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1. Technical Approaches for Oocyte Cryopreservation

Clinical Application of Oocyte Vitrification:
Review & Meta-analysis
Slow freezing or Vitrification???7?

FIGURE 2
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Clinical Application of Oocyte Vitrification:
Review & Meta-analysis
Slow freezing or Vitrification????
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MIl Oocyte Cryopreservation : ASRM Guideline

Summary nf mndomired contrudied tials comparing fresh sersus vitrified socyies
Catat 2000 2400 Cabe 2010 126) Mt 2010 (25) Parmngsans 2011 119)
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**“*Trend toward better results with vitrification, only 1 RCT by Smith.et al. 2010 compares viL&slow
shows sig, higher CER with vit.

ASRM F&S 2013



The Alpha consensus meeting on cryopreservation
key performance indicators and benchmarks:
proceedings of an expert meeting

Alpha Scientists in Reproductive Medicine "

Reproductive BioMedicine Online (2012) 25, 146 167
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Oocyte Vitrification

Fertility preservation- Medical Reasons
Cancer patients

Other medical conditions compromising
fertility;

* Endometriozis

*  High risk for early ovarian failure

Fertility preservation -social (non-medical)
reasons

* Elective freezing age related decline of
fertility to postpone motherhood
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Clinical outcome of nononcological FP patients.
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Fertility Preservation for Cancer Patients

Live births reported for cancer patients; Slow freezing & Vitrification
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Use of cryo-banked oocytes in an ovum
donation programme: a prospective,
randomized, controlled, clinical trial

Ana Cobo’, Marcos Mesoguer, Jose Remohi, and Antonio Pellicer
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Delivery rates after oocyte vitrification: Multicentric study
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Oocyte vitrification for low-responders? Accumulation of cocytes
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Safety of Oocyte Vitrification?7?
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No congenital abn for 22 babies  Chian et al., F&S 2008

4/489 Intants born mmmmmm
« 21147 infants born had congenital abn. Rienxi et al. HR 2012

““Ettoct af aocyte vitin the metabolomic prafile of

embryes devaioped had shown no stat. sig. diff. when compared
with fresh group.  Oocyte vit does nat disturh smbryonic metabollc
profiles. Dominguer ot sl FES 2013

Thaere's no Increased of anouplasdy for biastocysts from vitrifed
oocytes by microarry desed CC3 on trophosctoderm bidpay, Forman
stal FR3 2012
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UOREMEYE YARDIMCI TEDAVI UYGULAMALARI VE UREMEYE
YARDIMCI TEDAVI MERKEZLER|I HAKKINDA YONETMELIK

BESINC] BOLUM

Hizmet Sunumuna lligkin Diger Esaslar

Ureme hicrelerl ve gonad dokularinin saklanma kriterlerl
MADDE 20

(3) Kadinlarda Ureme hlcreleri ve gonad dokularinin sakianmasini
gerektiren tibbi zorunluluk halleri sunlardir;

a) Kemoterapi ve radyoterapi gibi gonad hucrelerine zarar veren
tedaviler oncesinde,

b) Ureme fonksiyonlannin kaybedilmesine yol acacak olan
amellyatlar (yumurtahiklarin alinmas: gibl operasyonlar) oncesinde,

c) Duslk over rezervi olup henliz dogurmamis veya aile dykUsilinde
erken menopoz hikayesinin Ug uzman tabipten olusan saghk kurulu
raporu lle belgelendirlimesi durumunda.



Cryopreservation of human embryos by vitrification or
slow freezing: A systematic review and meta-analysis

Pubmed search: 873, only 3 included!!,
Primary outcome: Postthaw survival rate,
Sec.Outcome: Cleavage&Blastocyst dev.& hatching, CPR

Pooled data on cleavage, blastocyst
development &hatching, CPR, IR, and LBR
were NOT feasible

FIGURE 2
Odds ratio of postthawing survival rate of cleavage stage embryos after vitrification and slow freezing.
Study Vitrification Slow freezing OR (random) Weight OR (random)
n'N n'N 895% ClI % 95% CI
Rama Raju 121/127 72/120 N 34.00 13.44 [5.48,32.98)]
Zheng 46/49 g8/52 —a&— 28.71 84.33 [21.01, 338.51]
Kuwayama 879/897 857/942 &+ 37.28 4.84 [2.89, 8.12)
Total (85% Cl) 1073 1114 100.00 15.57 [3.68, 65.82]
Total events: 1046 (Vitrfication), 937 (Slow freezing)
Test for heterogeneity: Chi?2 = 15.94, df = 2 (P = 0.001)
Test for overall effect: Z = 3.73 (P = 0.0002) 0.001 0.01 0.1 10 100 1000
Slow Vit.

Loutradi et al., F&S 2008



Cryopreservation of cleavage stage embryos by vitrification vs. slow freezing??
Which one is better?

