insensitive 

 

Centre for Clinical Effectiveness 

Cohrane Database 2000 

Cai J, Fertil Steril 2007 



 rFSH  or hMG have same outcomes for 

IVF/ICSI cycles. 

 

 

 There is insufficient data for addition of LH to 

ART outcomes. 

Al-Inany H,  Gynecol Endocrinol 2005 

Loutradis, Curr Op Obstet Gynecol, 2008 



 PRINT trial (n=111) poor responder  (RCT) 

 

 (1) the GnRH agonist long protocol  

 (2) the GnRH agonist short protocol  

 (3) the GnRH antagonist protocol  

 

Sunkara SK Fertil Steril 2014 



Sunkara SK Fertil Steril 2014 

GnRH agonist long protocol  



 

Sunkara SK Fertil Steril 2014 

 GnRH agonist short protocol  



 

Sunkara SK Fertil Steril 2014 

GnRH antagonist protocol  



 Oocyte number 

Long agonist = Antagonist >Short agonist 

 Gonadotropine dose 

Long agonist > Short agonist & Antagonist 

 Ongoing pregnancy 

Short and Long agonist  - %8.1 Antagonist - %16.2 

 

Long agonist and antagonist protocols are 

more efficient 
Sunkara SK Fertil Steril 2014 



 

Eftekhar M, Int J Fertil Steril 2013 



 

Zarek Fertil Steril 2011 



 

Zarek Fertil Steril 2011 



 N=724 poor responder 

 <5 oocytes 

 D3 FSH >11 IU/ml  

 AFC <6  

 AMH < 0.7ng/ml 

 

Group I:  ‘low response, accumulation of oocytes 
and vitrification’  n=242  Group II: low response, 
fresh oocytes n=482 

 Cobo A, Rep BioMed Online, 2012 



 OCs 15-21 day 

 Flexible antagonist protocol 

 

 

 Fertilisation rates same 

 Cycle cancellation 4x in Low Response-fresh 
group 

Cobo A, Rep BioMed Online, 2012 



 

Cumulative pregnancy rates are higher with 

oocyte pooling  

Cobo A, Rep BioMed Online, 2012 



 IVF or  ICSI? 

• ICSI indications; 

 Male factor 

 Conventional IVF failure, 

 Surgically achieved spermatozoa  

 Before PGD   

 

            Borini A,Reprod Biomed Online, 2009; Griffiths TA, Hum reprod,2000 

  





PGD 

CGH 

Time-lapse embryoscopy 

Metabolomics 

 



 



Embryo Quality 



 Implantation failure             aneuploidi 

 

 ‘Comprehensive chromosome screening’ 
(CCS) tecniques 

 single nucleotide polymorphism (SNP) array 

 quick polymerase chain reaction analysis,  

 comparative genomic hybridization (CGH) 
array  

 

. 



 

Hens K, Hum Rerod Update,2013 



 Blastocyst transfer: 

 

 First clivage time, 

 Time between 2. stage to 3. stage ,  

 Time between ICSI to 5 cells 

Meseguer MHuman Reprod 2011;  

Hashimoto S, Fertil Steril 2012;  

Wong CC, Nat Biotechnol 2010;  



 Preimplantation Genetic Diagnosis(PGD)  

Preimplantation Genetic Screening (PGS)  

 PGD; 

      For patients who may have a genetic defect   

       PGS; 

      For evaluation embryos in terms of chromosomes 

      Harper, Segupta, 2012 

                                                                                          Kahraman, 2011 

 



Embryo Selection 

PGD 

 Implantation rate 5X, 

      Pregnancy rate 2x      

 

 Translocation (+); 

  Abortion rate 6x   

  Pregnancy rate 7x   
     

                                                         Verlinsky Y, Preimplantation Genetic Diagnosis, 2006  

     Gianaroli L, Reprod BioMed Online,2004 

 

 



 CGH array 

 polar body  

 Blastocyst trophoectoderm cells 

 

 Less mozaisism   

 Less harm to the embryo 

Santos MA, Hum Reprod 2010 

Forman EJ, Semin Reprod Med 2012 



 CGH increases pregnancy rates. 

 

 

 Prospective RCT – Ongoing pregnancy  rate 

(%69 vs %42) (P=0.009)  

Forman EJ, Hum Reprod 2012 

Yang Z, Mol Cytogenet 2012 

Yang Z, Mol Cytogenet 2012 



 Morphological properties 

 Non-invasive 

 Analysis  of ‘snapshot ‘ images 

 

 Time-lapse images of embryonic development. 

 

 Higher implantation rates with embryoes selected by 

embryoscope 



Metabolomics 
  

 Metabolomic characteristics are different in implanted and non 
implanted groups  

                   Sakkas D,Current Opin Obstet Gyn,2005; Botros L, Mol Hum Reprod,2008 

 

 Embryo viability indexes, Raman and NIR are high due to 
spectroscopic analysis. 

