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Abstract

Background: The use of assisted reproductive technologies, particularly frozen embryo transfer
(FET), has become increasingly prevalent as a means to address infertility. This study aimed to
evaluate the success rate, delivery type, and neonatal outcomes following FET in hormonally
prepared cycles within a single tertiary center. Methods: We conducted a retrospective analysis of
275 women who underwent FET. Patient age, infertility factors, pregnancy outcomes, delivery type,
and neonatal data—including birth weight and Apgar scores—were analyzed descriptively.
Results: Pregnancy was achieved in 28.0% of FET cycles, with a singleton rate of 97.3%. Term births
represented 70.7% of pregnancies, and cesarean delivery occurred in 29.3% of cases. Neonatal
outcomes were favorable: in singleton pregnancies, 89.3% of newborns had a birth weight between
2,500-4,000g, and all neonates exhibited Apgar scores =7 at both one and five minutes. Multiple
pregnancies were uncommon (2.7%) but associated with a higher frequency of low birth weight
(<2,500g). Conclusion: FET is a safe and effective strategy for achieving pregnancy, with high rates
of singleton gestations and positive perinatal outcomes. However, the retrospective, single-center
design and limited sample size constrain the generalizability and the ability to assess rare outcomes.

Keywords: frozen embryo transfer; infertility; assisted reproduction; obstetric outcomes; perinatal
outcomes

1. Introduction

Infertility is a growing global health concern, affecting approximately 15% of couples of
reproductive age and posing significant medical, psychological, and social challenges. According to
the World Health Organization (WHO), infertility is recognized not only as a disease but also as a
public health priority, given its emotional burden and increasing prevalence worldwide. [1]

Over the past two decades, assisted reproductive technologies (ART) have evolved rapidly, with
frozen embryo transfer (FET) emerging as a cornerstone technique. FET allows for the optimal use of
surplus embryos generated during in vitro fertilization (IVF) cycles and offers several clinical
advantages, including improved endometrial synchronization, reduced risk of ovarian
hyperstimulation syndrome (OHSS), and better reproductive planning. Recent evidence also
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suggests that deferred embryo transfer may be associated with higher cumulative live birth rates
compared to fresh transfer in certain populations [2].

Programmed FET cycles, which rely on hormone replacement therapy (HRT) for endometrial
preparation, are particularly advantageous in clinical settings requiring cycle scheduling flexibility
and precise embryo-endometrium timing. However, concerns remain regarding potential obstetric
and perinatal risks associated with artificial endometrial preparation. Several studies have indicated
a higher incidence of hypertensive disorders of pregnancy, abnormal placentation, and increased
rates of cesarean delivery in programmed FET cycles [3,4]. In contrast, other data suggest that FET
may reduce the risk of small-for-gestational-age (SGA) infants and prematurity when compared to
fresh transfers [5,6].

Moreover, advances in cryopreservation techniques, particularly vitrification and re-
cryopreservation, have enhanced embryo survival and pregnancy outcomes, but there is still debate
on their impact on long-term neonatal health [7]. Studies published in the past three years emphasize
the importance of individualized protocols based on maternal characteristics, previous ART
outcomes, and embryo quality to improve both safety and efficacy [3-5].

Despite the extensive use of FET worldwide, there remains a need for local and context-specific
data to assess how these outcomes translate into real-world clinical settings. Differences in
population demographics, healthcare protocols, and ART access can significantly influence
reproductive success and perinatal outcomes.

This study aimed to evaluate obstetric and neonatal outcomes following hormone-programmed
FET cycles in a Spanish tertiary hospital during 2023, providing data that can be compared to
international findings and inform future clinical guidelines. Additionally, it seeks to identify
potential areas for improvement in embryo transfer protocols and contribute to the optimization of
ART-related maternal and neonatal care.

2. Materials and Methods

2.1. Study Design

This study was designed as a retrospective observational cohort analysis based on clinical
records from the Regional University Hospital of Malaga, a tertiary-level institution with a
specialized reproductive medicine unit. It included all frozen embryo transfer (FET) cycles performed
between January 1 and December 31, 2023.

The study protocol was developed in accordance with the principles of the Declaration of
Helsinki and received approval from the Ethics Committee of the Provincial Centre of Malaga
(Protocol Code: 2024-003215; Approval Date: January 22, 2025). All data were fully anonymized, and
confidentiality was guaranteed throughout the data collection and analysis process.

2.2. Study Population

The study population comprised women who underwent programmed FET cycles using
hormone replacement therapy (HRT) for endometrial preparation. Embryos were previously
cryopreserved via vitrification and transferred at the blastocyst stage.

