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Oocyte, embryo and blastocyst cryopreservation in ART: systematic
review and meta-analysis comparing slow-freezing versus vitrification
to produce evidence for the development of global guidance

Rienzi et al., Rienzi et al., 2016 Hum Reprod Update.

A Medline search was performed from 1966 to 1 August. RCTs and cohort studies were
considered eligible if they reported cryosurvival rate, clinical pregnancy rate (CPR), live-birth
rate (LBR) or delivery rate for slow-frozen or vitrified human oocytes or embryos. A
meta-analysis was performed using a random effects model to calculate relative risk ratios
(RR) and 95% CI.

Fresh versus Vitrified oocytes

No evidence for a difference in ongoing CPR per randomized woman (RR =1.03, 95% ClI:
0.87-1.21; P =0.744, 300 women in each group), per cycle (RR=1.01, 95% Cl: 0.86-1.18;
P =0.934; 267 versus 259 cycles) and per oocyte utilized (RR=1.02, 95% Cl: 0.82-1.26;
P =0.873; 3286 versus 3185 oocytes) was reported in vitrified and fresh cycles, respectively.

Slow-freezing versus Vitrification of Oocytes

Vitrification was associated with increased ongoing CPR per cycle (RR=2.81, 95% CI:
1.05-7.51; P = 0.039; 48 and 30 cycles, respectively, per transfer (RR =1.81, 95% Cl 0.71-4.67;
P =0.214; 47 and 19 transfers) and per warmed/thawed oocyte (RR = 1.14, 95% Cl: 1.02-1.28;
P =0.018; 260 and 238 oocytes).


https://www.ncbi.nlm.nih.gov/pubmed/27827818
https://www.ncbi.nlm.nih.gov/pubmed/27827818

Mop@oAoyia kal KuttapookeAeTog wpipwyv MIl wapi
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Ultrastructure of immature and mature human oocytes after cryotop vitrification
Palmerini et al., 2014 J Reprod Dev. 60(6): 411-420

Ooplasmic pouch in mature human oocytes vitrified by the Cryotop method. An
“ooplasmic pouch” (*) in a Mllv oocyte, as seen by TEM. Note the presence of microvilli
(m) in the inner vesicular membrane and of several cortical granules (CG) around it. V =
vacuoles.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4284314/

Cytoskeletal analysis by Confocal Laser Scanning Microscopy, ultrastructure
assessment by Transmission Electron Microscopy and sister chromatid
exchange rate in vitrified and fresh human embryos

Chatzimeletiou et al., 2015 ESHRE, Lisbon

Electron transmission microscopic (TEM) sections of trophectoderm cells
from vitrified blastocysts showing a lipofuscin (arrow in A), autophagic
vacuoles (arrows in B), Mitochondria (M).




Cytoskeletal analysis by Confocal Laser Scanning Microscopy, ultrastructure
assessment by Transmission Electron Microscopy and sister chromatid
exchange rate in vitrified and fresh human embryos

Chatzimeletiou et al., 2015 ESHRE, Lisbon

T—

Electron transmission microscopic (TEM) sections of trophectoderm cells
from vitrified blastocysts showing Golgi complex (short arrow in C) residual
body (long arrow in C), Smooth Endoplasmic Reticulum (arrow head in C),
autophagic vacuoles (arrows in D), Mitochondria (M). Also note the microvilli
in D.




Cytoskeletal analysis by Confocal Laser Scanning Microscopy, ultrastructure
assessment by Transmission Electron Microscopy and sister chromatid
exchange rate in vitrified and fresh human embryos

Chatzimeletiou et al., 2015 ESHRE, Lisbon

Transmission electron microscopic sections (TEM) of trophecto-derm cells from a
fresh blastocyst show-ing A) mature mito-chondria with cister-nae (M), imature
mito-chondria, Golgi (G), Smooth & Rough en-doplasmic Reticulum, Lysosome (L)
and B) mature (M) & imature mitochondria and few autophagic vacuoles (arrows).
Also note the zona (ZP) and microvilli (MV).




