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• Aim of ART

• Traditional IVF

• Fresh versus FET: clinical and safety outcomes

• Current evidence on freeze all strategy for normal responders

ART, assisted reproductive technology; FET, frozen embryo transfer; 
IVF, in vitro fertilization.

Outline



• Maximise success

• Healthy live birth

• Safety to the mother

• Long-term health implications of IVF
conceived children
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Aim of IVF
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Ultrasound-guided oocyte retrieval image reproduced from Edris F, et al. Gynecol Obstet (Sunnyvale). 2014;4:214.

Traditional IVF

Embryo transfer in a fresh IVF cycle

Ultrasound-guided 
oocyte retrieval



Higher risk of adverse 
obstetric and perinatal 
outcomes following IVF/ICSI 
compared to spontaneous 
conceptions

AH, antepartum haemorrhage; ICSI, intracytoplasmic sperm injection; 
NICU, neonatal intensive care unit; RR, risk ratio; PPROM, preterm 
premature rupture of membranes. Pandey S, et al. Hum Reprod Update. 2012;18:485–503.

Outcome

IVF/ICSI
conceptions, 

n

Overall effect 
(RR, 95% CI), 

fixed effect

APH 20,807 2.49 (2.30–2.69)

Congenital anomalies 4382 1.67 (1.33–2.09)

Hypertensive disorders 
of pregnancy

16,923 1.49 (1.39–1.59)

PPROM 14,141 1.16 (1.07–1.26)

Caesarean Section 12,950 1.56 (1.51–1.60)

Birthweight <2500 g 28,352 1.65 (1.56–1.75)

Birthweight <1500 g 27,105 1.93 (1.72–2.17)

Perinatal mortality 14,054 1.87 (1.48–2.37)

Delivery at <37 weeks 27,819 1.54 (1.47–1.62)

Delivery at <32 weeks 24,170 1.68 (1.48–1.91)

Transfer to NICU 3530 1.58 (1.42–1.77)

Gestational diabetes 13,399 1.48 (1.33–1.66)

Induction of labour 3557 1.18 (1.10–1.28)

Small for gestation age 13,207 1.39 (1.27–1.53)



• Longitudinal cohort study

• 459,623 women with singleton live 

births in Massachusetts from    

Jul 2004–Dec 2010

• Fertile – 441,420

• Subfertile – 8,054

• IVF – 10,149

ARR, adjusted risk ratio. Luke B, et al. Am J Obstet Gynecol. 2017;217:327.e1–327.e14.

Higher risk of pregnancy complications in subfertile (vs fertile) women and 
IVF-treated (vs subfertile and fertile) women

Outcome
Fertility 
group %

Fertile reference
Subfertile 
reference

ARR 95% CI ARR 95% CI

Gestational diabetesb

Fertile 5.6 1.00 Reference 0.63 0.42–0.93

Subfertile 8.5 1.60 1.08–2.36 1.00 Reference

IVF 8.2 1.41 0.85–2.34 0.89 0.72–1.09

Pregnancy hypertensionc

Fertile 8.6 1.00 Reference 0.89 0.83–0.96

Subfertile 10.2 1.12 1.05–1.20 1.00 Reference

IVF 12.6 1.22 1.15–1.28 1.08 1.00–1.18

Uterine bleeding

Fertile 0.6 1.00 Reference 0.60 0.48–0.75

Subfertile 1.0 1.67 1.33–2.09 1.00 Reference

IVF 2.6 3.80 3.31–4.36 1.08 1.77–2.93

Placental complications

Fertile 1.7 1.00 Reference 0.69 0.60–0.80

Subfertile 2.7 1.44 1.26–1.66 1.00 Reference

IVF 5.2 2.81 2.57–3.08 1.95 1.67–2.28



Neonatal 
outcomes

Adverse outcomes were > in IVF-treated (vs subfertile and fertile) women and 
in subfertile (vs fertile) women

Tables reproduced from Luke B, et al. Am J Obstet Gynecol. 2017;217:327.e1–327.e14

Neonatal outcomes



Systematic review and meta-analysis

• Underlying infertility

• ART procedures and techniques

• Epigenetic modification of embryos

• Ovarian stimulation

• Embryo culture

• Cryopreservation

Pinborg A, et al. Hum Reprod Update. 2013;19:87–104.