Survival
Vitrification  Slow freezing Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
2.1.1 Cleavage stage embryos
Balaban et al., 2008 222 234 206 232 17.8% 2.33[1.15, 4.75] —a—
i et al., 200 A 80 73 80 16.0% 0.76 [0.27, 2.14] - .
121 127 12 120 16.8% 13.44 [5.48, 32.98] — &
feng et al., 200 46 49 8 52 14.0% 84.33[21.01, 338.51] s
Subtotal (95% CI) 490 484  64.6% 6.35[1.14, 35.26] e
Total events 460 359
Heterogeneity: TauZ = 2.78; Chi2 = 37.80, df = 3 (P < 0.00001); /2 = 92%
Test for overall effect: Z =2.11 (P =0.03)
0.002 0.1 10 500
Blastocyst development Slow Vit.
Vitrification Slow freezing Odds ratio Odds ratio

Study or subgroup Events Total events Total weight M-H, fixed, 95% ClI M-H, fixed, 95% CI
Balaban et al., 2008 134 222 102 206 96.8% 1.55[1.06, 2.28] '
Zheng et al., 2008.g; o Bamps 46 1 8 32% 1.70[0.19, 15.65] ,

Total (95% CI) 268 214 100.0%  1.56[1.07,2.27) E- 3
Total events 143 103

Heterogeneity: Chi* = 0.01, df =1 (P =0.94); I = 0%
Test for overall effect: Z = 2.30 (P = 0.02)

L ] 1} i

0.05 0.2 1 5 20

Favours slow freezing

Favours vitrification

Li and Rama Raju found no stat sig. dif for CPR

Efstratios et al.,Cur.Op.Obs&Gynec. 2009



Table 1 Characteristics of included studies.
Study Country Study Interventions Method of No. of Financial
period randomization participants support
(No. of cycles)
Bernal et al. USA January Vitrification Alternate 115 women No external
(2008) 2007—April  versus randomization (64:51) financial
2008 slow programmed support
freezing
Kim et al. Korea  January Vitrification Unclear Unclear None
(2000) 1998—-July  versus (42:216) declared
1999 slow programmed
freezing
Li et al. China June 2005~ Vitrification Alternate 80 women None
(2007) March 2007 versus randomization (40:40) declared
slow programmed
freezing
Mauri et al. Brazil January Ultra-rapid Computer- 160 women No external
(2001) 1991—-March freezing generated (80:80) financial
2000 versus slow randomization support
programmed list
freezing
Rama Raju India May 2004  Vitrification Unclear 164 women None
et al. (2005) June 2005  versus (84:80) declared
slow programmed
freezing
Van den Belgium October Ultra-rapid Randomization Unclear Belgium
Abbeel 1992 freezing list (100:100) National
et al. (1997a) March 1993  versus slow Fund for
programmed freezing Medical
Research

Current meta-analysis indicate that embryo vitrification is superior to slow freezing
based on direct comparison of embryo survival and CPR,0OPR, IR were also higher

**4 \it& SF, 2 UF& SF Desai et aI,RBM Online 2010



Outcome of vitrified cleavage-stage embryos: 1872 cycles

Overall outcome according to developmental stage at vitrification.

D2 D3

n (%) 95% CI (%) n (%) 95% CI (%)
No. of warming cycles 147 1,725
No. of warmed embryos 497 3,491
Age (v) 36.1 + 4.0° (35.6-36.4) 374 + 54° (36.7-37.8)
Survival rate 472 (94 9)° (93.0-96.8) 3,289 (94.2)" (93.4-94.9)
NO. of embryo transters (%) 135 (31.8)° (87.4-96.2) 1,685 (97.6)° (96.0-98.3)
No. of embryos replaced (mean + SD) 280 (1.9 + 0.8 (19-2.0) 3,057 (1.8 = 0.6)" (1.8-1.9)
Implantation rate 76 (27.2)° (22.0-32.4) 1,058 (34.6)° (32.9-36.3)
CPR/cycle 59 (40.1) (32.2-48.0) 708 (41.0) (38.7-43.3)
CPR/transfer 59 (43.7) (35.3-52.1) 708 (42.0) (39.6-44 4)
OPR/cycle 44 (29.9) (22.5-37.3) 571 (33.1) (30.1-35.3)
OPR/transfer 44 (32.6) (24.7-40.6) 571(33.9) (31.6-36.1)
Miscarriage rate 15 (23.1) (12.4-33.9) 123 (17.3) (14.5-20.1)
DR/cycle 44 (29.9) (22.5-37.3) 570 (33.0) (30.9-35.3)
lLBR/cyc!e 52 (35.3)° (27.6-43.0) 677 (39.2)* (36.9-41.5)

Note: CPR = clinical pregnancy rate; OPR = ongoing pregnancy rate, DR = delivery rate, LBR = live birth rate.
=8¢ Different superscripts in the same row indicate statistical difference (P< 05).