TI aTTOKAAUTITEI N KUTTOPOOKEAETIKN AvAAUCN VIO TV
ao@AaAEla TwV NEBOOWYV Blowiag Kal uaAoTroinong;

Spindle and chromosome configuration analysis of
human biopsied vs unbiopsied embryos by confocal
laser scanning microscopy following vitrification
(Chatzimeletiou et al., 2019 Zygote 27(3):153-159 )



(Chatzimeletiou et al., 2019 Zygote 27(3):153-159)

40/48 (83.3%) vitrified biopsied blastocysts
survived o 3 post-warming

-.*Vl




46/50 (92%) vitrified unbiopsied blastocysts
survived post-warming

o £
J
a ‘ b
40/46 blastocysts had cells with mitotic spindles
Range:1-8 spindles per blastocyst

(Chatzimeletiou et al., 2019 Zygote 27(3):153-159 )



Spindle and chromosome configuration analysis of
human biopsied vs unbiopsied embryos by confocal
laser scanning microscopy following vitrification

(Chatzimeletiou et al., 2019 Zygote 27(3):153-159 )

Mean Cell No of No of Embryos | Total No | Normal Abnormal Spindles (%)
No+SE | Embryos with abnormal of Spindles
analysed Spindles (%) Spindles (%)
Day of analysis: 6 analysed
(24h post warming)
0 > 1 Abnormal Multi- Mono-
Shape polar polar
Unbiopsied/ Grade A | 197 £10.0 12 5 7 55 39(70.9) 13(23.6) 3(5.4) 0
Vitrified on DS | GradeB | 127+78 26 10 16 71 47 (66.2) 19(26.8) 3(4.2) 2(2.8)
Grade C 76 £ 6.6 2 0 2 6 0 6(100) 0 0
Total Unbiopsied 40 15(37.5) | 25(62.5) 132 86(65.2)* | 38(28.8) 7 6(4.5)% 2(1.5)8
Biopsied on D3/ | Grade A | 149+ 116 11 5 6 42 29(69.1) 10(23.8) 3(7.1) 0
Vitrified on DS | Grade B | 108 +4.9 22 7 15 75 45(60.0) 26(34.7) 3(4.0) 1(1.3)
Grade C 69+ 4.4 4 0 4 8 0 8(100) 0 0
Total Biopsied 37 12(32.4) | 25(67.6) 125 74(59.2)* | 44(35.2)F 6(4.8)% 1(0.8)§

(Blastocyst classification - Grade A: Top quality with well defined ICM and TE, Grade B: Medium quality,

Grade C: poor quality).

There was no significant difference in the incidence of normal and abnormal spindle chromosome

configurations between the vitrified unbiopsied and the vitrified biopsied embryos *11§ (p>0.05)




Spindle abnormalities in human biopsied and unbiopsied embryos following

vitrification on day 5 with the DMSO/EG or the DMSO free kit.

(Chatzimeletiou et al., 2019 Zygote 27(3):153-159 )

Survival Noof | TotalNo| Normal Abnormal Spindles (%)
rate Embryos of Spindles
analysed | Spindles (%)
Day of analysis: 6 with analysed
(24h post warming) spindles
Abnormal Moulti- Mono-
Shape polar polar
Unbiopsied/ DMSO/EG
Vitrified on DS 24/26 19 78 53 (67.9) 21 (26.9) 2(2.6) 2(2.6)
DMSO free
22/24 21 54 33(61.1) 17 (31.5) 4(7.4)
Total 46/50 40 132 86(65.2) 38(28.8) 6(4.5) 2(1.5)
Biopsied on D3/
Vitrifiedon DS | DMSO/EG | 21/25 19 72 32 (60.4) 19 (35.8) 1(1.9) 1(1.9)
DMSO free 19/23 18 53 42(58.3) 25(34.7) 5(6.9)
Total 40/48 37 125 74(59.2) 44(35.2) 6(4.8) 1(0.8)

There was no significant difference in the survival rates and the incidence of normal and abnormal
spindle chromosome configurations between the DMSO/EG and the DMSO free vitrified embryos
(p>0.05)



[1aTi TO UOAOTTOINUEVA EPPBPUA EXOUV UWnAOTEPQ
TTOOOOTA AVW W.OTIC ATOAKTOUG?




Confocal section of a human vitrified blastocyst showing an
anaphase spindle with chromosome bridging

Chatzimeletiou et al., 2012 Hum Reprod 27(1): 106- 113




BPABEIO APIZTEIAZ A.I.O

BpaBeio Apioteiag KAviko-gpyaoTnpiakou ‘Epyou ka1 E@apupoyng
Kaivotopwyv Mefddwv kal TeXvikwv otnv Emk.
KaBnyntpia Euppuoroyiac-IeveTikAG oTnv YTroonBouuevn Avatrapaywyry Tou
Tunuatog latpikAc TNG 2XoAN¢ EmoTtnuwyv Yyeiag tou AlG, yia Tnv TTPWTH
TTOYKOO HiWG KUTTOPOOKEAETIKN aVAAUCT avOpwITIVWV EuRpUWYV, HETA ATTO
KaTayuén, pE TN pnEBODO TNG UaAoTTOInONG.
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H peAétn emiBeBaiwoe Tnv ac@aAsia
TNG HEOOOOU TNG UaAoTTOIiNONG.



