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Cryopreservation of oocytes, embryos and blastocysts is an
essential component of modern ART

 Successful cryopreservation program:

1. allows to reduce the number of embryos transferred, thereby

           reducing  multiple  pregnancies  and  maximizing  cumulative

           pregnancy rates per oocyte retrieval

2. allows  delayed  embryo  transfer  during a natural  menstrual

           cycle reducing OHSS risks (cycle segmentation) 

3. allows to preserve female fertility for medical or social reason

Oocyte and embryo cryopreservation





Natural cycle   
spontaneous LH surge  (NC FET)   

HCG administration  (modified-NC FET) 

Artificial cycle
exogenous estradiol and progesterone (AC 
FET) 
with or without GnRH-agonist co-treatment  

The development of embryo and

    endometrium should be synchronized   



NC-FET

Pregnancy rates are closely dependent on timely identification

of ovulation and calculation of endometrial receptivity 

                                                               (Harper, 1992; Tabibzadeh 1998) 

LH monitoring in either blood or urine

Blood:  rise in serum LH          ovulation will occur 36-40  later

                                  (Andersen, 1995)  

Urine:  LH surge  lag  up to 20-21 h  behind the surge in blood
                                       (Hoff, 1983; Frydman, 1984; Miller and Soules, 1996)

Time synchronization of embryo transfer   



Time synchronization of embryo transfer   

NC-FET

Problems associated with detection of spontaneous LH surge:

a.  variation in time of its  occurence between cycles and

      between patients  (Park, 2007)

        b.  at least daily determination, better twice a day 

(Miller and Soules 1996)

c.  Large variation in thresholds of LH in urine kits and risk

      of up to 30% of false negative testing                                         

                                                           (Guermandi, 2001; O‘Connor, 2006) 



Time synchronization of embryo transfer   

Modified NC-FET

HCG triggering of ovulation to overcome LH monitoring:

a.  no LH monitoring

b.  2-3  ultrasound  evaluations of the dominant  follicle

c.  HCG administered when follicle is 17-18 mm

d.  final oocyte maturation and ovulation will take place

       36-38 h later                                              (Andersen, 1995) 



Time synchronization of embryo transfer   

NC-FET  vs  modified NC-FET

There are no published studies comparing patient 

preference or cost-efficiency with regard to the different 

methods of monitoring in NC-FET. A properly conducted 

cost-efficiency calculation, also including patient preference, 

should be performed as part of a future RCT.    

                          (Groenewoud et al, 2013)



Time synchronization of embryo transfer   

NC-FET and modified NC-FET

Thawing  and transfer of the embryo should be performed

3-5 days  after  ovulation  depending  on the  stage  of  the 

embryo when it was frozen                               
                                                     (Nawroth and Ludwig, 2005;  Paulson, 2011) 

NC-FET: risk of unexpected ovulation and difficulty in 

planning  thawing  and  transfer  of  the  embryo        

                          cycle cancellation                             
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Time synchronization of embryo transfer   

Modified NC-FET

NC-FET
Progesterone supplementation (?)



Modified NC and NC-FET: luteal phase supplementation?   
No luteal support
                                



Modified NC and NC-FET: luteal phase supplementation?   
Luteal support
                          



Luteal support
                          

Modified NC and NC-FET: luteal phase supplementation?   



Modified NC and NC-FET: luteal phase supplementation?   

Luteal support 
(retrospective study)



Modified NC and NC-FET: luteal phase supplementation?   

Luteal support 
(retrospective study)

NC-FET + luteal support   vs  modified NC no luteal support   vs  Artificial Cycle



Modified NC and NC-FET: luteal phase supplementation?   

“Based on the conflicting results of the previously  mentioned 

studies we

   conclude that currently there is too little evidence supporting a 

positive

   effect of luteal phase support in patients undergoing NC-FET”



Time synchronization of embryo transfer   

Artificial cycle (AC-FET)

Estrogen (E2) and progesterone (P) in sequential regimen:

a.  E2 causes  endometrial  proliferation  and suppression of

      the development of the dominant follicle

b.  when endometrial thickness is 7-9 mm on US, P is added

      to initiate secretory changes        (Dor, 1991; El-Toukhy, 2008) 

c.  embryo thawing and transfer is planned according to the

      moment of P supplementation    (Dor, 1991; Jaroudi 1991)



Time synchronization of embryo transfer   

AC-FET with GnRH-FET

E2 and P in sequential regimen after GnRH-a desensitization

a.  E2 administration does not guaratee complete pituitary

      suppression and dominant follicle may occur

GnRH-agonist  co-treatment

b.  should spontaneous  ovulation occur, the endometrium

      is maybe exposed to P earlier            incorrect timing of

      thawing and transferring
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Time synchronization of embryo transfer   

AC-FET with GnRH-FET
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Time synchronization of embryo transfer   

AC-FET with or without GnRH-FET vs NC-FET

Cons
-  medication needed             less “physiological”

Pros
-  cycles easier to plan making it popular among many doctors

        - patients with anovulatory cycles

Is any one of these approaches superior to another

?









NC-FET vs modified NC-FET

1965 cycles



NC-FET vs modified NC-FET: luteal phase support



NC-FET vs modified NC-FET: luteal phase support



NC-FET vs AC-FET

8152 cycles



NC-FET vs AC-FET: true NC or modified NC



NC-FET vs AC-FET: true NC or modified NC



NC-FET vs AC-FET: NC-luteal support or no support



NC-FET vs AC-FET with GnRH agonist

2789 cycles



AC-FET vs AC-FET with GnRH agonist

631 cycles
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HCG
5000 IU

(OPU) Day3
ET

Day5
ET

Progesterone supplementation
200 mg  micronized P twice daily vaginally

1° US 2° US 3° US

  17-18 mm
(P <1 ng/ml)

LH 
P(  )

FET cycles: endometrial preparation GENERA 
2009-2012

beta
HCG

N. of FET cycles (total) 1422

N. Oocyte warming cycles (%) 503 (35)

N. Embryo warming cycles (%) 919 (65)

N. Modified NC (%) 1381 (97)

N. Artificial Cycles (AC) (%) 41 (3)



Oocyte Warmed 
Cycle

Embryo Warmed 
Cycle

N of cycles 503 919

N of patients 373 715

Female Age (mean±SD) 36.4±4.1 36.9±3.8

Warmed Oocytes/Embryos 2064 1746

Survival rate (%) 1828/2064 (88.5) 1696/1746 (97.1)

N of ET (%) 437/503 (86.8) 900/919 (97.9)

Transferred embryo (mean±SD) 2,10±0,8 1.86±0.9

Clinical PR per Cycle (%) 131/503  (26.0) 267/919 (29.0)

Clinical PR per ET (%) 131/437 (29.9) 267/900 (29.7)

Implantation Rate 142/919 (15.4) 280/1680 (16.6)

Delivery Rate per warmed cycle 
(%) 106/503 (21.0) 231/919 (25.1)

Delivery Rate per Embryo transfer 
(%) 106/437 (24,2) 231/900  (25,6)

Warmed cycles clinical outcomes: GENERA 2009-2012 (up 
to 42 y)
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