Why do singletons conceived after ART have adverse 
perinatal outcome?



Singleton births PTB: <37 weeks 

GnRH, gonadotropin-releasing hormone; M-H, Mantel-Haenszel model; PTB, pre-term birth.
Table and figure reproduced from Kamath MS, et al. Reprod Biomed Online. 

2018;36:94–101.



LBW: <2500 grams

Higher risk of PTB and LBW with stimulated vs natural cycle or modified 
natural cycle IVF although the absolute increase in risk may be low

LBW, low birthweight.
Table and figure reproduced from Kamath MS, et al. Reprod Biomed Online. 

2018;36:94–101.



Figures reproduced from Sunkara SK, et al. Hum Reprod. 2015;30:1473–8.

Ovarian response and perinatal outcomes following IVF

PTB LBW

Early PTB Very LBW



Increased risk only with >20 oocytes

Note: Reference group of 10–15 oocytes is generally considered as the 
appropriate response group following IVF Sunkara SK, et al. Hum Reprod. 2015;30:1473–8.

Risk Factor Odds Ratio 95% CI P-value

Number of oocytes retrieved

1–3 0.88 0.76–1.01 0.71

4–9 0.99 0.93–1.05 0.65

16–20 1.02 0.93–1.11 0.67

>20 1.15 1.03–1.28 0.01

Table 1. Relationship between risk factors and preterm 
birth (<37 weeks) following IVF

Table 2. Relationship between risk factors and low 
birthweight (<2500 g) following IVF

Risk Factor Odds Ratio 95% CI P-value

Number of oocytes retrieved

1–3 0.92 0.79–1.06 0.24

4–9 0.99 0.93–1.05 0.76

16–20 1.02 0.93–1.11 0.72

>20 1.18 1.06–1.31 0.003

Increased risk of preterm birth and low 
birthweight with very high number of 
oocytes following IVF: an analysis of 65 
868 singleton live birth outcomes



Comparison
Adjusted Odds 
Ratio (95% CI) P-value

Referent group E2 <500–1500 pg/ml (n=1929)

E2 1501–2000 pg/ml (n=858) vs referent 1.3 (0.3–2.6) 0.64

E2 2001–2500 pg/ml (n=669) vs referent 3.2 (0.2–4.3) 0.21

E2 2501–3000 pg/ml (n=385) vs referent 5.7 (1.6–7.6) 0.03

E2 3001–3500 pg/ml (n=163) vs referent 6.7 (1.4–9.7) 0.001

E2 3501–4000 pg/ml (n=58) vs referent 7.2 (1.9–9.8) <0.001

E2 >4000 pg/ml (n=9) vs referent 7.8 (2.1–9.9) <0.001

E2, supraphysiologic estradiol; hCG, human chorionic gonadotropin; 
VLBW, very low birthweight. Figure reproduced from Pereira N, et al. Hum Reprod. 2017;32:1410–7.

Supraphysiologic estradiol is 
an independant predictor of 
low birthweight in full-term 
singletons born after fresh 
embryo transfer
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Decline in LBR with >20 oocytes following fresh transfer

Figure reproduced from Sunkara SK, et al. Hum Reprod. 2011;26:1768–74.

Association between the number of eggs and live birth in 
IVF treatment: an analysis of 400 135 treatment cycles 



• Aggregated and cumulative meta-analysis

• 26 studies with a majority of cohort studies

• FET associated with lower risk of

• PTB RR 0.90; 95% CI 0.84–0.97

• LBW RR 0.72; 95% CI 0.67–0.77

• SGA RR 0.61; 95% CI 0.56–0.67

• FET associated with a higher risk of

• Hypertensive disorders in pregnancy RR 1.29; 95% CI 1.07–1.56

• HBW RR 1.85; 95% CI 1.46–2.33

• LGA RR 1.54; 95% CI 1.48–1.61

Note: PTB defined as birth <37 weeks 
LGA, large for gestational age; RR, risk ratio; SGA, small for gestational age. Maheshwari A, et al. Hum Reprod Update. 2018;24:35–58.

