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Since the first IVF child was born in 1978, more than 10 million children have been born through various 

assisted reproductive technologies. Although the first child was born from a frozen embryo in 1983, 

cryopreservation began to have a more significant impact in the early 2000s, thanks to vitrification 

techniques and improvements that enable the extension of embryo culture up to day 5–7 of development. 

Together, these two advancements have led to significantly improved embryo selection and higher post-

cryopreservation survival rates—up to 99% (Rienzi et al., 2017). Consequently, pregnancy and live birth rates 

after cryopreservation are now as high as those after fresh embryo transfer, and the number of frozen cycles 

has exceeded fresh embryo transfers in many countries. 

Furthermore, embryo cryopreservation has facilitated single embryo transfers, as surplus embryos can be 

efficiently stored for later use. This has aided the reduction of multiple pregnancies to a minimum in countries 

where single embryo transfer has been implemented as the standard of care, which mirrors the background 

population rate of 2–3% (although today, the average multiple birth rate after ART in Europe is 12.2%) 

(European IVF Monitoring Consortium (EIM) for the European Society of Human Reproduction and 

Embryology (ESHRE), 2023). This contrasts with multiple birth rates of up to 30% that were seen at the 

beginning of the IVF era. The single embryo transfer policy has resulted in a significant reduction in preterm 

birth rates within the IVF population and, importantly, the rate of cerebral palsy has decreased from an 

incidence that was 2–3 times higher than the general population to comparable levels (Spangmose et al., 

2021).

A positive consequence of vitrification, along with refined ART treatment protocols, is that ovarian 

hyperstimulation syndrome (OHSS) can be eradicated by applying ovarian stimulation using a GnRH 

antagonist (short protocol) with a GnRH agonist to trigger ovulation in combination with a ‘freeze-all’ strategy 

(Blockeel et al., 2019). Postponing embryo transfer to a cycle without ovarian stimulation results in a dramatic 

reduction in the prevalence of OHSS (Devroey et al., 2011), which has been a game-changer for people 

undergoing ART treatment and has greatly improved safety profiles.

Additionally, reproductive medicine has greatly benefited from preimplantation genetic testing for 

aneuploidies (PGT-A), which is routinely performed in freeze-all cycles without compromising embryo 

survival rates. While the generic use of PGT-A remains controversial, its effectiveness has been largely 

accepted for specific patient groups, such as women with recurrent pregnancy loss and recurrent 

implantation failure. With this combined PGT-A and freeze-all approach, miscarriage rates and time to live 

birth may be reduced. However, further studies are required to ensure that cumulative live birth rates are 

not affected, and to more strictly define other indications and limitations of this treatment strategy (ESHRE 

Add-ons working group, 2023; Human Fertilisation and Embryology Authority, 2024). 
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Unsurprisingly, the enthusiasm for new procedures associated with improved cryopreservation techniques 

has been overwhelming. Countless conferences have seen debates on ‘freeze-all for all’ and PGT-A and, in 

many settings, these two strategies in combination are now advocated as the ‘gold standard’. Nevertheless, 

nothing comes without a price—and cryopreservation of embryos is no exception. Recently, large cohort and 

international register studies have shown that the risks of preeclampsia and large-for-gestational age babies 

are significantly higher in pregnancies after freezing and thawing of embryos, compared with fresh embryos, 

in maternal factor-controlled sibling embryo studies (Petersen et al., 2023). Furthermore, frozen embryo 

transfer (FET) protocols with hormone replacement therapy (sequential estradiol and progesterone) named 

artificial cycle FET (AC-FET), which prepares the endometrium without ovulation—thus, in the absence of a 

corpus luteum—further increases this risk of preeclampsia (Zaat et al., 2023). AC-FET has been used 

extensively owing to its convenience for laboratory and clinic scheduling of embryo thawing and transfer, as 

opposed to natural FET cycles where scheduling is led by the detection of ovulation with repeated LH-

measurements or ultrasound monitoring of the maturing follicle (Løssl et al., 2023).

Recently, two large cohort studies based on national registry data in France and the Nordic countries 

(including 260,236 and 171,774 ART children, respectively) have shown a higher risk of cancer, particularly 

leukemia, in children born after FET (Sargisian et al., 2022; Rios et al., 2024). The incidence rate was 30.1 for 

FET and 18.8 for fresh embryo transfer per 100,000 children in comparison to 16.7 per 100,000 children in 

naturally conceived children within the Nordic population. This gives an adjusted risk that is 1.65-fold higher 

for FET compared with the background Nordic population. This is very similar to the 1.61-fold increased risk 

that was reported within the French population. However, these risks are based on small absolute numbers 

and should be interpreted with caution. While cryopreservation of embryos is an essential element of ART 

treatment, the findings from these large studies suggest that a mindful and cautionary approach towards 

freeze-all practices should be taken, such that they are only used where clearly indicated. 

Continuous surveillance of the short and long-term consequences of ART treatments should be prioritized by 

healthcare authorities, and should be based on the collection and analysis of data collected by the HFEA 

(Human Fertilisation and Embryology Authority) in the UK, the BELRAP (Belgian Register for Assisted 

Procreation) in Belgium, the FIVNAT (Fécondation In Vitro National) in France, and the Swedish and Danish 

quality registries on ART (now being implemented in Norway). This will enable us to survey and assess the 

consequences of ART and develop strategies to increase the safety and effectiveness of treatments 

thereafter (Pinborg et al., 2023). 

Reproductive medicine is a relatively new specialty in the medical field, and people suffering from infertility 

will go to great lengths to fulfil their dream of having a child. Therefore, we have a responsibility to survey 
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the treatments and new technologies available and only use them by indication. Recommendations and 

guidelines have been developed by authorities in the UK (HFEA) and on behalf of ESHRE to try to curb the 

increased use of non-evidence-based treatments: the so called ‘add-ons’ (ESHRE Add-ons working group, 

2023; Human Fertilisation and Embryology Authority, 2024). The financial factor is significant and, as ART is 

mostly performed without governmental reimbursement, there is pressure from many stakeholders 

including patients who want to have a child, their families, health authorities, government and fertility clinic 

financial investors—to whom ART is a business. This may influence decisions on treatment strategies. 

In conclusion, considering the risk profiles associated with cryopreservation of embryos highlighted by large 

cohort studies, cryopreservation should be used for storing surplus embryos, in cases of high risk of OHSS, or 

if PGT-A is indicated, but a ‘freeze-all’ approach should not be universally applied during ART treatment.
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