Cobo et al., F&S 2012



The Alpha consensus meeting on cryopreservation
key performance indicators and benchmarks:
proceedings of an expert meeting

Alpha Scientists in Reproductive Medicine "*

Reproductive BioMedicine Online (2012) 25, 146- 167

Table 3 Embryo key performance indicator values.

KP| Competence Benchmark

E1 Morphological survival: fully Freezing 40% 55%
intact Vitrification 70% 85%

E2 Morphological survival: >50% Freezing 60% 85%
intact Vitrification 85% 95%

E3 Post-thaw development <10% (relative) lower than that for the The same as for the comparable
(including implantation rate) comparable population of fresh embryos population of fresh embryos at
for fully intact embryos at the centre the centre

The KPI values are calculated as the proportion of all thawed/warmed embryos.



Cryopreservation of blastocysts by vitrification or

slow freezing: A systematic review and meta-analysis

Odds ratio of postthawing survival rate of blastocysts after vitrification and slow freezing.

Study Vitrification Slow freezing OR (fixed) Weight OR (fixed)

n/N N 95% Cl % 95% CI
Huang 68/81 41/72 —f— 21.41 3.95 [1.86, B.41]
Kuwayama 5695/6328 131/156 -.— 78.59 1.72 [1.11, 2.65]
Total (95% CI) 6409 228 100.00 2.20 [1.53, 3.16]

Total events: 5763 (Vitrification), 172 (Slow freezing)
Testfor heterogeneity: ChiZ = 3.56, df = 1 (P = 0.06)
Test for overall effect: Z=4.25 (P < 0.0001)

01 02 05 1 2 5 10
Favors slow freezing Favors vitrification

Pubmed search: 873, only 4 included!!,
Primary outcome: Postthaw survival rate,
Sec.Outcome: Cleavage&Blastocyst dev.& hatching, CPR

Pooled data on cleavage, blastocyst
development &hatching, CPR, IR, and LBR
were NOT feasible

Loutradi et al., F&S 2008



Cryopreservation of blastocysts by vitrification vs. Slow freezing??
Which one is better?

Cryosurvival

Vitrification  Slow freezing Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI

2.1.2 Blastocyst stage
Bernal et al., 2008 159 171 110 145 17.8% 4.22[2.10, 8.48] —&
Huang et al., 2005 68 81 41 72 17.6% 3.95[1.86, 8.41] &
Subtotal (95% Cl) 252 217 35.4% 4.09[2.45, 6.84] &
Total events 227 151

Heterogeneity: Tau2 = 0.00; Chi2=0.01, df =1 (P =0.90); 12=0%
Test for overall effect: Z =5.39 (P < 0.00001)

1 l 1 l
0.002 0.1 1 10 500
Favours slow freezing Favours vitrification

Only Bernal compared CPR, no sig. diff.

Efstratios et al.,Cur.Op.Obs&Gynec. 2009




Table 3. Review for the outcome of several studies on vitrification of human blastoeysts.

Reference Cryo- Crvo- No. of Survival Pregnancy Implantation rate (%)/
protectant carrier vitrified  rate (%) rate (%) comment
blastocysts
Liebermann and EG FDP 254 Day 595.9;day Day548.7,day 6 Day 5 33; day 625
Tucker, 2006 6975 428
Utsunomiva er al., - Straw (142 87 (protocol 1),  35.0 (protocol 1), 25.9 (protocol 1), 22.8
2006 cycles) 89.6 (protocol 2), 32.0 (protocol 2), (protocol 2), 9.4 (protocol
89.8 (protocol 3) 11.1 (protocol 3)  3)
Kuwayama er al., DMSO/EG Cryotop 6484 90 53 Cryotop was superior
2005
Zech et al., 2005 DMSO/EG Henmui- 177 64-82 21-35 SR inereased with intact
straw ZP
Takahashi er al., DMSO/EG/S  Crvoloop 1129 857 Congenital defects 1.4%
2005
Huang CC et al., DMSO/S/ EG/ Cryoloop 249 77.1 NA
2005 HSA
Stehlik er al., 2005 EG-based Cryotop 41 100 50
Hiraoka er al., DMSO/EG Crvotop 49 98 50 @
2004
Vanderzwalen DMSO/EG Hemi- 281 60 27 (ongoing) AH more favourable
et al., 2003 straw implantation rate
Mukaida er al., EG-based Cryoloop 444 79 36 NA
2003a
Mukaida et al., EG-based Cryoloop 725 804 37 87; day 5 survival rate is
2003b higher
Cho er al., 2002 EG-based EM 293 50-82 34.1 Six step dilution of
cryoprotectant was better
Reed er al.. 2002 EG/DMSO Cryoloop 15 100 25 154
Vanderzwahln er al., | EG/Ficoll/S Straws- 167 20.3-58.5 4.5-20.5 Puncturing of blastocoele
2002 direct increased survival and
plunge pregnancy
Mukaida ef al., EG-based Crvoloop 60 63 31.5 NA
2001 >10.000 blasts. vitrified Youssry et al.,RBM Online 2008