Inclusion criteria:

e Age =18 years.

e  FET performed in hormonally prepared artificial cycles.

e  Confirmation of clinical pregnancy by positive serum 3-hCG followed by ultrasonographic
visualization of an intrauterine gestational sac.

Exclusion criteria:

e  Use of other assisted reproductive techniques (e.g., intrauterine insemination, fresh embryo
transfer).

e  Presence of active or uncontrolled infections (HIV, hepatitis B/C, syphilis).

e  Uterine anatomical abnormalities incompatible with gestation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0589.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 August 2025 d0i:10.20944/preprints202508.0589.v1

3of 8

e  Embryo transfers canceled due to endometrial asynchrony, endometrial cavity fluid, or technical
failure during thawing.
These criteria were intended to ensure a homogeneous sample and to allow the isolated
evaluation of outcomes derived specifically from hormone-prepared FET.

2.3. Variables and Data Collection

Clinical data were retrieved from the hospital’s electronic medical record system (DIRAYA) and
cross-validated by two independent researchers. The following variables were collected and
categorized:

° Maternal characteristics: age at time of embryo transfer (stratified as <30, 30-35, and >35 years),
and primary infertility etiology (male, ovarian, tubal, uterine, mixed, unexplained, single-
parent/LGBTQ+, other).

e FET cycle outcomes: embryo transfer result (clinical pregnancy, no pregnancy, miscarriage
before 20 weeks, or canceled cycle), number and quality of embryos transferred (where
available), and endometrial thickness before progesterone initiation.

e  Pregnancy-related data: gestational type (singleton or multiple), gestational age at delivery
(term =37 weeks, preterm <37 weeks, very preterm <32 weeks), and mode of delivery
(spontaneous vaginal, operative vaginal, or cesarean section).

¢ Neonatal outcomes: birth weight (categorized as <2500 g, 2500-4000 g, >4000 g), Apgar scores at
1 and 5 minutes, and neonatal intensive care unit (NICU) admission when documented.

All data were de-identified and stored in a secure, password-protected database. Missing or
incomplete data were treated through listwise deletion given the non-inferential, descriptive nature
of the study.

2.4. Statistical Analysis

Descriptive statistical analysis was conducted using IBM SPSS Statistics (version 27.0, IBM
Corp., Armonk, NY, USA). Categorical variables were presented as absolute frequencies and
percentages. Continuous variables were summarized using mean * standard deviation (SD) or
median with interquartile range (IQR), depending on the normality of distribution, assessed via the
Shapiro-Wilk test.

No inferential testing was conducted, as the primary objective was to describe the clinical profile
and outcomes of programmed FET cycles. Exploratory comparisons were performed to detect
patterns or associations that could inform future hypothesis-driven studies.

3. Results

3.1. Population Characteristics

A total of 275 women were included in the study. Most participants were over 30 years old, with
the largest proportion corresponding to the >35 years age group (45.1%), followed closely by those
aged 30-35 years (44.4%). Women under 30 years represented a minority (10.5%). These data
highlight that the study population predominantly comprised women of advanced reproductive age.

Table 1. Age Distribution. Percentage distribution of patients (n = 275) by age group.

Age Group N %
<30 years 29 10.50%
30-35 years 122 44.40%
>35 years 124 45.10%
Total 275 100%
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3.2. Etiology of Infertility

The most frequent etiology of infertility among the 275 women included in the study was male
factor (41.7%), followed by mixed factor (24.7%). Ovarian factor accounted for 9.5% of cases, while
single-parent/LGBTQ+ couples represented 7.6%. The origin of infertility was unknown in 8.7% of
patients. Other less common causes included gynecological pathologies (4.7%), tubal factor (0.7%),
and uterine factor (0.4%). These findings indicate that male and mixed etiologies predominate in this
cohort.

Table 2. Etiology of infertility. Frequency and percentage of the main etiological factors of infertility in the total
sample (n=275). Male factor was the most common cause, followed by mixed factor.

Cause N %
Male factor 115 41.70%
Mixed factor 68 24.70%
Ovarian factor 26 9.50%
Single-parent/LGBTQ+ couple 21 7.60%
Unknown cause 24 8.70%
Gynecological pathologies 13 4.70%
Tubal factor 2 0.70%
Uterine factor 1 0.40%

3.3. Frozen Embryo Transfer Outcomes

Of the 275 cycles analyzed, pregnancy was achieved in 77 cases, representing a pregnancy rate
of 28.0%. The overwhelming majority of pregnancies were singleton (97.3%), whereas multiple
gestations were uncommon (2.7%). No pregnancy occurred in 170 cycles (61.8%), and miscarriages
were recorded in 20 cases (7.3%). In 8 cycles (2.9%), embryo transfer was not performed. These results
reinforce the predominance of singleton pregnancies following FET in this cohort.

