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Neonatal outcome after fresh 
versus frozen embryo transfer 
in normogonadotropic healthy 
young women undergoing IVF

Purpose. To assess if the frozenthawed embryo transfer 
(FET) results in better birth outcomes than fresh embryo 
transfer (ET). Methodology. Our retrospective study 
in volved women undergoing in vitro fertilization (IVF) 
between 2017 and 2019 using autologous eggs and having 
a singleton pregnancy delivered from the 37th week onward 
at an IVF centre in TârguMureş. The study included 121 and 
95 patients with fresh and frozen embryo transfer, res pec
tive ly. Furthermore, patients with normal BMI, nonsmokers 
and aged under 40 years old were included. We compared 
the rates of mean birth weight, low birth weight (LBW <2.5 
kg) and high birth weight (HBW>4 kg), after fresh versus 
fro zen embryo transfer in normogonadotropic healthy 
young women undergoing IVF. Results. The mean neonatal 
birth weight was higher after FET than after ET (3316 g FET 
ver sus 3154 g ET). The result of the trial suggested that the 
FET protocol was associated with significantly lower rates of 
LBW (16.8% FET versus 21.4% ET; p<0.05) and with higher 
rates of macrosomia (5.2% FET versus 0.8% ET; p<0.03) 
than the fresh ET protocol. The assessment of 216 babies 
showed no statistically significant difference in the mode of 
de li very (Csection versus vaginal birth) and sex of live born 
between the two study groups. Conclusions. The risk of 
high birth weight following frozen/thawed embryo transfer 
was greater than that following fresh embryo transfer, but 
the risk of low birth weight among frozen/thawed embryo 
transfer neonates was significantly decreased in comparison 
with fresh embryo transfer neonates.
Keywords: frozen thawed embryo transfer, fresh embryo 
transfer, neonatal outcome, young women

Scop. A evalua dacă transferul de embrioni congelați (FET) are 
efecte benefice asupra greutății nounăscutului, comparativ 
cu transferul de embrioni fresh (ET). Metodologie. Studiul 
nostru retrospectiv a implicat femei care au avut fertilizare 
in vitro (FIV) între 2017 și 2019, cu ovocite proprii, în Clinica 
de fertilizare Zygota din TârguMureș. Criterii de includere: 
paciente cu sarcină monofetală, care au născut la termen 
(după săptămâna 37 de gestație), cu indice de masă corporală 
normal, nefumătoare și cu vârsta sub 40 de ani. Studiul a inclus 
121 de sarcini unice după ET și 95 de sarcini unice după FET. Am 
comparat ratele de greutate medie la naștere, greutate mică la 
naștere (<2,5 kg) și greutate mare la naștere (>4 kg), după ET 
sau FET, la paciente normogonadotrope, tinere și sănătoase. 
Rezultate. Greutatea medie la naștere a fost mai mare după 
FET decât după ET (3316 g FET versus 3154 g ET). Rezultatul 
studiului a sugerat că protocolul FET a fost asociat cu rate 
semnificativ mai mici de greutate scăzută (16,8% FET versus 
21,4% ET; p<0,05) și cu rate mai mari de macrosomie (5,2% 
FET versus 0,8% ET; p<0,03), comparativ cu ET. Evaluarea a 216 
nounăscuți nu a arătat nicio diferență semnificativă statistic 
privind metodele de naștere (naștere prin cezariană sau naștere 
normală) sau sexul nounăscutului între cele două grupuri de 
transfer. Concluzii. Riscul de greutate mare la naștere în urma 
FET a fost mai mare decât cel după ET, dar riscul de greutate 
scăzută la naștere, dintre nounăscuții din grupul FET, a fost 
semnificativ redus în comparație cu nounăscuții din grupul ET.
Cuvinte-cheie: transfer de embrioni congelați, transfer de 
embrioni fresh, rezultat neonatal, femei tinere
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Introduction
The application of in vitro fertilization (IVF) began 40 

years ago(1). Daniel, the first IVF baby in Romania, was 
born 20 years later, in 1996. Romania was one of the 
tenderfoots to IVF in Europe because of its history of re-
pressive reproductive policies(2). In vitro fertilization gen-
erally involves ovarian stimulation to produce a number 

of oocytes, followed by fertilization and fresh embryo 
transfer (ET), with surplus embryos frozen for transfer 
in subsequent cycles. Traditionally, IVF has involved 
the transfer of fresh embryos(3). Over the most recent 
decades, the use of frozen embryo transfer (FET) cycles 
has dramatically risen, including an 82.5% increase in 
use in the US between 2006 and 2012(4).
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The primary reasons underlying the increasing trends 
for “freeze-all” are:
	n Vitrification technology has become the dominant 
method used for embryo cryopreservation, significantly 
increasing the embryo cryosurvival rate compared with 
slow-freezing(1). Vitrification, the alternative of tradi-
tional freezing for cryopreservation of embryos and 
oocytes, is regarded as a radical approach that totally 
eliminates ice formation and minimizes chilling injury, 
especially when the minimum volume – direct contact 
principle is applied(5). The first purposedly developed 
carrier tool, the Open Pulled Straw (OPS), has been used 
successfully in many species including humans. The 
special advantages of the OPS are the simple loading 
and expelling, the relative robustness, the consistent 
outcome and the possibility for sterile storage(6).
	n The freeze-all strategy is an approach that can be used 
to prevent ovarian hyperstimulation syndrome (OHSS).
	n Cryopreservation of embryos allows avoiding the 
detrimental effects of high-dose hormones used for 
ovarian stimulation on the endometrium. Additio-
nally, the improved embryo-endometrium synchrony 
improves the chances of embryo implantation.
	n A wide variety of research has confirmed that FET 
may lead to more favourable perinatal and neonatal 
outcomes, reducing the risk of preterm birth and 
lower birth weight (LBW). However, FET has also 
been linked to large singleton infants, with increased 
rates of macrosomia and large-for-gestational-age(7,8,9).
The aim of the present study was to assess if the fro-

zen-thawed embryo transfer (FET) results in better birth 
outcomes than fresh embryo transfer (ET).