H uaAoTroinon apw
/

AeovalovTa EuBpua PETA TNV OAOKANPWON €VOC PPECKOU BEPATTEUTIKOU
KUKAOU €EWOWMATIKAG YOVIMOTTOINONG ME EUPBPUOUETaPOPa

 0¢ ONO TO €UPpPUO OTAV N Yyuvaika TTOPOUCIACEl CUVOPOUO UTTEPDIEYEPONG
woBnKwV Kai yia Tn OIKA TG acPAAEIa aTTOPEUYETAI N EMPBPUOPETAPOPA OTOV
PPECKO KUKAO

» 0€ OAa Ta €UBpua OTav To EVOOUNTPIO OEV Eival DEKTIKO

« o¢ TrAcovalovta EuPpua TTOU E£XOUV OIAYVWOTEI WC QUOIOAOYIKA HETA ATTO
Biowia Kal TTPOEPPUTEUTIKN diayvwon oT1o oTadIo TNS auldkwong (Huépa 3 peta
TN yoviyotroinon) Ka a@ou €xel OAOKANpwOei n euPpuopetagopd  1-2
(PUOIOAOYIKWV EURBPUWYV OTOV QPPECKO KUKAO, WOTE va eival dlaBEoiya oTo
Ceuydapl yia HEANOVTIKN EUPPUOUETAPOPA, EQOCOV TA XPEIAOTEI.
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» 0€ OAO TO EUPBpua PETA ATTO
Blowia Kal TTPOEPPUTEUTIKNA
dlayvwaon oTo oTAadIo TNG
BAaoTokuoTNG (Huépa 5)




Next generation sequencing (NGS) for preimplantation genetic
screening (PGS) improves pregnancy outcomes compared with
array comparative genomic hybridization in single thawed euploid
embryo transfer (STEET) cycles

Friedenthal Friedenthal et al (2018) Eertil Steril. 109(4):627-632

948 STEET cycles using NGS vs 368 STEET cycles using array-CGH

The implantation rate was significantly higher in the NGS group
compared with the aCGH group (71.6% vs. 64.6%). The OP/LBR
was also significantly higher in the NGS group (62% vs. 54.4%),
and there were significantly more biochemical pregnancies in the
aCGH group compared with the NGS group (15.1% vs. 8.7%).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Friedenthal%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29605407
https://www.ncbi.nlm.nih.gov/pubmed/29605407

340 PATIENTS DIAGNOSED WITH CANCE

97.4% e1mEAeCav UAAOTTOINON WAPIWV VS KATAWULN wWoBnKIKOU I0TOU

Breast Cancer (67%)
Non-Hodgkin Lymphoma (5%)
Hodgkin Lymphoma (11%)
Gastrointestinal Tumors (3.5%)

939 MII oocytes were vitrified (8.5 + 6.4 per patient)

Garcia-Velasco et al., 2013 Feril. Steril.



Is vitrification of oocytes useful for
fertility preservation for age-related
fertility decline and In

cancer patients?

Fertility and Sterility® Vol. 99, No. 6, May 2013

Ana Cobo, Ph.D.,2 Juan A. Garda-Velasco, M.D.,” Javier Domingo, M.D.,¢ José Remohi, M.D.,
and Antonio Pellicer, M.D.®

2 VI Valencia, Valencia; ® VI Madrid, Madrid; and € V| Las Palmas, Las Palmas, Spain

Clinical outcomes and live births reported in cancer patients who preserved fertility through oocyte cryopreservation (slow freezing and vitrification).

Yang et al., 2007 (158) Porcu et al., 2008 (159) Sanchez Serrano etal., 2009 (160)

Type of malignancy Hodgkin lymphoma Borderline ovarian tumor Breast cancer

Cryopreservation technique Slow freezing Slow freezing Combined OTC-SF + OV (Cryotop)
Age at FP, y 27 26 36

No. of cryopreserved oocytes 13 7 16

Storage time (y) 6 4 2

Twin or single pregnancy Single® Twin Twin

No. of live births 1 2 2

Weeks of gestation 37 38 34

Weight of baby, g 3,062 2,100 and 2,400 1,650and 1,830

Sex of baby Male Fernales Males
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Clinical outcomes and live births reported in cancer patients who preserved fertility through oocyte cryopreservation (slow freezing and vitrification).

