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GİRİŞ

Kriyoprezervasyon hücrelerin tuz ve düşük mole-
küler ağırlıklı solüsyonlar içinde, sıfırın altındaki 
çok düşük sıcaklıklara (genellikle -196oC) kadar 
dondurulup uzun süre saklandığı, ardından da 
normal fonksiyonlarını geri kazanmaları için çöz-
dürülüp kullanıldığı bir prosedürdür. “Sıvı nitro-
jen canlı bir dokuyu birkaç saniyede öldürebil-
diği gibi, yıllarca belki de yüzyıllarca koruyabilir’ 
fikriyle kriyoprezervasyonun temelleri Luyet ve 
arkadaşları tarafından 1934 yılında atılmıştır (Lu-
yet ve ark.). Bernstein ve Petropavlovski, 1937’de 
(Bernstein ve ark.), spermatozoanın kriyoprezer-
vasyonu için gliserolün kriyoprotektif etkilerini 
göstermiş olsalar da, Polge ve arkadaşları, 1949 
yılında kriyoprotektan olarak gliserolü kullanarak 
spermatozoayı ilk kez donduran araştırmacılar 

olarak tarihe geçmiştir (Polge ve ark.). Mukerji 
ve arkadaşları, 8 hücreli klivaj aşamasında olan 
embriyoyu başarıyla 50 günlük kriyoprezervasyo-
nu takiben transfer etmişler ve dondurulup-çö-
zülen embriyonun transferi ile ilk canlı doğumu 
3 Ekim 1978’de bildirmişlerdir (Anand ve ark.). 
Ancak 25 Temmuz 1978’de ilk IVF bebeğinin do-
ğumundan 2 ay ve 9 gün sonra dondurulmuş 
bir embriyodan ilk canlı doğumun Steptoe ve 
Edwards tarafından gerçekleştirildiği kabul edil-
mektedir (Steptoe ve ark.).

Günümüzde ilerleyen teknoloji ile beraber 
Yardımlı Üreme Yöntemlerinin (YÜT) uygulandığı 
sikluslarda kriyoprezervasyon rutin uygulamalar 
arasında kabul edilmektedir. Özellikle YÜT uy-
gulamalarında kullanılan superovulasyon proto-
kolleri sonrasında çok sayıda oosit ve dolayısıyla 
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transfer) vitrifikasyon ve slow freezing karşılaştı-
rıldığında istatistiksel olarak anlamlı bir farklılık 
göstermemiştir (Rienzi ve ark.). Yedi randomize 
kontrollü çalışma verilerine göre (Kim ve ark., 
Rama Raju ve ark.,  Huang ve ark., Zheng ve ark., 
Balaban ve ark., Fasano ve ark., ) embriyo sağ-
kalım oranları (3615 klivaj ve blastosist aşaması 
embriyo) bakımından yapılan kıyaslamada ise, 
vitrifikasyon sonrası cözülme ile anlamlı oranda 
embriyo sağ kalım oranlarının yüksek olduğu ra-
porlanmıştır. Buna ek olarak, klivaj aşamasındaki 
embriyoların (2531 klivaj aşamasındaki embriyo) 
sağkalım oranlarının slow freezing yöntemi son-
rasında anlamlı yüksek olduğu gözlemlenirken, 
blastosist aşaması embriyolarda (1084 blastosit) 
vitrifikasyon ve slow freezing karşılaştırıldığında 
istatistiksel olarak anlamlı bir farklılık gösterme-
miştir. Kohort çalışmaların (Kuwayama ve ark., 
2005, Stehlik ve ark., Liebermann ve ark., Li ve 
ark., Rezazadeh Valojerdi ve ark., Wilding ve 
ark., Sifer ve ark., Wang ve ark., Liu ve ark., Van 
Landuyt ve ark., Zhu ve ark., Summers ve ark.) 
sonuçlarına göre vitrifikasyon ve slow freezing 
karşılaştırıldığında totalde 64.982 pronüklear 
aşama, klivaj aşaması ve blastosist aşamasındaki 
embriyoların, sağkalım oranlarının vitrifikasyon 
yöntemi sonrasında anlamlı yüksek olduğu göz-
lemlenirken, klivaj aşaması ve blastosist aşama-
sındaki embriyolar vitrifikasyon sonrasında pro-
nüklear aşamaya oranla daha yüksek sağkalım 
oranlarına sahiptir.

