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Progressive increase in the use of FET relative to 
fresh IVF/ICSI cycles in Europe (EIM 2019 data)

Smeenk et al 2023 HR



Cryopreservation 
is a game changer 
in ART

• Oocyte freezing for social and medical reasons

• Supernumerary embryos

• PGT cycles

• Prevention of OHSS

• Elective single embryo transfer (eSET)

• High PRG – suboptimal endometrium

• Elective freeze-all



• Higher CPR embryo vitrification compared with slow-freezing, (RR = 1.89, 95% CI: 1.00–3.59; 
P = 0.051; three RCTs; I2 = 71.9%). 3 RCTs

• Higher LBR for embryo vitrification compared to slow-freezing (RR = 2.28; 95% CI: 1.17–4.44; P =  
0.016; 216 cycles; one RCT). 

• Better embryo cryosurvival with vitrification compared with slow-freezing (RR = 1.59, 95% CI: 
1.30–1.93; P < 0.001; I2 = 93%). 7 RCTs



Oocyte cryopreservation: vitrification vs slow

Higher ongoing pregnancy rate per cycle using 
vitrification RR = 2.81, 95% CI: 1.05–7.51; P = 0.039

Higher ongoing pregnancy rate per oocyte warmed 
using vitrification RR = 1.14, 95% CI: 1.02–1.28; P = 0.018

Rienzi et al 2017 HRU



Oocyte cryopreservation: vitrification vs slow

Better cryo-survival using vitrification (83.2%) vs slow freezing (66.1%)

Rienzi et al 2017 HRU



Techniques used in 
embryo cryopreservation

Vitrification vs 
slow freezing

Blastocyst collapse
Type of 

vitrification carrier 
(open or closed)

Loading volume
Post-thaw culture 
prior to transfer

Semi-automated 
vitrification

Composition of 
cryoprotectant 

solutions

Cleavage-stage vs 
blastocyst

Degree of 
blastocyst 
expansion

Assisted hatching 
post-thaw



Cochrane review in preparation 

Sfontouris IA, Makris A, Barbosa MWP, Storr A, Raine-Fenning N, 

Hart RJ, Venetis C, Martins WP. 

Techniques for human embryo cryopreservation 
Cochrane Database of Systematic Reviews, CD009589

In preparation

•37 RCTs 

•19 comparisons were identified in published RCTs



Slow freezing vs vitrification - Live birth

• Similar LBR with slow freezing vs vitrification
• No RCT reporting LBR to compare slow vs vitrification of blastocysts Sfontouris et al, Unpublished



Slow freezing vs vitrification - Miscarriage

• Similar miscarriage rate with slow freezing vs vitrification
Sfontouris et al, Unpublished



Open vs closed vitrification – Live birth

• Similar LBR with open and closed vitrification carriers
Sfontouris et al, Unpublished



Open vs closed vitrification - Miscarriage

• Similar miscarriage with open and closed vitrification carriers
Sfontouris et al, Unpublished



Artificial blastocyst shrinkage vs no intervention
Live birth

Clinical pregnancy

• Higher CPR but similar LBR with blastocyst shrinkage
Sfontouris et al, Unpublished



Artificial blastocyst shrinkage vs no intervention
Miscarriage

• Similar miscarriage with blastocyst shrinkage vs no intervention

Sfontouris et al, Unpublished



Laser vs mechanical blastocyst shrinkage
Clinical pregnancy

• Higher CPR using laser shrinkage vs mechanical
• Data on Live birth and miscarriage not reported in any RCT