P

Kim etal., 2011 (161) Garcia-Velasco, 2013 (120)

Type of malignancy Chronic myeloid leukemia Non-Hodgkin lymphoma
Cryopreservation technique Vitrification (EMG) Vitrification (Cryotop)

Age atFP, y

22 31

No. of cryopreserved oocytes 4
Storage time (y) 2

Twin or single pregnancy Single

Single

No. of live births 1

Weeks of gestation 39
Weight of baby, g

Sex of baby

Garcia-Velasco JA, Dominga ), Caba A, Martinez M, Carmana L, Pellicer A.
S-years experience employing aocyte vitrification to preserve fertility for
medical and  nonmedical  indications.  Fertil  Steril 2013 http:
fdx doi oraf1 0101 & fertrstert. 2013.02 050

Yang D, Brown SE, Nguyen K, Reddy V, Brubaker C, Wirslow KL. Live birth
after the transfer of human embryos developed from cryopreserved
oocytes harvested before cancer treatment. Fertil Steril 2007.87:
1469214,

Porcu E, Venturoli S, Damiano G, Ciotti PM, Notarangelo L, Paradisi R, etal.
Healthy twins delivered after ococyte cryopreservation and bilateral
ovariectomy for ovarian cancer. Reprod Biomed Online 2008;17:265-7.
Sanchez-Serrano M, Crespo J, Mirabet ¥, Cobo AC, Escriba M), Simon C,
et al. Twins born after transplantation of ovarian cortical tissue and cocyte
vitrification. Fertil Steril 2010;93:268.e11-3.
kim ME, Lee DR, Han IE, Kim %5, Les WS, Won HY, et al. Live birth with
vitrified-warmed oocytes of a chronic myeloid leukemia patient nine years
after allogenic bone marrow transplantation. J Assist Reprod Genet 2011;
28:1167-70.

Reviewed in Cobo et al., 2013 Fertil.Steril. 99: 6



PGD for hereditary breast and ovarian cancer:
o route to universal tests- Atand BRCA2
mutation carriers

Drusedau Drusedau et al., 2013 Eur J Hum Genet.
21(12):1361-8.

Preimplantation genetic diagnosis for BRCA1 exon
13 duplication mutation using linked polymorphic
markers resulting in a live birth

Jasper et al., 2008 Prenat Diagn. 28(4):292-8



http://www.ncbi.nlm.nih.gov/pubmed?term=Dr%C3%BCsedau%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23531862
http://www.ncbi.nlm.nih.gov/pubmed/23531862
http://www.ncbi.nlm.nih.gov/pubmed/18302307

Hereditary breast and
Wn observati suitability

of preimplantation genetic diagnosis for both
asymptomatic carriers and breast cancer survivors

70 couples - 145 PGD cycles

59.2 % female BRCA1/2 carriers, 14.3 % —'5Sreast cancer prior PGD.

720 embryos biopsied/analysed
294 (40.8 %) BRCA-negative

Derks-Smeets et al., 2014 Breast Cancer Res Treat. 145(3):673-81.



http://www.ncbi.nlm.nih.gov/pubmed/24748567

To XpoVvIKO d1aoTNUa TTOU UD
Wu éuBpua eivarto-£rmn.

Bion6ikoi TrpoBAnuUATICUOI TTPOKUTITOUV AV

To Ceuyapl €Xel TTETUXEI EYKUPMOOUVN Kal OeV BEAEI
ETTITTAEOV TTAIOIA

To Ceuyapl £xel XwpIioel
To €va a1ro Ta OUO ATOMA £XEI ATTORIWOEI

Xpnon YEVETIKOU UAIKOU aT1TO OUVTPO(PO TOU ATOUOU TTOU
aATTERIWOE
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["eveTIKN Alayvwon

Prof. Alan Handyside
Embryologist-Geneticist

Prof. Robert Winston
Obstetrician-Gynaecologist

Imperial College Medical School
University of London, Hammersmith Hospital
London, U.K

1990: 1% Pregnancy after Cleavage stage biopsy

Handyside et al (1990) Nature 19;344(6268):768-70

Indications

1. Aneuploidy

2. Single gene disorders

3. Chromosomal Translocations

4. X-linked Conditions

5. Late onset Diseases (BARCALI,2)
6. HLA-typing

(Savior Siblings)
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The clinical utility of PGD with HLA matching: a
collaborative multi-centre ESHRE study.