Genel olarak ultra hızlı dondurma yöntemi ile 
yavaş dondurma yöntemi kıyaslandığında, ult-
ra hızlı dondurma yönteminde kriyoprotektan 
ajanlara maruziyet süresi azalsada daha yüksek 
konsantrasyonlarda uygulama gerçekleştirilir. 
Vitrifikasyon yönteminde kriyoprotektan ajanla-
rın konsantrasyonunun yüksek olması, ultra hızlı 
dondurma yöntemine göre dezavantaj olarak 
görülsede, klinik gebelik oranlarının vitrifikasyon 
yönteminde daha yüksek olması, intrasellüler 
buz kristallerinin oluşmasına engel olması ve ci-
haz kullanımını gerektirmemesi sebebiyle genel 
olarak YÜT laboratuvarlarında uygulanan en yay-
gın yöntemdir.
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guez L, Marqués L, et al. Live birth in a woman without 
ovaries after autograft of frozen- thawed ovarian tis-
sue combined with growth factors. J Ovarian Res 2013; 
7:6:33.

Cao YX, Xing Q, Li L, Cong L, Zhang ZG, Wei ZL, Zhou P. Com-
parison of survival and embryonic development in hu-
man oocytes cryopreserved by slowfreezing and vitrifi-
cation. Fertil Steril 2009;92:1306–1311.

Chi H.J., Koo J.J., Kim M.Y., et al. Cryopreservation of human 
embryos using ethylene glycol in controlled slow free-
zing. Hum. Reprod. 2002;17, 2146–2151.

Cobo A., Rubio C. Gerli S., Ruiz A., Pellicer A., Remohi J., 
“Use of uorescence in situ hybridization to assess the 
chromosomal status of embryos obtained from cryop-
reserved oocytes,” Fertility and Sterility, 2001; 75:2, 
pp. 354–360.

Debrock S, Peeraer K, Fernandez Gallardo E, De Neubourg 
D, Spiessens C, D’Hooghe TM. Vitrification of cleavage 
stage day 3 embryos results in higher live birth rates 
than conventional slow-freezing: a RCT. Hum Reprod 
2015;30:1820–1830.



Kriyoprezervasyon38. BÖLÜM

1125

Desai N., Blackmon H., Szeptycki J., Goldfarb J. Cryoloop 
vitrification of human day 3 cleavage-stage embryos: 
postvitrification development, pregnancy outcomes 
and live births. Reprod. Biomed. Online 2007;14, 208–
213.

Donnez J, Dolmans MM, Demylle D, Jadoul P, Pirard C, Squiff-
let J, et al. Livebirth after orthotopic transplantation of 
cryopreserved ovarian tissue. Lancet 2004;364:1405–
10.

Edgar D.H., Archer J., McBain J., Bourne H. Embryonic fa-
ctors affecting outcome from single cryopreserved 
embryo transfer. Reprod. Biomed. Online 2007;14, 
718–723.

Fadini R, Brambillasca F, Renzini MM, Merola M, Comi R, De 
Ponti E, Dal Canto MB. Human oocyte cryopreservati-
on: comparison between slow and ultrarapid methods. 
Reprod Biomed Online 2009;19:171–180.

Fasano G, Fontenelle N, Vannin AS, Biramane J, Devreker 
F, Englert Y, Delbaere A. A randomized controlled trial 
comparing two vitrification methods versus slow-fre-
ezing for cryopreservation of human cleavage stage 
embryos. J Assist Reprod Genet 2014;31:241–247.

Gardner DK, Weissman A, Colin M Howles CM, Shoham Z. 
Textbook of Assisted Reproductive Techniques Fifth 
Edition Volume 1: Laboratory Perspectives. CRC Press; 
5 edition (January 22, 2018) ISBN-10: 1498740146

Gook D.A., Edgar D.H., Borg J., Archer J., McBain J.C. Diag-
nostic assessment of the developmental potential of 
human cryopreserved ovarian tissue from multiple pa-
tients using xenografting, Hum. Reprod. 2005;20:72–
78.

Gook DA, Osborn SM, Bourne H., Johnson WIH Fertilization 
of human oocytes following cryopreservation: normal 
karyotypes and absence of stray chromosomes. Hu-
man Reproduction, 1994;9, no. 4, pp. 684–691,.