Fresh versus FET: obstetric and perinatal outcomes



OPR

CPR

Miscarriage 
rate 

CPR, clinical pregnancy rate; OPR, ongoing pregnancy rate. Tables and figures reproduced from Roque M, et al. Fertil Steril. 2013;99:156–62.

Fresh vs 
FET: 

pregnancy 
outcomes 



Aflatoonian A, et al. J Assist Reprod Genet. 2013;30:1245.



No ITT analysis!
ITT 

analysis

ITT, intention to treat. Table reproduced from Shapiro BS, et al. Fertil Steril. 2011;96:344–8.

0.2277
0.0607
0.0878



No significant difference in pregnancy outcomes

Table reproduced from Shapiro BS, et al. Fertil Steril. 2011;96:516–8.



LBR, live birth rate.
Table and figure reproduced from Wong KM, et al. Cochrane Database of Systematic 

Reviews. 2017;3.

LBR



IV, instrumental variables; SD. standard deviation.
Tables and figures reproduced from Wong KM, et al. Cochrane Database of Systematic 

Reviews. 2017;3.

Birthweight

OHSS



• Included 4 RCTs

• Clinical heterogeneity was observed between studies

• Pooled together studies included normal responders, hyper-responders and 
those with PCOS

• No sensitivity analysis based on response groups was carried out

• Further RCTs have been published,1 providing evidence since the Cochrane 
review

1. See following slides for RCTs in question
PCOS, polycystic ovary syndrome; RCT, randomized controlled trial. Wong KM, et al. Cochrane Database of Systematic Reviews. 2017;3.



Chen ZJ, et al. N Engl J Med. 2016;11;375:523–33.

Outcome

Frozen-Embryo 
Transfer
(N=746)

Fresh-Embryo 
Transfer
(N=762)

Absolute 
Difference 

between Groups
(95% CI)

Rate Ratio in 
Frozen-Embryo 

Group 
(95% CI) P-value

Primary outcome: 
live birth — no. (%)†

368 (49.3) 320 (42.0) 7.3 (2.3–12.4) 1.17 (1.05–1.31) 0.004

Singleton 250 (33.5) 212 (27.8) 5. 7 (1.0–10.3) 1.20 (1.03–1.40) 0.02

Twin 117 (15.7) 108 (14.2) 1.5 (–2.1–5.1) 1.11 (0.87–1.41) 0.41

Triplet‡ 1 (0.1) 0



• Multicentre RCT

• 2,157 ovulatory women with infertility undergoing 1st IVF±ICSI

• Fresh versus FET

ICSI, intracytoplasmic sperm injection. Shi Y, et al. N Engl J Med. 2018;378:126–36. 



Shi Y, et al. N Engl J Med. 2018;378:126–36. 

Characteristic

Frozen-Embryo 
Group

(N=1077)

Fresh-Embryo 
Group

(N=1080)

Age — yr 28.5±3.0 28.4±3.1

Body-mass index‡ 22.0±3.0 1079 22.2±3.1

Antral follicle count in both ovaries 1053 15.6±5.2 1050 15.4±5.2

No. of oocytes retrieved 12.5±5.1 12.3±5.2

No. of good-quality embryos on day 3 5.0±3.5 4.9±3.5

Timing of embryo transfer — no./total no. (%)§

Day 2 28/1028 (2.7) 35/1048 (3.3)

Day 3 944/1028 (91.8) 965/1048 (92.1)

Day 5 56/1028 (5.4) 48/1048 (4.6)

No. of embryos transferred

Mean 1028 1.9±0.3 1048 1.9±0.2



Tables reproduced from Shi Y, et al. N Engl J Med. 2018;378:126–36. 