In this study, we analyzed data from the IVF Centre of 
Târgu-Mureş for the following parameters: term, single-
ton infants, born between 2017 and 2019, following either 
ET or FET. We also examined the interaction between 
infant sex and frozen/thawed embryo transfer to deter-
mine if birth weight effects varied based on infant sex.

Materials and method
This retrospective study involved women undergoing 

in vitro fertilization between 2017 and 2019 using au-
tologous eggs with singleton pregnancy delivered from 
the 37th week onward. Another inclusion criterion of 
the study was the normal BMI. The exclusion criteria 
included: cycles using donor oocytes or embryos, those 
in which the female patient was >40 years old at cycle 
start, cycles with missing data on infant sex and birth 
weight. Smokers were excluded as well.

Fetal macrosomia has been defined in several different 
ways, including birth weight greater than 4000-4500 g or 
greater than 90% for gestational age. In our study, birth 
weight was categorized as low (birth weight less than 2.5 
kg) or high (birth weight greater than 4 kg).  However, the 
risks associated with fetal macrosomia increase greatly 
when birth weight is more than 4,500 grams.

Our analysis restricted to cycles initiated from 2017 
onwards to cover the time period when vitrification of 
embryos was increasingly adopted by our IVF laboratory 
as the standard practice. By applying these criteria, we 
found eventually 121 and 95 patients who underwent 
ET and FET, respectively. 

All statistical analyses were performed using PAST 
4 software, version 4.01. The differences were regarded 
significant with p values <0.05.

Results
We reviewed 216 women for the study period of two 

years. Maternal age was higher in the FET group than 
in the ET group (32.1 FET versus 31.9 ET).

The mean neonatal birth weight was higher for sin-
gletons born after FET than for singletons born after ET 
(3316 g FET versus 3154 g ET). The result of the trial sug-
gested that the FET protocol was associated with lower 
rates of low birth weight (16.8% FET versus 21.4 % ET; 
p<0.05) and higher rates of high birth weight (5.2% FET 
versus 0.8% ET; p<0.03) than the ET protocol. 
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Figure 1. Neonatal 
outcomes in live 
singleton birth  
after ET and FET
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The assessment of 216 babies showed no statistically 
significant difference in the mode of delivery (42% C-
section FET versus 43% C-section ET; p<0,375) and sex 
of live born between the two study groups (49.2% male 
infants FET versus 49.3% male infants ET; p<0.510).

Discussion
In this study we compared neonatal outcomes after FET 

with ET cycles, and our findings confirm that FET may lead 
to lower risks of low birth weight and to a higher neonatal 
birth weight than ET. A higher birth weight, lower rates of 
LBW and small-for-gestational-age (SGA), and higher rates 
of macrosomia and large-for-gestational-age (LGA) of sin-
gletons born after FET have been reported multiple times. 
For example, in a large Nordic cohort study, singletons born 
after FET had a lower risk of preterm birth (PTB), low birth 
weight, very PTB, and very PTB plus small-for-gestational-
age than singletons born after ET(10). Additionally, more 
favorable neonatal outcomes via FET, including LBW and 
SGA rates, have been reported(11,12). 

Only few studies have compared perinatal and maternal 
outcomes after vitrification and slow-freeze. According to 
some recent retrospective cohort studies, embryo vitrifica-
tion was not associated with increased risks of low birth 
weight, small-for-gestational-age, large-for-gestational-age 
and macrosomia, as compared to slow-freezing(13,14).

Similar to Wennerholm et al. findings, in the current 
study we did not find any difference in sex ratio (male/
female) between fresh cycle and FET group(15).

As far as we know, this is the first study of this type 
in Romania. The results of our study should be evaluated 
in the light of several limitations: this is a retrospective, 
small study from a single center, so a well-designed, pro-
spective, randomized study with higher sample size is 
needed in the future to confirm our current findings. The 
information regarding pregnancy-related complications 

was unavailable. Maternal pregnancy-related complica-
tions, such as gestational hypertension and diabetes, can 
affect neonatal outcomes, such as neonatal weight, LBW, 
SGA, and large-for-gestational-age(16-18). Thus, whether 
poor neonatal outcomes – including LBW and high birth 
weight – are due to pregnancy-related complications or to 
differences in the type of ET technique used is unknown. 

Conclusions
Our results indicate that the risk of high birth weight 

following frozen/thawed embryo transfer was greater 
than that following fresh embryo transfer, but the risk of 
low birth weight among frozen/thawed embryo transfer 
infants was significantly decreased in comparison with 
fresh embryo transfer infants.

The basic pathophysiology of increased risk of large-
for-gestational-age and high birth weight in FET single-
tons remains uncertain. Several possible elements may 
additionally play a role – i.e., the parental characteristics, 
as well as the freezing-thawing procedures per se, which 
might induce epigenetic changes during early embryonic 
stages that alter the intrauterine growth capacity in FET 
offspring(19).

We should comprehensively inform patients about 
the advantages, disadvantages and the potential risks 
related to embryo cryopreservation(20,21).   n
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