Gook DA, Schiewe MC, Osborn SM, Asch R, Jansen RPS, Joh-
nson WIH. Intracytoplasmic sperm injection and embr-
yo development of human cryopreserved oocytes 
using 1,2- propanediol. Hum Reprod. 1995;10:2637–41

Grifo JA, Noyes N. Delivery rate using cryopreserved oocy-
tes is comparable to conventional in vitro fertilization 
using fresh oocytes: potential fertility preservation for 
female cancer patients. Fertil Steril 2010;93:391–396.

Hiraoka K., Kinutani M., Kinutani K. Blastocoele collapse 
by micropipetting prior to vitrification gives excellent 
survival and pregnancy outcomes for human day 5 
and 6 expanded blastocysts. Hum. Reprod. 2004;19, 
2884–2888.

Huang CC, Lee TH, Chen SU et al. Successful pregnancy 
following blastocyst cryopreservation using super-co-
oling ultra-rapid vitrification. Hum Reprod 2005;20: 
122–128.

Isachenko V., Lapidus, I., Isachenko, E., Krivokharchenko, 
A., Kreienberg, R., Woriedh, M., Bader, M., Weiss, J.M. 
Human ovarian tissue vitrification versus conventional 
freezing: morphological, endocrinological, and mole-
cular biological eval- uation. Reproduction 2009;138, 
319–327.

Jelinkova L, Selman HA, Arav A, Strehler E, Reeka N, Sterzik 
K. Twin pregnancy after vitrification of 2-pronuclei hu-
man embryos. Fertil Steril 2002;77:412–414.

Kaartinen N, Kananen K, Huhtala H, Keränen S, Tinkanen H. 
The freezing method of cleavage stage embryos has no 
impact on the weight of the newborns. J Assist Reprod 
Genet 2016;33:393–399.

Kaufman R.A., Menezo Y., Hazout A., et al. Cocultured blas-
tocyst cryopreservation: experience of more than 500 
transfer cycles. Fertil. Steril. 1995;64, 1125–1129.

Kawamura K, Cheng Y, Suzuki N, et al. Hippo signaling dis-
ruption and Akt stimulation of ovarian follicles for 
infertility treatment. Proc Natl Acad Sci U S A. 2013; 
110:17474–17479.

Kawamura K, Kawamura N, Hsueh AJ. Activation of dormant 
follicles: a new treatment for premature ovarian failu-
re? Curr Opin Obstet Gynecol. 2016 Jun;28(3):217-22.

Kazem R, Thompson LA, Laing MA, Hamilton MPR, Temp-
leton A. Cryopreservation of human oocytes and 
fertilization by two techniques: in vitro fertilization 
and Intra cytoplasmic sperm injection. Hum Reprod. 
1995;10:2650–4.

Kim S, Lee S, Lee J et al. Study on the vitrification of human 
blastocysts. II: Effect of vitrification on the implantati-
on and the pregnancy of human blastocysts. Korean J 
Fertil Steril 2000;27:67–74.

Kuleshova L, Gianaroli L, Magli C, Ferraretti A, Trounson A. 
Birth following vitrification of a small number of hu-
man oocytes: case report. Hum Reprod 1999;14:3077–
3079.

Kuwayama, M., Vajta, G., Ieda, S., Kato, O.,. Comparison of 
open and closed methods for vitrification of human 
embryos and the elimination of potential contaminati-
on. Reprod. Biomed. Online 2005;11, 608–614.

Lassalle B, Testart J, Renard JP. Human embryo features that 
influence the success of cryopreservation with the use 
of 1,2 propanediol. Fertil Steril 1985;44: 645–651.

Lee S.Y., Son W.Y., Yoon S.H., Lim J.H. Clinicalpregnancy out-
come after vitrification of blastocysts produced from 
in vitro maturation cycles. Fertil. Steril. 2007;88, 1449– 
1451.

Levi-Setti PE, Borini A, Patrizio P, Bolli S, Vigiliano V, De 
Luca R, Scaravelli G. ART results with frozen oocytes: 
data from the Italian ART registry (2005-2013). J Assist 
Reprod Genet 2016;33:123–128.

Li Y, Chen ZJ, Yang HJ et al. Comparison of vitrification and 
slow-freezing of human day 3 cleavage stage embryos: 
post vitrification development and pregnancy outco-
mes. Zhonghua Fu Chan Ke Za Zhi 2007;42:753–755.

Liebermann J., Tucker M.J. Comparison of vitrification 
and conventional cryopreservation of day 5 and day 
6 blastocysts during clinical application. Fertil. Steril. 
2006;86, 20–26.

