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Traditional Vitrification

CPA-concentration 1.5M 3.0 – 5.0M

Volume 0.3 – 1.0 ml < 1µl

Cooling rate 0.3°C/min >2,500°C/min

Duration (required time) > 90min 10 to 15min

Seeding & controlled rate freezing YES NO

Could be completed by one person 

within minutes
NO YES

Minimize osmotic injuries/stress NO YES

Ice crystallization YES NO

Procedure COMPLEX SIMPLE & FLEXIBLE

Equipment YES (FREEZER) NO

Running cost EXPENSIVE INEXPENSIVE
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Size or rather the mass is a decisive factor

Shape of the cell
(i.e. sphere shape slows down formation of an equal distribution of any substance)

Cell number

Osmotic shock at equilibration

Cell membrane damage
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Variable
Slow-freezing literature 

1996-2005
Vitrification literature  

2003-2005

Age, mean 33.7 32.3

Fertilization rate 64.9 (2,478/3,818) 74.2 (637/859)

Clinical pregnancies per thawed 
oocyte

2.3 x10-2 (153/6720) 4.5 x10-2 (61/1354)

Clinical pregnancies per injected 
oocytes

4.0 x10-2 (153/3818) 7.2 x10-2 (61/859)

Clinical pregnancies per transfer 20.6 (153/742) 45.5 (61/134)

Implantation rate 10.1 (185/1828) 17.2 (81/473)



Cryopreservation 

method

No. of thawed 

cycles

No. of oocytes

thawed/warmed
Survival rate (%)

Slow freezing 1,683 1,275 75

Vitrification 948 899 95

Spindle recovery is faster after vitrification 

than slow freezing.

Spindle recovery is faster after vitrification 

Survival rate (%)







Cryopreservatio

n protocol

No. of 

oocytes

No. of 

surviving 

(%)

Fertilization 

rate (%)

Cleavage 

rate (%)

High quality 

embryos on Day 

3 (%) Grad 1 & 2 

Blastocyst

development 

(%)

Abnormal 

meiotic spindle 

& chromosome 

configuration 

(%)

Slow freezing + 

0.3mol/l sucrose
123 75 (61.0) 46 (61.3) 25 (54.4) 6/25 (24.0) 3/25 (12.0) 25/64 (39.1)

Vitrification Kit 

from MediCult

Cryoleaf method 

(7.5% EG / PROH) 

+ 15% + 0.5mol/l 

sucrose

292 268 (91.8) 182 (67.9) 142 (78.0) 60/142 (42.3) 47/60 (33.1)
11/62 (17.7)

Control: 3/18 

(16.7)

P Value <0.01 NS <0.01 <0.01 <0.05



Vitrification 
method

EM gold grid

# of 
warming 

cycles

# of 
oocytes 
warmed

Survival  
(%)

Fertilization 
(%)

Clin. pregnancy/ 
warming cycle (%) 

Implantation 
(%)

1.5M EG/5.5M 
EG+1M Suc

20 395
320 

(81.0)
208/285 

(72.3)
16/20 (80.0)

24

(45.3)

IR per 
warmed/injected  
oocytes

6.4/9.1

Live-birth per 
warmed/injected 
oocytes

5.1/7.2



Vitrification 
method

Cryotop

Total # of oocytes 

# of sibling vitrified/warmed 
oocytes

Survival  
(%)

FR (%) per 
warmed 
oocyte

# of ET 
(%)

cPR/cycle 
(%) 

IR (%)

7.5% EG/DMSO 
& 15% 
EG/DMSO+1M 
Suc

244

124

120/124 
(96.8)

95/124 
(76.6)

39/40

(97.5)

15/40 
(37.5)

19/93

(20.4)

Fresh sibling 
oocytes

120 -
100/120 

(83.3)

54/124 
(43.5%)

69/318 
(21.7%)

Excellent quality embryos on 
day 2 (fresh vs vitrified)

52.0 vs 51.6%

-



Summary of clinical results for vitrified/warmed zygotes

No. of warmed zygotes 339

No. of survived zygotes (%) 302 (89%)

No. of cleaved embryos (%) 243 (80.5%)

No. of patients who underwent ET (%) 103 

No. of transferred embryos 2.3

No. of pregnancies (%ET) 38/103 (36.9%)

No. of clinical pregnancies (%ET) 29/103 (28.2%)

Implantation rate (%) 38/243 (15.6%)

No. of patients who underwent ET (%)



Vitrification 
method

“Vitrisafe” (closed 
system)

Total # of zygotes 

# of sibling 
vitrified/warmed 

zygotes

Survival  
(%)

1) Developmental 
potential up to the 

blastocyst stage

2) Top quality 
blastocysts

# of ET (%)
cPR/ET 

(%) 
IR (%)

5% EG/DMSO 10% 
EG/DMSO 20% 
EG/DMSO + 0.5M 
Suc

348

184

176/184 
(96.0)

1) 27% vitrified vs. 21% 
control

2) 14% vitrified vs. 18% 
control

53 
vitrified/warming 
cycle

542
521/542
(96.0%)

1) 175/521 (34.0%)

2) 83/175 (47.0%)

N=30 with at 
least one top 
blastocysts

17/30 
(57.0%)

18/53 
(34.0%)

No top quality 
blastocyst were 

present

5/20 
(25.0%)

6/40 
(15%)

N=30 with at 
least one top 
blastocysts

17/30 
(57.0%)