AH = assisted hatching, DMS0O = dimethylsulphoxide, EG = ethylene glycol, EM = electron microscope grids, FDF = flexipet denuding pipette, HAS = human serum
albirmin 5 = suerose SR = survival mate WA = noat availabhle 7P = zona nellucids



Outcome of vitrified blastocysts: 1278 cycles; donor &infertile patients

D6
n (%) 95% CI (%) n (%) 95% CI (%)
No. of warming cycles 675 603
No. of warmed embryos 1,079 952
g () 389 + 58P (38 5-39 3) 386 + 55 (3IR2-39 0
| Survival rate 1,033 (95.7)° (94 5-969) 929 (97 6)° (96.9-98.6
NO. 01 EMDIYO Tansiers (7o) BA9 (96.2)" [94.7-97.0) 5B (976) ([96.0-98.8
No. of embryos replaced (mean + SD) 1,008 (1.5 &+ 0.6)° (1.5-1.6) 919 (1.5 + 0.6)° (1.5-1.6)
Implantation rate 426 (42.3)° (39.3-453) 390 (42 4F (39.2-45.6)
CPR/cycle 295 (43.7) (40.0-47 4) 251 (41 .6) (37.7-45.5)
CPR/Mtransfer 295 (45.5) (41.7-493) 251 (42 .6) (38.6-46.6)
OPR/cycle 235 (34.9) (31.3-38.5) 178 (29.5) (25.8-33.1)
OPR/transfer 235 (36.2) (32.5-399) 178 (30.7) (27.0-34 .4)
Miscarriage rate 56 (18.9) (14.4-234) 73 (29) (23.4-34.6)
DR/cycle 235 (34 ]) (31 2-384) 178 (20 §) (26933 1
LBR/cycle 274 (40 670 (36.9-443) 196 (32.5/¢ (28.8-36.2

Nore: CPR = clinical pregnancy rate; OPR = ongoing pregnancy rate; DR = delivery rate; LBR = live hirth rate.

MBS Different superscripts in the same row indicate statistical difference (P< 085),

Van Landuyt et al..HR 2011, 759 IVF/ICSI cycles,

Survival day 5: 79.3%,day 6:70.1%

SET OPR:14.2%, DET OPR: 20.5%,IR day 5:14.3%, day 6:13.7%

Cobo et al., F&S 2012



Clinical outcomes following
cryopreservation of blastocysts by
vitrification or slow freezing: a
population-based cohort study

Z.Li'2 Y.A. Wang!3, W. Ledger!, D.H. Edgar?, and E.A. Sullivan!2*

SUMMARY ANSWER: Compared with slow frozen blastocysts, vitrified blastocysts resulted in significantly higher clinical pregnancy and live
delivery rates with similar perinatal outcomes at population level,

STUDY DESIGN, SIZE, DURATION: A population-based cohort of autologousfresh and initiated thaw cycles (a cycle where embryos were

thawed with intention to transfer) performed between January 2009 and December 201 | in Australia and New Zealand was evaluatad retro-
spectively. A total of 46 890 fresh blastocyst transfer cycles, 12 852 initiated slow frozen blastocyst thaw cycles and 20 887 initiated vitrified blasto-
cyst warming cycles were included in the data analysis,

PARTICIPANTS/MATERIALS, SETTING, METHODS: Pairwise comparisons were made between the vitrified blastocyst group and
slow frozen or fresh blastocyst group. A Chi-square test was used for categorical variables and t-test was used for continuous variables. Cox re-
gression was used to examine the pregnancy outcomes (clinical ancy rate, miscarriage rate and live delivery rate) and perinatal outcomes
(preterm delivery, low birthweight births, small for gestational age (SGA) births, large for gestational age (LGA) births and perinatal mortality)
following transfer of fresh, slow frozen and vitrified blastocysts.

MAIN RESULTSAND THE ROLE OF CHANCE: The46 890 fresh blastocysttransfers, | | 644 slow frozen blastocyst transfersand |9 978
vitrified blastocyst transfers resulted in | 6 B45, 2766 and 6537 clinical pregnancies, which led to | 3 049, 2065 and 4955 live deliveries, respectively.
Compared with slow frozen blastocyst transfer cycles, vitrified blastocyst transfer cycles resulted in a;s:gnrﬁt:antl},,r hlghﬂr clinical pregnancy rate
{adjust&d relative risk {ARR} | 47, 95% confidence interva : g ' Iy A7),

aczsery (ARR: 0.86, 95% C: 0.77-0.96), 333 lexs ok of being low brshweihs (ARR: 0.67, 95% Cl: 0.58-0.78) aud 40% les rsk of beig
SGA (ARR: 0.60, 95% CI: 0.53-0.68).