     

                                                        Botros L, Sakkas D, Seli E, Mol Hum Reprod, 2008 



Yellow: viability index< 0.3   

Red: Viability index > 0.3 

Blue:implantation rates for 

different morphological grades 



Transcriptomics 

 

Transcriptomic analysis              Genetic expression analysis 

 

-Cellular development 

-Biological problems 

-Embryonal viability 

-Harmful peripheral factors 

-Morphological anomalies 



 For embryonal viability        Cumulus cell gen express. 

 

 Time-lapse molecular analysis. 

 

 Sperm count < 5 million            CGH %72 anomaly 

 Sperm count > 5 million            CGH %53 anomaly 



 PIF         Preimplantation genetic factor 

 

 From endometrial stromal cells 

 At first trimestr from extravillous cytotrophoblasts 

 To determine placental complications 

 To define embryo development 

 



 CCS         Comprehensive Chromosomal Screening 

 

 qpcR based CCS analysis 

 %97,6 - %98,6 positive 

 

 qpcR is more accurate than a CGH and  

     can define genomic imprinting defects 



 How to diagnose sperm dysfunction? 

- Calcium activation 

- Catsper activation 

- Proteomics (Sperm fertility array) 

- Swim-up gradient 

- IMSI, ICSI, PICSI,  

- Birefrigence 

- PLA2,ABCA, CD84, CMKLR1,  

- MAC’S (Magnetic cell sorting) 



 ERA (Endometrial Receptivity Array) 

 

 This molecular test allows to diagnose endometrium is 

receptive or not by analysing the expression 238 genes 

related to endometrial receptivity.  

 

 Endometrial biopsy must be performed at P+5 

(hormone replacement therapy cycle) or at LH+7 

(natural cycle) 



 ERA (Endometrial Receptivity Array) 

 

 Biopsy of the uterine fundus with a PipeIle catheter or similar. About 30 mg or 
3 mm tissue is enough.  

 

 If the result of first ERA test is non receptive this means that the window of 
implantation may be displaced, it is necessary to validate this displacement 
with a second ERA test.  

 

 This second analysis will lead to the day in which the endometrium shows a 
receptive status, and therefore the thawing of eggs or embryos and their 
transfer must be scheduled to coincide with the day in which the receptive 
result has been obtained. 

 

 İn less of 1% of patients the first ERA test is non reseptive without a 
recommendation for a new implantation window which does not suggest a 
therapeutic solution. 
 
 



Time? 

Technique? 





Time for ET?  

 Blastocyct Transfer 

 Uterine and embryonic syncronisation  

 Uterine micro-environtment hyperstimulation 

 Uterine contraction 

 Embryo selection 

 Implantation rates                              

     Gardner DK,Fertil Steril,1996; 

                             Barnes FL,Theriogenology, 2000;  

            Fanchin R, Hum Reprod,Hum Reprod, 2001 



Embryo Transfer: Technique 

• ET : %85 implantation failure 

• %30 transfer technique 

   * Edwards RG. Hum Reprod 1995; 10: 60-6 

    ** Li et al. J Assist Reprod Genet 2005; 22: 3-8 

 



 Embryo Transfer 

  



  



Transfer Method 



Ultrasound guided embryo transfer 

 Clinical pregnancy rates increases  (OR:1.31, %95 CI 1.18-1.46)  

 Ongoing pregnancy rates increases (OR:1.38, %95 CI 1.16-1.64) 

 No difference at live birth rates (OR:1.14, %95CI 0.93-1.39) 

                                                   Brown J,Cochrane Database Syst Rev, 2010 

 



 The longer the ILDE 'interval loading-discharging embryos’ , 
the lower the pregnancy and implantation rates 



Triple-line pattern 

No-triple line pattern 

Homogeneous hyperechogenic pattern 

No-triple line pattern 

Iso-echoic endometrium  

Chen et al. Reproductive Biology and Endocrinology 2010, 8:30 

Endometrial pattern  



Kalmantis K .Arch Gynecol Obstet 2011 

Endometrial pattern  



 6 RCT 

    Clinical pregnancy 

    (RR: 1.86, 95% CI 1.46–2.38]  

 

 RIF (+) 

    (2 RCT and 2 nonrandomised study)  

     Clinical pregnancy 

    (RR 2.32, 95% CI 1.72–3.13). 

Nastri CO, Gynecol Endocrinol 2013 



 

El-Toukhy T, RBM Online,2012 Increased live-birth and 
ongoing pregnancy rate 



 

Embyo quality should 

 be questioned 

High Quality 
Low Quality 



 

 H/S 

 HSG (hydrosalpinx?) 

 Endometrial thickness 

 IMSI?   PGD?   CGH?  Embryoscope? 

 Endometrial Receptivity Assay (ERA) 

 Assisted Hatching  



 Reassesment 

 

 Shift to another  protocol 

 

 Look over laboratory 

 

 Defragmantation 

 

 Coculture 

 

 Oocyte-Embryo  pooling? 



     

    Thank you 
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