Table 3. Distribution of outcomes following embryo transfer (n = 275).

Category N %
Pregnancy achieved 77 28.00%
- Singleton 75 97.30%
- Multiple 2 2.70%
No pregnancy 170 61.80%
Miscarriage 20 7.30%
No transfer 8 2.90%

Cesarean delivery accounted for 29.3% of births. Of the total pregnancies achieved, 70.7%
reached term, which could be related to a more interventionist clinical approach in pregnancies
conceived through assisted reproductive technologies.

3.4. Perinatal Outcomes

In In singleton pregnancies, the majority of newborns (89.3%) had a birth weight within the
normal range (2,500—4,000 g), while low birth weight (<2,500 g) was observed in 10.7% of cases. No
cases of macrosomia (>4,000 g) were recorded among singletons. Neonatal adaptation was excellent:
all newborns from singleton pregnancies achieved Apgar scores of 7-10 at one minute and 27 at five
minutes.

In contrast, multiple pregnancies showed a higher incidence of low birth weight, affecting 50%
of newborns. The remaining 50% had weights in the normal range, with no cases of macrosomia.
Despite the increased frequency of low birth weight, all infants from multiple pregnancies also
demonstrated optimal adaptation, achieving Apgar scores of 7-10 at one minute and >7 at five
minutes.
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Table 4. Birth weight and neonatal adaptation by type of pregnancy.
Type of
4 _ 4 >
Pregnancy <2500 g 2500-4000 g >4000 g Apgar1'7-10  Apgar 5’ 27
Singleton 10.70% 89.30% 0% 100% 100%
Multiple 50% 50% 0% 100% 100%

4. Discussion

The results of our study confirm the male factor as the main cause of infertility (41.7%), in
accordance with data previously reported in the literature. Our findings on frozen embryo transfer
(FET) in programmed cycles align with recent research on advanced assisted reproductive techniques
in terms of obstetric and neonatal safety of these procedures.

Moreover, the majority of pregnancies achieved were singleton (97.3%) and reached full term in
70.7%, supporting the clinical utility of the elective single embryo transfer (eSET) strategy. Both in
our series and in the literature, we observed that FET in artificial cycles is associated with a high
proportion of full-term singleton pregnancies and favorable neonatal outcomes, particularly in
singleton gestations. These findings highlight the advantages of minimizing multiple pregnancies to
reduce perinatal complications. [1-3]

In our cohort, 97.3% of pregnancies achieved via FET were singleton, and 70.7% reached full
term —figures similar to those described in other contexts that emphasize the importance of elective
single embryo transfer to minimize the risks associated with multiple gestations. [3,4]

Notably, our findings are consistent with the most recent study on embryo re-cryopreservation
regarding the obstetric and neonatal outcomes of FET: both studies confirm that chemical and clinical
pregnancy rates are comparable between conventional FET and advanced techniques or embryos
subjected to double cryopreservation, maintaining high neonatal safety regarding low birth weight,
malformations, and neonatal adaptation. [5,6]

Importantly, some studies have found a lower risk of small-for-gestational-age (SGA) newborns
and placental abruption after FET compared to fresh cycles; however, a significantly higher risk of
large-for-gestational-age (LGA) newborns and cesarean delivery in pregnancies conceived via FET
has also been documented.

These results suggest that while FET improves certain perinatal and placental outcomes, it also
entails a higher risk of macrosomia. [4-7]

An important finding—present in both this cohort and in the meta-analysis—is that the
incidence of preeclampsia and other hypertensive complications may be higher after FET, although
these findings require confirmation in further studies. [3,6] In our series, we did not observe a
significantly higher incidence compared to the general population.

The cesarean section rate was high (29.3%), reflecting a tendency toward cautious management
in pregnancies achieved through assisted reproduction, although it also suggests opportunities to
optimize delivery mode based on individualized clinical criteria.

This conservative clinical approach impacting delivery method highlights the need to revise
obstetric protocols to support a more individualized and less interventionist approach when feasible.
[4,5]

Regarding neonatal outcomes, in singleton pregnancies, normal birth weight predominated
(89.3% between 2500—4000 g), and excellent neonatal adaptation was observed (100% with Apgar >7
at one and five minutes). [2,3]

Although in multiple pregnancies a higher frequency of low birth weight was observed (50%
<2500 g), neonatal adaptation at five minutes was optimal in all cases.