' Human Reproduction, Vol.29, No.|2 pp. 2794-2801,2014 |




The Alpha consensus meeting on cryopreservation

Alpha Scientists in Reproductive Medicine "*

Reproductive BioMedicine Online (2012) 25, 146- 167

Table 4 Blastocyst key performance indicator values.

key performance indicators and benchmarks:
proceedings of an expert meeting

KP| Competence Benchmark
B1 Survival rate Freezing 70% 85%
Vitrification 80% 95%
B2 Transfer rate Freezing 70% 85%
Vitrification 80% 95%
B3 Implantation rate <10% (relative) lower than that for the The same as for the comparable

comparable population of fresh embryos at
the centre

The KPI values are calculated as the proportion of all thawed/warmed blastocysts.

population of fresh embryos at
the centre

ET rate: proportion of thawed/warmed blasts. that are sufficient quality to transfer



Neonatal Outcome of Vitrified Cleavage Stage Embryos

TABLE 1
Clinical parameters of fresh and vitrified day 3 embryos transfers.
Parameters Fresh cycle Vitrification
Patients’ age (y) 32.11 + 4.61 31.44 + 4.75
No. of total cycles 604 312
No. of cycles transferred 598 285
No. of embryos transferred 1,576 817
Mean no. of embryos transferred 2.63 2.87
Implantation rate (%) 371 (23.54) 148 (18.11)*
No. of clinical pregnancies (% per embryo transfer) 251 (41.97) 105 (36.84)
No. of deliveries (% per embryo transfer) 166 (27.75) 69 (24.21)
No. of miscarriages (% per embryo transfer) 48 (8.02) 22 (7.71)
No. of ongoing pregnancies (% per embryo transfer) 28 (11.15) 11 (10.47)
No. lost follow-up (% per embryo transfer) 9 3

Note: Values are expressed as mean + SD.
AP < .05, when compared to fresh cycle.

Rama Raju. Neanatal outcome of vitrified embryos. Fertil Steril 2008

No.sig. dif. for neonatal parameters:

Rama Raju et al. F&S 2009

Mean gestational age, birth weights for singleton & MPR,

PR induced complications,

Incidence of birth defects ( major & minor malformations)




Perinatal &neonatal outcomes of 494 babies from 972 vitrified day 3 ET
Comparison of obstetrical and neonatal outcomes between vitrified and fresh ETs.

Singleton gestation
Parameter Fresh Vitrification
No. of vaginal deliveries (6) 76 (18.05) 34 (13.28)
No. of cesarean sections (%) 345 (81.95) 222 (86,72}
Mean gestational age, wk 38.85 + 1.47 39.02 + 1.67
No, of preterm deliveries 29 (6.89) 17 (6.64)
(<37 wK) (%)
No. of very preterm deliveries 1(024) 3017
(=32 wk) (%)
No, of cases of antenatal 113 (26.84) 60 (23.44)
bleeding (%)
No. of cases of gestational 14(333) 6(234)
diabetes (%)
No. of cases of pregnancy- 16 (3.80) 10 (3.91)
induced hypertension (%)
Live birth A1 256
Male 197 (46.79) 126 (49.22)
l Mean birth weight, g 3,216.87 = 45130 3,337 44 % 505,607
1 min 9,00+ 0.07 891 = 045"
5 min 991 +030 9.85 + 0.47
10 min 992 4027 989 4037
Birth weight <1,500 g (%) ** 0 2(0.78)
Birth weight 1,500-2,499 g (%) 24.(5.70) 10(3.91)
Birth weight 2, 500-4,000 g (%) 371 (88.12) 221 (86.33)
Birth weight >4,000 g {%) 26 (6.18) 23(8.98)
Neonatal intensive care unit 59 (14.01) 30011.72)
admission (%)
Nepnatal death 0 4 (all for
asphyxia)
Neonatal complications
Pathological jaundice 20 (2 for HDN) 1
Respiratary problems 17 10
Low birth weight 18 5
Neonatal septicemia 0 1 {comphcating
prieumonia)
Others 4 (1 for hypoxic-ischemic 0

B0l AL e st

encephalopathy, 1 for
diarthea, 1 for peptic ulcar,
1 for intracranial
haemormrhage)

Not=: Values are expressed o mean + SD. HON = hemolytic disease of newbom.