Liu SY, Teng B, Fu J, Li X, Zheng Y, Sun XX. Obstetric and neo-
natal outcomes after transfer of vitrified early cleavage 
embryos. Hum Reprod 2013;28:2093–2100.

Luyet B., Working hypotheses on the nature of life. Biody-
namics, 1934. 1: p. 1-7.

Medved R., Virant-Klun I., Meden-Vrtovec H., Tomazevic T.,. 
Outcome of frozen–thawed blastocysts derived from 
gonadotrophin releasing hormone agonist or antago-
nist cycles. J. Assist. Reprod. Genet. 2006;23, 275–279.



Histoloji

1126

Mukaida T, Wada S, Takahashi K, Pedro PB, An TZ, Kasai M. 
Vitrification of human embryos based on the assess-
ment of suitable conditions for 8-cell mouse embryos. 
Hum Reprod 1998;13:2874–2879.

Mukaida T., Oka C., Goto T., Takahashi K. Artificial shrinkage 
of blastocoeles using either a micro-needle or a laser 
pulse prior to the cooling steps of vitrification improves 
survival rate and pregnancy outcome of vitrified hu-
man blastocysts. Hum. Reprod. 2006; 21, 3246–3252.

Nagy Z.P., Taylor T., Elliott T., et al. Removal of lysed blasto-
meres from frozen–thawed embryos improves implan-
tation and pregnancy rates in frozen embryo transfer 
cycles. Fertil. Steril. 2005;84, 1606–1612.

Newton H, Aubard Y, Rutherford A, Sharma V, Gosden R. 
Low temperature storage and grafting of human ovari-
an tissue. Hum Reprod 1996;11:1487–91.

Paffoni A, Alagna F, Somigliana E, Restelli L, Brevini TA, Gan-
dolfi F, Ragni G. Developmental potential of human oo-
cytes after slow freezing or vitrification: a randomized 
in vitro study based on parthenogenesis. Reprod Sci 
2008;15:1027–1033.

Pegg D.E. The role of vitrification techniques of cryopreser-
vation in reproductive medicine. Hum. Fertil. (Camb.) 
2005; 8, 231– 239.

Polge C., Smith A.U., Parkes A.S., Revival of spermatozoa af-
ter vitrification and dehydration at low temperatures. 
Nature, 1949. 164(4172): p. 666.

Practice Committee of American Society for Reproductive 
Medicine. Ovarian tissuecryopreservation: a com- mit-
tee opinion. Fertil Steril 2014;101:1237-43.

Rama Raju GA, Haranath GB, Krishna KM et al. Vitrifica-
tion of human 8-cell embryos, a modified protocol 
for better pregnancy rates. Reprod Biomed Online 
2005;11:434–437.

Revel A, Laufer N, Ben Meir A, Lebovich M, Mitrani E. Mic-
ro-organ ovarian transplantation enables pregnancy: a 
case report. Hum Reprod 2011;26: 1097-105.

Rezazadeh Valojerdi M, Eftekhari-Yazdi P, Karimian L et al. 
Vitrification versus slowfreezing gives excellent survi-
val post warming embryo morphology and pregnancy 
outcomes for human cleavedembryos. J Assist Reprod 
Genet 2009;26:347–354.

Rienzi L, Gracia C, Maggiulli R, LaBarbera AR, Kaser DJ, Ubal-
di FM, et al. Oocyte, embryo and blastocyst cryopre-
servation in ART: systematic review and meta-analysis 
comparing slow-freezing versus vitrification to produce 
evidence for the development of global guidance. Hum 
Reprod Update. 2017;23(2):139–55.

Rienzi L., Ubaldi F., Iacobelli M., et al. Developmental poten-
tial of fully intact and partially damaged cryopreserved 
embryos after laser-assisted removal of necrotic blas-
tomeres and post-thaw culture selection. Fertil. Steril. 
2005;84, 888–894.

Roux C, Amiot C, Agnani G, Aubard Y, Rohrlich PS, Piver P. 
Live birth after ovarian tissue autograft in a patient 
with sickle cell disease treated by allogeneic bone mar-
row transplantation. Fertil Steril 2010;93:2413.e15-9.

Saito H., Ishida G.M., Kaneko,T., et al. Application of vitri-
fication to human embryo freezing. Gynecol. Obstet. 
Invest. 2000;49, 145–149.

Salumets A., Suikkari A.M., Makinen S., et al.,. Frozen embr-
yo transfers: implications of clinical and embryologi-
cal factors on the pregnancy outcome. Hum. Reprod. 
2006; 21, 2368–2374.