These findings are consistent with those of various authors [2,3,5,6], who reported no statistically
significant differences in neonatal weight or the rate of congenital defects between groups with a
history of cesarean or vaginal delivery.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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A relevant commonality among these studies is the identification of preterm birth as an outcome
deserving attention.

Although our study reports 70.7% term pregnancies, other authors have indicated a higher risk
of preterm birth after embryo transfer in women with a prior cesarean, especially in fresh transfers
(RR 1.59, 95% CI: 1.16-2.19).

This finding suggests that obstetric history may influence perinatal outcomes and should be
considered when planning embryo transfer. [2,3]

The cesarean rate in our cohort was 29.3%, reflecting a clinical tendency toward more
interventionist management in pregnancies resulting from assisted reproduction.

Although our study did not specifically examine the influence of previous cesarean sections on
FET outcomes, other studies provide evidence that this history may be associated with lower
biochemical pregnancy and live birth rates, possibly due to altered endometrial receptivity or the
presence of isthmocele. [2-4]

The overall success rate (28.0%) was lower than that reported in other series (30-40%), pointing
to areas for improvement in embryo selection, endometrial preparation, and a more personalized
approach.

In sum, FET management must be highly individualized, taking into account maternal risk
factors, achieving the most physiological endometrial preparation possible, and transferring a single
embryo to reduce maternal and perinatal complications, especially those associated with artificial
cycles.

In line with our analysis, various studies recognize frozen embryo transfer as a safe technique
with good perinatal outcomes, particularly in singleton pregnancies.

However, they also concur on the need to optimize factors such as endometrial preparation,
embryo selection, and personalized follow-up to improve implantation and pregnancy rates.

This study has several limitations that should be considered when interpreting the results. Its
retrospective design prevents establishing definitive causal relationships between the variables
analyzed. Additionally, this is a single-center study conducted exclusively at the Regional University
Hospital of Malaga, which may limit the generalizability of the findings to other populations or
clinical contexts.

Finally, the sample size of 275 patients, although relevant in a hospital setting, may be
insufficient to detect significant differences in specific subgroups such as multiple pregnancies or
cases of low neonatal weight.

These limitations highlight the need for multicenter, prospective studies with greater statistical
power to validate the results. [2-7]

5. Conclusions

This study provides a comprehensive evaluation of obstetric and neonatal outcomes following
frozen embryo transfer (FET) in hormonally prepared cycles, based on real-world data from a single
tertiary care center. FET proved to be a safe and effective assisted reproductive strategy, particularly
in achieving singleton pregnancies with favorable perinatal outcomes. Among pregnancies achieved,
97.3% were singleton and 70.7% reached full term, with excellent neonatal adaptation, as reflected by
Apgar scores 27 at both one and five minutes.

The most common etiology of infertility was male factor (41.7%), consistent with previous
literature. The overall clinical pregnancy rate was 28%, which is slightly lower than that reported in
comparable studies, suggesting opportunities for optimization in embryo selection, endometrial
preparation, and transfer protocols.

A notable contribution of this study is its exclusive focus on programmed hormone replacement
therapy (HRT) cycles, enabling a controlled assessment of their impact on clinical outcomes. This
enhances the reliability of conclusions drawn regarding maternal and neonatal safety in this specific
setting.
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However, several limitations must be acknowledged. The retrospective design limits the ability
to establish causal relationships. Being a single-center study, external validity may be restricted.
Moreover, the sample size, while adequate for descriptive analysis, may not be sufficient to detect
differences in low-incidence outcomes such as neonatal complications or hypertensive disorders of
pregnancy. Additionally, long-term neonatal outcomes were not evaluated.

Future research should focus on prospective, multicenter studies with larger and more diverse
populations. These studies should assess the comparative effectiveness of different endometrial
preparation strategies (natural vs. artificial cycles), incorporate advanced embryo selection
techniques (e.g., morphological scoring, preimplantation genetic testing), and include longitudinal
follow-up of neonatal development. Interventions aimed at reducing the cesarean section rate in
pregnancies conceived through assisted reproductive technologies should also be explored.

In summary, programmed FET remains a clinically valuable and generally safe approach.
However, continued refinement of protocols and personalized patient care are essential to further
improve reproductive outcomes and reduce associated obstetric risks.
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