Multiple gestation
Fresh Vitrification
21 (10.88) 11 (9.24)
172 (89.12) 108 (90,76)
36.67 +2.01 3677 + 156
89 (46.11) 62 (52.10)
6(3.11) 1 (0.84)
621(32.12) 34(28.57)
12 (622) 5 (4.20)
17 (881) 19 (15.97)
386 238
178 (46.11) 107 (44.96)
e e
2,435.23 +435.74 2,556.45 + 432.91°
891+ 033 890+ 039
936 + 052 9.34 + 056
9454057 947 + 0.56
10 (2.59) o°
186 (48,19) 99 (41 60)°
190 (49.22) 138 (57.98)®
0 1(0.42%
169 (43,78) 71 (30.08)°

5 (3 tor asphyxia, 1 for
congenital hearl disease, |
for neonatal necrotizing
enterocolitis)

13
21
129

0

1 {fungus infection)

2 (1 for spinal bifida,
1 for lower limb
malformation)

11:(1 for HON)

4
56
0
1 (fever)
Shi et al.,
F&S 2012



Neonatal outcome and birth defects in 6623 singletons born following
minimal ovarian stimulation and vitrified versus fresh SET
Kato O et al., Eur J Obst.Gyn. Reprod Biol. 2012

 Vitrification of embryos/blastocysts did not increase the incidence of adverse
neonatal outcomes or birth defects following SET, no sig. diff. in LGA

Obstetric and Neonatal outcomes after transfer of vitrified early cleavage

stage embryos.
Liu SY et al., HR 2013

* No adverse effect on neonatal outcome . Birthweight was higher in the
 vitrified group versus slow or fresh ET implying an improved perinatal outcome



Large baby syndrome in singletons born
after frozen embryo transfer (FET): is it
due to maternal factors or the
cryotechnique?

A. Pinborg!*, A.A. Henningsen?, A. Loft2, S.S. Malchau?, ). Forman3,

and A. Nyboe Andersen?

STUDY DESIGN, SIZE, DURATION: Thenational register—based controlled cohort study invelves twe populations of FET singletons. The
first population (A: total FET cohert) consisted of all FET singetans (n = 896) compared with singdetons bomn after Fresh embryo transfer (Fresh)
{n= 9480} and ako with that bornafter natural conceprion (NG n = 4510) in Denmark from 1997 to 2006. The second population (B: Sibling
FET cohort) induded all sibling pairs, where one singeton was born after FET and the consecutive sibling born after Fresh embryo wransfer orvice
versa from | 994 o 2008 (n = 666). The sibling cohort incduded n = 550 children with the sibling combination first child Fresh/secand child FET
and n = | | & children with the combination first child FET /second child Fresh,
SUMMARY ANSWER: Sirgletons after FET have an increased risk of being barm LGA, This cannot solely be explained by ntrinsic rratemal
fact WEME where the sibling concetved after FET had anincreased riskof LGA compared with the sibling bom
after Fresh embryo transfer, Age, parity, child sex, year of birth, birth order

LIMITATIONS, REASONS FOR CAUTION: Adjustment for body mass index as 3 possible confounder was not passible The size of the

FET /Fresh sibling cobort was limited; however, the complete sibling cohort was suffidently powered to explore the rsk of LGA. A bias is very

uniikely as data coding was based on national registers,

+ 1st. report 2008 from Australia by Shih, than Pelkonen 2010 and Sazonova 2012 reported
LGA in FET singletons . ALL in slow-frozen embryos..

+ 3 studies for vitrified embryos- not included in the meta-analysis
1. Kato 2012 that showed no diff. for embryos and blastocysts
2. Shi 2012 showed in a small population that mean birthweight is higher for vit. day 3 emb. BUT no risk calculations

for LGA
3. Liu 2013 showed sig. higher birthweight with vit. compared to slow f. &fresh

 How does slow freezing or vitrification affect early embryo and plasental development
and intrauterine growth environment should be further explored?

Human Reproduction, Vol.19, No.3 pp. 6 |1B- 6217, 2014



Perinatal outcome of blastocyst transfer with
vitrification using cryoloop: a 4-year follow-up study

Fresh blastocyst

Vitrified blastocyst

transfer % transfer %

Live born 205 147
Male 120 58.5% 74 50.3
Female 85 41.5% 73 49.7
Vaginal delivery 70 45.8 44 40.7
Cesarean section 83 54.2 64 59.3
Mean gestational age (wk) 379 + 2.5 38.1 £ 2.8
Preterm (<37 wk) 19 12.4 20 18.5
Mean birth weight (g) 2,593 + 629 2,601 = 709

<1,500 g 9 8

1,500-2,500 g 66 56

=>2,500 g 130 83
Twins 40 26.1 30 27.8
Triplets 6 3.9 4 5.1
8 P<.05.

Prevalence of major and minor birth defects in infants.

