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Embryo vitrification and transfer 
in the natural cycle: 

redefining routine practice in IVF

Borut Kovačič

Dept. of Reproductive Medicine and Gynecologic Endocrinology,
University Clinical Centre Maribor, Slovenia

ESHRE guidelines for good practice in IVF 
laboratories:

Techniques and facilities for cryopreservation of gametes, 
zygotes and embryos should be available in each IVF centre.

Aims (Why to freeze?):

St i th b f IVF• Storing the spare embryos from IVF.

• Delaying ET in cases of OHSS w/o sacrificing the stimulated cycle.

• Cryo- quarantine enables a safe gamete donation programme.

• Storing gametes or embros for fertility preservation in patients 
with cancer or risk of early menopause.

Not optimal laboratory 
or cryoprogramme

Double or multiple embrotransfer

Good laboratory 
and cryoprogramme

Single embrotransfer
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Different routine practices in IVF:

• How many to transfer, how many to freeze?
• Which to transfer, which to freeze? Selection !
• When to transfer, when to freeze? Selection !
• How to freeze?

DAY 2

EMBRYOS FOR TRANSFER SURPLUS EMBRYOS

PROH

CRYOPROTECTANTS

SLOW 
FREEZING

VITRIFICATION

1.5 M 6 M

DAY 2

DAY 3

DAY 5

ARRESTED EMBRYOS

PROH or 
DMSO

Glycerol

-/+
SUCROSE 

or 
SAHAROSE

Ethylene 
glycol (EG)
or DMSO

- 6oC

- 35oC

+20oC
Temp. Seeding

-0.3oC/min.

Slow cooling by using computer controlled freezing device

PRINCIPLE OF SLOW FREEZING

-150oC

- 196oC
Time130 min

T medium = - 70C   osmolarity

T seeding baton = - 1960C   induced crystalization

DEHYDRATION

TEMP.

T medium = - 70C   osmolarity

T medium = - 300C osmolarity 

DEHYDRATION

-1960C
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PRINCIPLE OF VITRIFICATION

+20oC
Temp.

• High conc. of cryoprotectant
• Rapid cooling / warming

- 196oC
Time

TEMP.

LIQUID MEDIUM

PRINCIPLE OF VITRIFICATION

-1960C

VITRIFIED MEDIUM
(NO ICE CRYSTALS)

Advantages of vitrification

• Avoids the growth of extra and intracellular ice cristals by 
solidification of surrounding medium.

• Does not require expensive equipment.
• Uses small amount of LN2.
• Reduces embryo exposuring out of incubator. 
• Maintais the physiological temperature during equilibration.

All th i l ti ith th b f i l ti t• Allows the manipulation with the embryos of single patient.
• Is not time consuming. (?)
• Is more effective.

But
• Only few comparative studies on the effectiveness of 

different commercial vitrification solutions and straws (Guns et al., 
2008; Hum Rep, O-134)
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Our approaches:
• From 2000 – 2003: all blastocyst cycles, also in natural cycles and poor 

responders (Vlaisavljević et al., 2001; Kovačič et al., 2002).
Transfer of mostly 2 blastocysts. 
Slow blastocyst freezing.

• From 2004: individual approach: 
Day 3 or day 5 transfer of 1 or 2 embryos or blastocysts. 
Slow blastocyst freezing.

• From 2008: obligatory: 
eSET of top quality embryo in patients aged <36 in 1.and 2. IVF cycle. 
Vitrification of blastocysts.
Procedure was previously tested by mouse blastocysts.

– Counsel on day 3 of embryo culture (gynecologist, embryologist, patients).
– Consideration:

• Insurrance conditions.
• Risk of OHSS.
• Infertility treatment history.
• Embryo morphology and developmental stage.
• Patients decision.

B1

B2

B3

B4

B5

TRANSFER AND FREEZING POLICY:
• Selection of blastocysts by hierarchy.
• Freezing of all surplus blastocysts scored from B1-B6.
• B7, B8 are frozen in rare cases only.
• Transfer or freezing on day 5 (on day 6 very rare).

B6

B7

B8

BLASTOCYSTS FOR FREEZING

Scoring of day 5 morulae and blastocysts 
(Kovačič et al., 2004; RBMOnline)

Methods:
• Slow blastocyst freezing from 2000-2007:

– Menezo’s protocol (Menezo et al., 1992).
– Medicult study media and Vitrolife Blast-Freeze /Thaw Kit.
– Transfer 1.5 frozen/thawed blastocysts (> 50% of intact cells).

• Vitrification from 2008:
– Medicult and Irvine Scientific vitrification media (Kuwayama and Kato 

2000).
– Transfer 1.5 devitrified blastocysts  (>50% of intact cells).

• Transfer in natural cycles in ovulatory patients (urine LH test), or in 
artificial cycles (estradiol valerate (Estrofem) and progesterone 
(Utrogestan)) in anovulatory patients.