• Single centre RCT

• 782 infertile women without PCOS undergoing 1st or 2nd IVF±ICSI

• Fresh versus FET at cleavage stage (Day 3)

Vuong LN, et al. N Engl J Med 2018;378:137–47.



Characteristic
Frozen-Embryo Group

(N=391)
Fresh-Embryo Group

(N=391)

Age — yr 32±4 32±4

Body-mass index† 20.8±2.2 20.8±2.2

Anti-Müllerian hormone — ng/ml 5.0±3.2 5.2±3.3

No. of oocytes retrieved 13±6 13±5

No. of metaphase II oocytes 10±5 10±4

No. of two-pronuclear fertilised oocytes 8±4 9±4

No. of cleavage embryos 6±3 7±3

No. of embryos transferred 2.0±0.1 2.0±0.1

†The body-mass index is the weight in kilograms divided by the square 
of the height in meters; yr, year Vuong LN, et al. N Engl J Med 2018;378:137–47.



Primary outcome

Table reproduced from Vuong LN, et al. N Engl J Med 2018;378:137–47.



Table reproduced from Vuong LN, et al. N Engl J Med 2018;378:137–47.

Fresh versus FET: obstetric and perinatal outcomes



Coates A, et al. Fertil Steril. 2017;107:723–30.e3.



PGS, pre-implantation genetic screening. Coates A, et al. Fertil Steril. 2017;107:723–30.e3..

Fresh versus FET: PGS

Day 6 fresh embryo transfer vs frozen transfer of euploid embryo 

Ongoing pregnancy and LBR significantly higher in the frozen transfer group

Outcome in the ITT population

Characteristics
Fresh ET
(n=88)

Frozen ET
(n=91) P-value

Embryo transfer rate/cycle 61/88 (69.3) 69/91 (75.8) 0.40

No. of embryos transferred, mean (SD) 1.4 (0.5) 1.5 (0.5) 0.27

Ongoing pregnancy 36/88 (40.9) 57/91 (62.6) <0.01

Live birth 35/88 (39.8) 56/91 (61.5) <0.01

Implantation rate (total no. of gestational 
sacs/total no. of embryos transferred)

58/86 (67.4) 79/104 (76.0) 0.19



Acharya K, et al. Fertil Steril. 2018



ET, embryo transfer; PET, per embryo transfer; PTC, per treatment 
cycle.

Graphs reproduced from Human Fertilisation and Embryology Authority (HFEA). Fertility 
treatment 2014–2016. Trends and figures. March 2018. Available at: 

https://www.hfea.gov.uk/media/2544/hfea-fertility-treatment-2014-2016-trends-and-
figures.pdf - Accessed April 2018

National trends: UK

The increase in the use of frozen cycles is most likely due to a range of factors, including improvements in 
freezing processes and the increased uptake in single ET to reduce the number of multiple births

https://www.hfea.gov.uk/media/2544/hfea-fertility-treatment-2014-2016-trends-and-figures.pdf


• Increasing numbers of FET cycles worldwide

• Significantly improved cryopreservation techniques contributing to improved 
FET results

• Clinical outcomes when comparing fresh transfer vs FET

• Comparable, higher LBR in normal responders with fresh transfer vs FET

• Decline in LBR, higher risk of PTB and LBW with very high oocyte numbers in 
fresh cycles 

• Higher LBR with FET vs fresh transfer in women with PCOS, hyper responders

• Significant reduction in OHSS with FET

PTB, pre-term birthweight. 

Conclusion (1)



• Lower birth rate with fresh vs FET in the context of 2:0 PGS/PGT-A

• Higher risk of SGA and lower birth weight following fresh transfers; however, 
implications uncertain

• Clinical scenario, patient compliance, cost-effectiveness to be considered 
when deciding 1st line treatment

• Shorter TTLB with fresh transfer over FET in normal responders (when PGT-A 
is not used)

• Shorter TTLB with FET when PGT-A is used

PGT-A, pregenetic testing for aneuploidy; SGA, small for gestational 
age; TTLB, time to live birth.

Conclusion (2)
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