Fresh blastocyst transfer

Vitrified blastocyst transfer

Major defects
Minor defects
Total (%)

1 (21 trisomy, deceased)

3 (anal atresia, PDA, defect of 4" lumbar spine)

4 (2.0%)

1 (Treacher-Collins syndrome®)
1 (PDA)
2 (1.4%)

2 Mandibulofacial dysostosis.

Takahashi et al.,F&S 2005

Liebermann F&S 2006, Wennerholm 2009, Wikland 2010 ,Kato 2012, also reported no adverse effect




Obstetric outcomes after transfer
of vitrified blastocysts

M. Wikland'”, T. Hardarson', T. Hillensjo ', C. Westin',
G. Westlander'. M. Wood'. and U.B. Wennerholm?

METHODS: All children born after transfer of vitrified blastocysts (n = 106), fresh blastocysts (n = 207) and slow-frozen early cleavage
stage embryos (n = 206) during the period January 2006 to May 2008 at Fertility Center Scandinavia were included. Data on obstetric
and neonatal outcomes were obtained from medical records from the antenatal and delivery clinics.

RESULTS: For singletons, there were no significant differences between the groups in gestational age, mortality or birth defects. After
adjustment for parity and BMI, birthweight was significantly higher in_singletons born after transfer of vitrified blastocysts_as compared

with after transfer of fresh blastocysts (median 3560 versus 3510g P = 0.0311). More singletons born after transfer of fresh blastocysts
were small for gestational age compared with singletons bomn after transfer of vitrified blastocysts (12.1 versus 3.0%, P = 0.0085). A
higher rate of major post-partum haemorrhage was observed in the vitrified blastocyst group as compared with the other two groups
(25.0 versus 6.0 and 7.5%).

CONCLUSIONS: No adverse neonatal outcomes were observed in children born after transfer of vitrified, as compared with fresh blas-
tocysts or after transfer of slow-frozen early cleavage stage embryos.

Human Reproduction, Vol.25, No.7 pp. 1699-1707, 2010



Single-embryo transfer of
vitrified-warmed blastocysts yields
equivalent live-birth rates and
Improved neonatal outcomes
compared with fresh transfers

Tammie K. Roy, Ph.D., Cara K. Bradley, Ph.D., Mark C. Bowman, M.B.B.S., Ph.D., and Steven J. McArthur, B.Sc.

Genea, Sydney, New South Wales, Australia

Singleton neonatal outcomes for fresh and vitrified-warmed blastocyst transfers.

Fresh Vitrified Pvalue

Maternal age® 348+36 348 +40

Median (IOR) 35.1 (32.1-37.8) 35.0(32.1-37.B) 858
Gestational age® (wk) 390422 393+ 20

Median (IQR) 394 (38.4-40.3) 39,4 (38.8-40.6) 047
Preterm birth rate 44/507 (8.7%) 13/229 (5.7%) 158
Live-birth weight® (g) 3,296 + 563 3,441 + 554 . .

Median (IQR) 3,300 (3,000-3,660) 3,465 (2,173-3,778) - 145gr. heavier 4
Low-birth-weight rate 28507 (5.5%) 107229 (4.4%) 512
Neonatal death rate 1507 (0.2 %) 1/229 (0.4%) 1

Note: Data & singleton births from combined grade | and grade || blastocyst transfers. There were 5 fetal heart positive pregnandes (from a total of 859) for wham birth outcome data were not
available. 10R = interquartile range.
# Mean + standard deviation.

Retrospective study of 1209 patients: 1157 fresh vs. 645 FET,
similar LBR, and improved neonatal outcomes

Fertility and Sterility® Vol. 101, No. 5, May 2014



Poor cryosurvival rates (~30%) and clinical outcome after conventional slow freezing
of biopsied cleavage stage embryos ( Joris et al., HR 1999, Magli et al., HR 1999)

Vitrification results with higher cryosurvival rates
for biopsied human embryos

Table L. Survival rate of embryos post-freezing—thawing with different methods

Ciroup Method No. of embryos frozen MNo. of surviving No. of intact Total no. of
embryos (%) embryos (%)° blastomeres
surviving (%)°

1 Standard Non-biopsied 53 45 (85) 19 (36) 223/316 (71)

2 Standard Biopsied 52 8 (16) 5010} 065/261 (25)

3 Modified freezing Biopsied 52 39 (75) 21 (40} 175/278 (63)

4 betoditiedthqwing Biopsied 50 316 . A2

s Quiitcaion Biopsicd 49 ST

2P = 00005 for 2 versus 1, for 2 versus all others; P =< 0,05 for 5 versus 3 or 4; P = 0,05 for 1 versus 3, 4 or 5.

Bp = 0,005 for 2 versus 1, P < 0.001 for 2 versus 3; P = 0.05 for 2 versus 4; P < 0.0005 for 2 versus 5; P < 0.0005 for 5 versus 1, 3 or 4;
P = 0.05 for 1 versus 3.