Salumets A., Tuuri T., Makinen S., et al. Effect of develop-
mental stage of embryo at freezing on pregnancy 
outcome of frozen–thawed embryo transfer. Hum. 
Reprod. 2003; 18, 1890–1895.

Schroder A.K., Banz C., Katalinic A., et al. Counselling on cr-
yopreservation of pronucleated oocytes. Reprod. Bio-
med. Online 2003;6, 69–74.

Seelig A.S., Al-Hasani S., Katalinic A., et al. Comparison of 
cryopreservation outcome with gonadotrophin-relea-
sing hormone agonists or antagonists in the collecting 
cycle. Fertil. Steril. 2002; 77, 472–475.

Selman HA, El-Danasouri I. Pregnancies derived from vitri-
fied human zygotes. Fertil Steril 2002;77:422–423.

Senn A., Vozzi C., Chanson A., et al. Prospective randomized 
study of two cryopreservation policies avoiding embr-
yo selection: the pronucleate stage leads to a higher 
cumulative delivery rate than the early cleavage stage. 
Fertil. Steril. 2000; 74, 946–952.

Shapiro B.S., Daneshmand S.T., Garner F.C., et al. Contras-
ting patterns in in vitro fertilization pregnancy rates 
among fresh autologous, fresh oocyte donor, and cr-
yopreserved cycles with the use of day 5 or day 6 blas-
tocysts may reflect differences in embryo-endometri-
um synchrony. Fertil. Steril. 2008; 89, 20–26.

Sifer C, Sermondade N, Dupont C, Poncelet C, Cédrin-Dur-
nerin I, Hugues JN,Benzacken B, Levy R. [Outcome of 
embryo vitrification compared to slowfreezing pro-
cess at earlycleavage stages. Report of the first French 
birth]. Gynecol Obstet Fertil 2012;40:158–161.

Smith GD, Serafini PC, Fioravanti J, Yadid I, Coslovsky M, 
Hassun P, Alegretti JR, Motta EL. Prospective rando-
mized comparison of human oocyte cryopreservati-
on with slow-rate freezing or vitrification. Fertil Steril 
2010;94:2088–2095.

Stehlik E, Stehlik J, Katayama KP, Kuwayama M, Jambor V, 
Brohammer R, Kato O. Vitrification demonstrates sig-
nificant improvement versus slow-freezing of human 
blastocysts. Reprod Biomed Online 2005;11:53–57.

Steptoe PC, Edwards RG Birth after the reimplantation of a 
human embryo. Lancet 1978; 2:366

Stern CJ, Gook D, Hale LG, Agresta F, Oldham J, Rozen G, 
Jobling T.First reported clinical pregnancy following 
heterotopic grafting of cryopreserved ovarian tissue in 
a woman after a bilateral oophorectomy. Hum Reprod 
2013;28:2996-9.

Summers D, Check JH, Choe JK. A prospective comparison 
of outcome following cryopreservation using vitrifica-
tion versus a modified slow-freeze protocol of 2 pro-
nuclear (2PN) and day 3 multi-cell embryos. Clin Exp 
Obstet Gynecol 2016; 43:330–331.

Suzuki N, Yoshioka N, Takae S, et al. Successful fertility pre-
servation following ovarian tissue vitrification in pa-
tients with primary ovarian insufficiency. Hum Reprod. 
2015; 30:608–615.

Testart J, Lassalle B, Belaisch-Allart J, Hazout A, Forman R, 
Rainhorn JD, Frydman R. High pregnancy rate after ear-



Kriyoprezervasyon38. BÖLÜM

1127

ly human embryo freezing. Fertil Steril 1986;46:268–
272.

Trounson A., Peur, A., Kirby C. Ultrarapid freezing: a new 
low-cost and effective method of embryo cryopreser-
vation. Fertil. Steril. 1987;48, 843–850.

Trounson A., Sjoblom P. Cleavage and development of hu-
man embryos in vitro after ultrarapid freezing and 
thawing. Fertil. Steril. 1988; 50, 373–376.

Tummon I.S., Wentworth M.A., Thornhill A.R. Frozen– 
thawed embryo transfer and live birth: long-term 
follow-up after one oocyte retrieval. Fertil. Steril. 
2006;86, 239–242.

Üremeye yardımcı tedavi uygulamaları ve üremeye yar-
dımcı tedavi merkezleri hakkında yönetmelik. 30 Eylül 
2014, Sayı 29135, Resmi Gazete.