No top quality 
blastocyst were 

present

5/20 
(25.0%)



Vitrification protocol

Morphological survival after thawing (%)

Cleavage embryos Blastocysts (Day 5/6)

“Open system” (Cryotop) with 
DMSO/EG/sucrose

76 86.4

“Closed system” (Cryotip) with 
DMSO/EG/sucrose

76.9 74.1

“Closed system” (CBC-Vit) with 
DMSO/EG/sucrose 

79.3 90.9

“Closed system” (CBC-Vit) with 1,2-
PG/EG/sucrose

60 26.9

P Value <0.005



Cryopreservation protocol

Survival of 

Cleavage Stage 

Embryos (n=265)

Transfer 

performed of 

initial cycles 

(%)

PR per 

Transfer %)

PR per 

initiated cycle 

(%)

Slow freezing  (1.5M 1,2-

propanediol + 0.1M Sucrose 

CBS Straws

56/81 (69.1%) 27/55 (45.5%)
4/27  

(14.8%)
4/55 (7.3%)

Vit Kit w/ DMSO (Irvine) 

Carrier (HSV)
89/93 (97.8%) 61/72 (84.7%)

13/61 

(21.3%)
13/72 (18.0%)

Vit Kit w/o DMSO (Vitrolife) 

Carrier (HSV)
89/91 (97.8%) 51/62 (82.2%)

9/51 

(17.6%)
9/62 (14.5%)

Cryopreservation protocol



Neonatal outcome after vitrified day 3 embryo transfer:

A preliminary study.

No. of warmed embryos 907

No. of survived zygotes (%) 817 (90.7%)

Clinical pregnancy rate (%) 36.8%

Implantation rate (%) 18.1% 

Miscarriage rate (%) 7.7%

Live birth rate (%) 24.2%

Congenital birth defect rate (%) 1.18%



Clinical pregnancy and live births after transfer of embryos vitrified on day 3

Age (yrs) Less than 38 38-42

No. of ETs 200 70

Clinical pregnancy rate (%) 45% 29%

Implantation rate (%) 24% 13%

No. of deliveries 66

18.2%

13.6%

Twin rate (%)

Preterm  (%)

Total no. of infants born

78  (these data attest to the efficacy and safety of 

the vitrification technique of human embryos at the 

6- to 8-cell stage.

78  (these data attest to the efficacy and safety of 

the vitrification technique of human embryos at the 

6- to 8-cell stage.

78  (these data attest to the efficacy and safety of 

the vitrification technique of human embryos at the 

6- to 8-cell stage.
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Note on the vitrification solution:

Recent publications have shown that the use of relatively high

concentration of cryoprotectants such as 15% ethylene glycol (EG) used in

an equimolar mixture with dimethyl sulphoxide (DMSO) had no negative

effect on the perinatal outcome of blastocyst transfer using vitrification,

when compared to fresh blastocyst transfer.

Takahashi K, Mukaida T, Goto T, Oka C. Perinatal outcome of blastocyst

transfer with vitrification using cryoloop: a 4-year follow-up study. Fertil

Steril 2005;84:88-92.

Liebermann J, and Tucker M. Comparison of vitrification and conventional

cryopreservation of day 5 and day 6 blastocysts during clinical application.

Fertil Steril 2006;86:20-26.

Liebermann J Vitrification of human blastocysts: An update. RBMOnline

2009

Note on the vitrification solution containing DMSO:

Kartberg et al., 2008 observed that DMSO-containing vitrification solution leads

to less chemical injury upon prolonged exposure compared with the DMSO-free

vitrification solution, possibly due to stabilizing the osmolarity in the cells and

better embryo membrane integrity. Kartberg A-J, Hamniliki F, Arvidsson T,

Stavreus-Evers A, Svalander P. Vitrification with DMSO protects embryo

membrane integrity better than solutions without DMSO. RBMOnline 2008; 17,

378-384.











Water movement

(Dehydration)

Partial permeation of 

CPA inside the cells

Partial permeation of 









Patient’s age (y) 34.6 s 5.2

No. of warmed cycles 666

No. of transfers 662

No. of blastocysts warmed 1275

No. of blastocysts survived  (%) 1245 (97.6)

No. of blastocysts transferred 1233

Mean no. of blastocysts transferred 1.9

No. of implantations  (%) 396 (32.1)

No. of positive pregnancies/VET (%) 342 (51.7)

No. of clinical pregnancies/VET (%) 303 (45.8)

Ongoing pregnancies/VET (%) 253 (38.2)

No. of Livebirths 156 (78 boys & 78 girls)



Day of Development Day 5 Day 6

Patient’s age (y) 34.5 s 5.6 34.7 s 4.8

No. of warmed cycles 324 342

No. of transfers 324 338

No. of blastocysts warmed 627 648

No. of blastocysts survived  (%) 614 (97.9) 631 (97.4)

No. of blastocysts transferred 609 648

Mean no. of blastocysts transferred 1.9 1.8

No. of implantations  (%) 223 (36.6)a 173 (26.7)a

No. of positive pregnancies/VET (%) 186 (57.4)b 156 (46.2)b

No. of clinical pregnancies/VET (%) 164 (50.6)c 139 (41.1)c

Ongoing pregnancies/VET (%) 138 (42.6)d 115 (34.0)d

No. of Livebirths 99 57

Day of Development Day 5 Day 6

Patient’s age (y) 34.5 s 5.6 34.7 s 4.8

No. of warmed cycles 324 342
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