• Ultrasound measurement of endometrial thickness from day 10. 
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Survival of different morphologic types of day 5 embryos 
slow freezing (n=529 morulae, blastocysts)
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RESULTS: Survival rate of blastocysts after slow freezing or vitrification
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Implantation of different morphologic types of day 5 embryos 
slow freezing (n=529 morulae, blastocysts)
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RESULTS: Implantation rate of blastocysts after slow freezing or vitrification
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At least 1 optimal 
blastocyst (n=317)

Only nonoptimal 
blastocysts (n=350)

Survival rate (%) 77.3 65.6
Transfers (%) 100 91.3
Transferred blastocysts 1.6 ± 0.5 1.3 ± 0.7
Positive beta hCG (%) 33.3 22
Ongoing pregnancy (%) 19.7* 12.7

RESULTS: 

Retrospective analysis of nonselective blastocyst slow freezing (n=667 cycles)

At least 1 optimal 
blastocyst thawed 

(n=43)

Only nonoptimal 
blastocysts thawed 

(n=81)
Survival rate (%) 80 78.2
Transfers (%) 96 94.2
Transferred blastocysts 1.5 ± 0.6 1.4 ± 0.7
Positive beta hCG (%) 44.4 23.4
Ongoing pregnancy (%) 33.3** 18.8

Nonselective blastocyst vitrification (n=124 cycles)

Statistical significance: * * P<0.01
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Cycles (from 2008)
n=445

Positive OPU
n=445

Fertilisation
n=426 (96%)

TFF
n=16 (3.6%)

OHSS
n=16 (1.9%)

RESULTS: Patients which should have eSET and vitrification:

Slovene Health Insurance requirement for eSET in:

• Women age:             <36;
• Cycle number:     1. or 2.;

Transfer
n=408 (95%)

Early stage transfer
n=84 (20.6%)

Blastocyst transfer
n=324 (79.4%)

e SBT
n=180 (56%)

+ VITRIFICATION

e DBT
n=144 (44%)

+ VITRIFICATION

n 16 (1.9%)

Blast failure
n=16 (3.1%)

• Embryo quality:  top quality;

eSBT eDBT

No. of cycles 180 144
No. of cycles with vitrified blastocysts 147 (81.7) 79 (54.8)

RESULTS: 

Pregnancy rates and cumulative pregnancy rates after elective  single  
blastocyst transfers (eSBT) and double blastocyst transfers (eDBT). 

Patients: age <36;  1. or 2. IVF attempt; day-5 transfer.

Ongoing pregnancies (%) 100 (55.6) 68 (47.2)
Singletons (%) 100 (100) 30 (44.1)
Twins (%) 0 38 (55.9)

* From the first year of vitrification programme.

Blastocyst devitrification cycles* 40 31
Ongoing pregnancies (%) 13 (32.5) 4 (12.9)

Cumulative pregnancy rate (%) 113 (62.8) 72 (50)

Cycles (from 2008)
n=445

Positive OPU
n=445

Fertilisation
n=426 (96%)

TFF
n=16 (3.6%)

OHSS
n=16 (1.9%)

Blast failure

RESULTS: Patients which should have eSET and vitrification:

Ong.preg.: 42.9%
Twins:       14.9%

Transfer
n=408 (95%)

Early stage transfer
n=84 (20.6%)

Blastocyst transfer
n=324 (79.4%)

e SBT
n=180 (56%)

+ VITRIFICATION

e DBT
n=144 (44%)

+ VITRIFICATION

n=16 (3.1%)

Ong.preg.: 30.6%
Twins:       10.5%

Ong.preg.: 55.6%
Twins:       0%

Ong.preg.: 47.2%
Twins:       55.9%
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ARTIFICIAL SHRINKAGE ?

Chen et al., 2005; Kader et al., in press; 
Son et al., 2003; Hiraoka et al., 2004; Zech et al., 2005; Mukaida et al., 2006

ASSISTED HATCHING ?

, ; , ; , ; ,

Zhu et al., 1996; Cervera et al., 2003; Hershlag et al., 2005; Kung et al., 2003

Conclusions

• Vitrification is a simple and successful method for 
cryopreservation of embryos and blastocysts.

• Vitrification of blastocysts results higher survival and 
implantation rates than slow freezing of blastocysts.

• Prolonged embryo culture and efficient cryopreservation 
( it ifi ti ) f l bl t t ff(vitrification) of surplus blastocysts offer:

– Good posibilities for elective single blastocyst transfer. 

– Easier decision for the cancellation of transfer in stimulated cycle 
because of side effects of gonadotrophins. 

Natural cycles Artificial cycles

No. of thawing cycles 249 80
No. of survived / thawed blastocysts 
(%)

397/590 (67.3) 139/212 (65.6)

No. of transfers (ET) 226 73

RESULTS: Transfers of slowly frozen / thawed blastocysts in natural and 
artificial cycles

Mean no. of transferred blastocysts 1.6 +/- 0.8 1.7 +/- 0.7
Positive beta hCG / thawing (%) 65/249 (26.1) 18/80 (22.5)

Clinical pregnancies / thawing (%) 52/249 (20.9) 10/80 (12.5)
Deliveries / thawing (%) 43/249 (17.3) b 7/80 (8.8)

Deliveries / transfer (%) 43/226 (19) b 7/73 (9.6)

Babies / thawed blastocyst (%) 49/590 (8.3) a 8/212 (3.8)

Babies / transferred blastocyst (%) 49/389 (12.6) b 8/134 (6)

Statistical significance: a P<0.05, b P<0.01