Van Blerkom J, Davis PW. Cytogenetic, cellular, and develop- 
mental consequences of cryopreservation of immature 
and mature mouse and human oocytes. Microsc Res 
Tech. 1994;27:165–93.

Van den Abbeel E., Van der Elst J., van der Linden M., van 
Steirteghem, A.C. High survival rate of one-cell mouse 
embryos cooled rapidly to - 196 degrees C after expo-
sure to a propylene glycol–dimethylsulfoxide–sucrose 
solution. Cryobiology 1997;34, 1–12.

Van der Elst, J., Van den Abbeel, E., Vitrier, S., et al. Selective 
transfer of cryopreserved human embryos with further 
cleavage after thawing increases delivery and implan-
tation rates. Hum. Reprod. 1997;12, 1513–1521.

Van Landuyt L, Van de Velde H, De Vos A, Haentjens P, Blo-
ckeel C, Tournaye H, Verheyen G. Influence of cell loss 
after vitrification or slow-freezing on further in vitro 
development and implantation of human Day 3 embr-
yos. Hum Reprod 2013;28:2943–2949.

Vanderzwalmen, P., Bertin, G., Debauche, C., et al. Births af-
ter vitrification at morula and blastocyst stages: effect 
of artificial reduction of the blastocoelic cavity before 
vitrification. Hum. Reprod. 2002; 17, 744–751.

Veeck L.L., Bodine R., Clarke R.N., et al., High pregnancy ra-
tes can be achieved after freezing and thawing human 
blastocysts. Fertil. Steril. 2004;82, 1418–1427.

Virant-Klun, I., Tomazevic, T., Bacer-Kermavner, L., et al. Suc-
cessful freezing and thawing of blastocysts cultured in 
sequential media using a modified method. Fertil. Ste-
ril. 2003;79, 1428–1433.

Vyjayanthi S., Tang T., Fattah A., et al. Elective cryopreser-
vation of embryos at the pronucleate stage in women 
at risk of ovarian hyperstimulation syndrome may af-
fect the overall pregnancy rate. Fertil. Steril. 2006;86, 
1773–1775.

Wang XL, Zhang X, Qin YQ, Hao DY, Shi HR. Outcomes of 
day 3 embryo transfer with vitrification using Cryo-
leaf: a 3-year follow-up study. J Assist Reprod Genet 
2012;29:883–889.

Wang J.X., Yap Y.Y., Matthews C.D. Frozen–thawed embryo 
transfer: Influence of clinical factors on implantation 
rate and risk of multiple conception. Hum. Reprod. 
2001;16, 2316– 2319.

Warnes G.M., Payne D., Jeffrey R., et al. Reduced pregnancy 
rates following the transfer of human embryos frozen 
or thawed in culture media supplemented with normal 
serum albumin. Hum. Reprod. 1997; 12, 1525–1530.

Wilding MG, Capobianco C, Montanaro N, Kabili G, Di Mat-
teo L, Fusco E, Dale B. Human cleavage-stage embryo 
vitrification is comparable to slow-rate cryopreservati-
on in cycles of assisted reproduction. J Assist Reprod 
Genet 2010;27: 549–554.

Youm HS, Choi JR, Oh D, Rho YH. Closed versus open vit-
rification for human blastocyst cryopreservation: A 
meta-analysis. Cryobiology. 2017 Aug;77:64-70. doi: 
10.1016/j.cryobiol.2017.05.006.

Zheng WT, Zhuang GL, Zhou CQ et al. Comparison of the 
survival of human biopsied embryos after cryopreser-
vation with four different methods using nontransfe-
rable embryos. Hum Reprod 2005;20:1615–1618.

Zhu HY, Xue YM, Yang LY, Jiang LY, Ling C, Tong XM, Zhang SY. 
Slow freezing should not be totally substituted by vit-
rification when applied to day 3 embryo cryopreserva-
tion: an analysis of 5613 frozen cycles. J Assist Reprod 
Genet 2015; 32:1371–1377.

Zhu G.J., Jin L., Zhang H.W., et al., Vitrification of human 
cleaved embryos in vitro fertilization-embryo transfer. 
Zhonghua Fu Chan Ke Za Zhi 2005;40, 682–684.

Ziebe S., Bech B., Petersen K., et al. Resumption of mitosis 
during post-thaw culture: a key parameter in selecting 
the right embryos for transfer. Hum. Reprod. 1998;13, 
178–181.