Sfontouris et al, Unpublished



FET same day vs overnight culture – Live birth

• Higher LBR with overnight culture
Sfontouris et al, Unpublished



FET same day vs overnight culture – 
Miscarriage

• Similar miscarriage rate
Sfontouris et al, Unpublished



Pronuclear vs blastocyst vitrification
Live birth  

• Similar LBR

Sfontouris et al, Unpublished



Pronuclear vs blastocyst vitrification
Miscarriage

• Similar miscarriage rate

Sfontouris et al, Unpublished



Early vs expanded blastocyst vitrification
Live birth

• Similar LBR

Sfontouris et al, Unpublished



Early vs expanded blastocyst vitrification
Miscarriage

• Similar miscarriage

Sfontouris et al, Unpublished



Small vs large cryoprotectant loading volume
Live birth

• Similar LBR – approaching significance in favour of small volume

Sfontouris et al, Unpublished



Small vs large cryoprotectant loading volume
Miscarriage

• Similar miscarriage

Sfontouris et al, Unpublished



Manual vs semi-automated (Gavi) 
vitrification

Live birth

Clinical pregnancy

• Similar LBR
• Data on miscarriage not reported

Sfontouris et al, Unpublished



Slush N
2
 vs liquid N

2

Early pregnancy loss

Clinical pregnancy

• Similar LBR
• Data on LBR not reported

Sfontouris et al, Unpublished



Low O2 (5%) vs ultra-low O2 (2%) in post-thaw culture
Clinical pregnancy

• Similar CPR
• Data on LBR and miscarriage not reported

Sfontouris et al, Unpublished



Assisted hatching post-thaw – Live birth

No significant benefit of AH after warming



Assisted hatching post-thaw - Miscarriage

No difference in miscarriage rate



Quality of data

• Small number of RCTs for each technique

• High degree of heterogeneity between studies

• Low quality of data

• Still unsure whether there is a beneficial effect of any of these techniques

• Numerous observational and retrospective studies may suggest significant 
effects

•More well-designed RCTs are necessary

• Choice of techniques largely depends on laboratory set-up and personal 
preference



Summary of findings
Interventions Outcomes

Vitrification vs slow freezing Similar LBR and misc.
RCT using blastocysts not identified

Open vs closed vitrification Similar LBR and misc.

Artificial blastocyst shrinkage vs no 
intervention 

Similar LBR and misc.

Laser vs mechanical blastocyst 
shrinkage

Laser is better

Pronuclear vs cleavage vitrification Similar LBR and misc.

Early vs expanded blastocyst 
vitrification

Similar LBR and misc.

FET same day vs overnight culture Higher LBR with overnight culture. Similar misc.

Small vs large loading volume Trend for higher LBR (NS) with small volume. Similar 
misc.

Manual vs semi-automated vitrification Similar CPR and LBR

Slush N
2
 vs liquid N

2
Similar CPR and EPL

Low O2 (5%) vs ultra-low O2 (2%) Similar CPR

Assisted hatching vs no intervention Similar LBR and misc.



Ultra-fast freezing and warming

• Gallardo et al. (2019): 
simulated oocyte osmotic 
behaviour to cryoprotectant 
solution

• Equilibrium can be achieved in 
much shorter times (3—60 
sec) similarly to traditional 
exposure (9-15 min).

• Showing feasibility of 
ultra-fast vitrification



Oocyte ultra-fast freeze and warming

Martinez-Rodero et al 2025 RBMO



Blastocyst ultra-fast freeze and warming



Fast and furious blastocyst rehydration

• Similar survival rate, similar CPR

• Higher ongoing pregnancy using fast warming vs multi-step warming

• Lower miscarriage rate using fast warming

• Shorter time using fast warming



Ultra-fast vitrification and warming of 
oocytes

• Studies using in-vitro matured MI/GV oocytes

• >95% survival with ultra-fast protocol (Liebermann 2024)

• Higher survival with ultra-fast (98%) compared to standard protocol (83.3%) (Wozniak 
2025)

• Benefit of reduced exposure to room temperature, and shorter time of procedure.



Universal embryo warming

• Possible to combine various kits for vitrification/warming
• Possible to perform the universal single-step warming (USSW) with any warming kit brand.
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New methods of vitrification
Ultra-fast and universal warming 

•Higher efficiency

• Flexibility 

•Time-saving

• Improved workflow in the lab

•Proof of concept successful

•Time to move to prospective clinical studies



Thank you!