P < 0.0005 for 2 versus all others; P < 0.0005 for 5 versus 3, 4 and 1; P < 0.05 for 1 versus 3; P < 0.0005 for 1 versus 4; P = (.05 for
3 versus 4.

Zheng et al.,HR 2005

« Survival and IR of biopsied cleavage embs. and vit. at blastocyst stage is similar with non-biopsied
counterparts. EI-Toukhy HR 2009

» Higher survival and preg.for biopsied and vit. embryos compared to biopsied and slowly frozen Keskintepe JARG 2009



Vitrification results with high cryosurvival
rates for biopsied blastocysts

« Escriba et al., F&S 2008 similar cumulative OPR/OPU for PDG
 and non-PGD group with blastocyst vitrification

 Schoolcraft et al., F&S 2013 CGH of TE with vitrification
facilitates e SET for infertile women with advanced maternal
age

 Zhang et al.,F&S 2014 Blasts. can be rebiopsied &vitrified
without diminishing IR, and LBR

 Reed et al. JARG 2014 Similar clinical outcome for biopsied and
non-biopsied blasts. With large-volume vitrification

« Taylor et al.,RBM 2014 No dif. in clinical outcome for single or
double vitrified biopsied blastocysts




Flexibility of re-cryopreserving cells by vitrification method

« It's presumed that refrozen & thawed embryos using
conventional methods results with detrimental cryoinjury

« Chang C . RBM Online 2008 Two successful pregnancies obtained following
oocyte vitrification and embryo re-vitrification.

« Kumasako et al., F&S 2009 The efficacy of the transfer of twice frozen thawed
embryos with the vitrification method

 Peng et al..RBM Online 2011 Live birth after transfer of a twice vitrified warmed
blastocyst that had undergone trophoectoderm biopsy

« James et al., RBM Online 2012 Vitrification of human embryos previously
cryostored by either slow freezing or vitrification results in high pregnancy
rates

« Cobo et al., F&S 2013 Outcome of cryotransfer of embryos developed from
vitrificed oocytes: double vitrification has no impact on delivery rates

 Greco et al., Springerplus. 2015 Successful implantation and live birth of a
healthy boy after triple biopsy and double vitrification of oocyte-embryo-
blastocyst.
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Saglik Bakanligi
UREMEYE YARDIMCI TEDAViI UYGULAMALARI VE UREMEYE
YARDIMCI TEDAVIi MERKEZLERI HAKKINDA YONETMELIK

BESINCi BOLUM

Hizmet Sunumuna iliskin Diger Esaslar

Ureme hiicreleri ve gonad dokularinin saklanma kriterleri
MADDE 20

(5) Adaylardan fazla embriyo elde edilmesi durumunda eslerden her ikisinin rizasi alinarak embriyolar dondurulmak suretiyle
saklanir. Saklama stiresinin bir yili agsmasi halinde her yiIl embriyonun saklanmasi icin ¢iftler mutlaka basvuruda bulunarak
taleplerinin devam ettigini ifade eden imzali dilekge vermelidir. Eslerin birlikte talebi, eslerden birinin 6limu veya bosanmanin
hikmen sabit olmasi halinde ya da belirlenen sire son buldugunda saklanan embriyolar midurlikte kurulacak komisyon
tarafindan tutanak altina alinarak imha edilir.

(6) Bu maddenin ikinci ve Gguncu fikralarinda belirtilen numuneler, merkezlerde en fazla bes yil stireyle saklanir. Bes yildan
fazla saklanmasi Bakanligin iznine tabidir. Saklanan numunelerin degerlendirmeleri, sayimlari ve tekrar kullaniimasini
engelleyecek sekilde imhasi ilgili midurluk binyesinde kurulacak komisyon marifetiyle yapilr.

(7) Merkezlerde saklanan dondurulmus embriyo ve/veya gonad dokusu/hlicresi,

a) Embriyo icin eslerin birlikte, gonad dokusu/hlcresi sahibinin ise bireysel olarak her iki merkeze yazilibagvuruda
bulunmasi,

b) Embriyo ve/veya gonad dokusu/hticresinin teslim edildigi ve teslim alindigina dair yazili olarak midurltge bildirimde
bulunulmasi,

c¢) Transferin tim sorumlulugunun ve Ucretinin talep edene ait olmasi,
¢) Transfere ait teknik donanim ve altyapinin transferin gerceklestirilecegi merkezce saglanmasi,

d) Transferin gergeklestirilecegdi tankin transfer edilecek materyalin saklandigi merkez tarafindan mihirlenmesi ve
materyalin teslim alindigi merkez tarafindan muihrin kontrol edilerek kendileri tarafindan acgildiginin tutanak altina alinmasi,

halinde yurtigindeki baska bir merkeze transfer edilebilir.
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