KakourouKakourou et al 2018 Hum Reprod.

704 HLA-PGD cycles. Mean maternal age 33.5 years.
9751 oocytes (13.9/cycle) 5532 embryos biopsied (7.9/cycle).

Of 4343 embryos diagnosed 677 were genetically suitable.

Of the 364 couples, 56.6% achieved an embryo transfer (ET) and 598
embryos were transferred in 382 cycles, leading to 164 HCG-positive
pregnancies (pregnancy rate/ET 41.3%, pregnancy rate/initiated cycle 23.3%)
and 136 babies born (live birth rate/ET 34.3%, live birth rate/initiated cycle
19.3%) to 113 couples.

HSCT was reported for 57 cases, of which 64.9% involved combined umbilical
cord-blood and bone marrow transplantation from the HLA-identical sibling
donor; 77.3% of transplants reported no complications.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kakourou%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29432583
https://www.ncbi.nlm.nih.gov/pubmed/29432583

Preimplantation Genetic Diagnosis with HLA- Matching
For Chronic Granulomatous Disease(Mutation c.674+4A>T in gene CYBB Chr. X

No embryo was HLA-Matched
and Normal or Carrier for CGD

K. Chatzimeletiou Biogenesis IVF Unit




Preimplantation Genetic Diagnosis with HLA- Matching
For Chronic Granulomatous Disease(Mutation c.674+4A>T in gene CYBB Chr. X

Vitrification of non- HLA-Matched
Normal and Carrier embryos

K. Chatzimeletiou Biogenesis IVF Unit



Preimplantation Genetic Diagnosis with HLA- Matching
For Chronic Granulomatous Disease(Mutation c.674+4A>T in gene CYBB Chr. X

2" [VF Cycle

14 embryos were biopsied
4 HLA-Matched, Normal
2 HLA-Matched, Carriers
5 Not HLA-Matched, Carriers

3 Not HLA-Matched, Affected

HLA-Matched
Female®
Normal
Embryo Transfer

4

Birth of a healthy baby girl

with subsequent

cord blood stem cells
transplantation and bone
marrow stem cells
transplantation

to her affected brother

K. Chatzimeletiou Biogenesis IVF Unit



Preimplantation Genetic Diagnosis with HLA- Matching
For Chronic Granulomatous Disease(Mutation c.674+4A>T in gene CYBB Chr. X

HLA-Matched
Female?
Normal
Embryo Transfer

Not HLA-Matched

Female?
Carrier

ot HLA-Matched
Male &
Affected

meletiou Biogenesis IVF Unit



LYMMNEPAZMATA e

O1 TeXVIKEG utToBOoNnBoUMEVNG avaATTOPAYWYNG Trapoucidalouv

ONMEPO OANATWON EEEAIKTIKN TTOPEIA, TTOU OONYEI OUHWGS
oTNV avAaduon VEWYV NBIKwV Kal VOUIKWY {NTNHATWY

2TOV TOMEQ TNG KPUOOUVTAPNONG YEVVNTIKOU UAIKOU

Aev TTapaATNENONKAV OTATIOTIKA ONUAVTIKEG OIAPOPES WC TTPOC
TO TTOOOOTO E€UPUTEUONG KAl EYKUPOOUVNG METAEU QPPECKWYV
KAl UGAOTTOINMEVWY WAPIWV Kal ERpUwV Kal Ta TTaidid TTou
EXOUV YEVVNOEI HETA ATTO KATAWUCN Eival uyIn.
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O1 onuavTikoTEPOI NBIKOI TTOBANUATIOUOI
H peTaTOTNION TOU XPOVOU ETTTEUENG E€yKUPooUvnNG OTav N
YUVAiKa KATaWuXEl Ta Wapia TNG Yia KOIVWVIKOUG AGyoug
10 €Tn N TTEPIOCOTEPQ???
H Oduvarotnta T1ou avoiyeralr PE TR OWPEA wapiwv aTIC
TPATTE(EC KPUOOUVTHPNONG Kal N ETTITEUEN EYKUMOOUVNG O€
TTPOXWPENMUEVN NAIKIO

lvdrj yuvaika atréktnoe 10 1° 1 TTaudi ota 70



2YMIEPAZMATA

O1 onuavTiKOTEPOI NOIKOI TTOBANMATIOMOI

H “TUxN’ Twv KATEWUYUEVWY EPNPPUWY OTav To euyapl Oev Ta
EMOUMEI TTAEOV YIa KAIVIKOUG OKOTTOUG
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