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ABSTRACT

Research question: Does the mode of conception influence placental volume and other
first-trimester outcomes?

Design: This retrospective single-centre case-control study led in Dijon University Hospital
included 252 singleton pregnancies (84 in vitro fertilization [IVF] with either fresh embryo
transfer [fresh ET] or frozen-thawed embryo transfer [FET] and 168 natural conceptions).
First-trimester placental volume, uterine artery pulsatility index and maternal serum PAPP-A
and B-hCG were measured. Statistical analyses were adjusted for gestational age, the new-
born’s gender, maternal age, parity, body mass index and smoking status.

Results: Placental volume was significantly greater in the FET group than in control (P =
0.043) and fresh ET (P = 0.023) groups. At birth, fresh ET new-borns were significantly
smaller than controls (P = 0.01) and FET new-borns (P = 0.008). Post-partum haemorrhage
was far more frequent in FET than in controls and fresh ET group (38.1%, 2.6% and 1.9%,
respectively; P < 0.0001). Placental volume positively correlated with PAPP-A, B-hCG and
the new-born’s birth weight, and negatively correlated with uterine artery pulsatility index.
Conclusions: Placental volume and other first-trimester parameters are modified by IVF with
fresh ET and FET as compared with natural conception, but with opposite trends. Given the
different protocols used for these techniques, hormonal treatment per se may have a major

impact on pregnancy outcomes through the modification of placental invasiveness.

Key message

Placental volume and other first-trimester outcomes are modified by IVF with fresh embryo
transfer and frozen-thawed embryo transfer with opposite trends. Hormonal treatment may
influence pregnancy outcomes through the modification of placental invasiveness. The
origins of these variations have to be deciphered and minimized to avoid maternal and foetal

morbidity.
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INTRODUCTION

It is estimated that more than five million children have been born by Assisted
Reproductive Technologies (ART) worldwide, representing up to 4% of all births (Messerlian
and Gaskins, 2017), and there is an increasing number of initiated cycles from year to year
(Dyer et al., 2016). Between 8 and 12% of reproductive-aged couples are currently infertile
(Vander Borght and Wyns, 2018), and providing them with safe techniques to achieve
parenthood is a public health issue. However, the safety of these techniques has not been
fully demonstrated. Notably, the rate of placenta-related adverse pregnancy outcomes such
as miscarriages, preeclampsia, placenta praevia, placenta accreta and placental abruption
could be increased after ART (Thomopoulos et al., 2013). Adverse perinatal outcomes such
as small for gestational age (SGA) or large for gestational age (LGA) have also been
reported after fresh and frozen-thawed embryo transfer, respectively, even in singleton
pregnancies (Pinborg et al., 2014; Weinerman and Mainigi, 2014). Our team and others have
suggested that these conditions could be linked to inadequate trophoblastic invasion of
uterine decidua and spiral arteries during early pregnancy (Prefumo et al., 2007; Choux et
al., 2015).

In mammals, the placenta is a pregnhancy-specific temporary organ that creates
intimate contact between mother and foetus to ensure the maintenance of gestation and
foetal well-being by the exchange of gases, nutrients and waste products (Zhang et al.,
2008). Its formation involves a molecular crosstalk between the maternal endometrium and
the peripheral multipotent cells of the blastocyst called trophoblasts (Chelbi and Vaiman,
2008). This finely-tuned temporal and spatial regulation of trophoblastic invasion, essential
for proper future functions of the placenta and foetal development, may be disrupted by ART

(Chelbi and Vaiman, 2008; Denomme and Mann, 2012; Choux et al., 2015). Given the



statements of the Developmental Origin of Health and Diseases (DOHaD) concept (Barker et
al., 1990), disturbed maternal-foetal interactions could not only have consequences for
outcomes in childhood but also in adulthood (Gillman, 2005; Isles and Holland, 2005;
Nathanielsz, 2006; Barker, 2007; Gluckman et al., 2008; Reynolds and Caton, 2012;
Vrooman and Bartolomei, 2017).

Thus, as placental and foetal growth are closely linked and given the increased
incidence of placenta-related adverse outcomes after ART and their potential long-term
consequences, studying the placenta in the context of ART is of particular interest. A
previous large cohort study reported lower birth weight and higher placental weight after IVF,
ICSI or other methods of ART (Haavaldsen et al., 2012). Additionally, in animal models,
many placental modifications have been reported after ART throughout pregnancy (Miles et
al., 2004; Miles et al., 2005; Giritharan et al., 2007; Delle Piane et al., 2010; Fauque et al.,
2010; Fauque et al., 2010; Bloise et al., 2012; Ptak et al., 2013).

Because placental weight cannot be assessed during pregnancy in humans, 3D-
ultrasound has brought dramatic progress in the last decade by making it easy to measure
placental volume (PV) (Wegrzyn et al., 2005; Cheong et al., 2010; Rizzo et al., 2015).
Several authors have investigated the relationships between first-trimester PV and adverse
obstetric outcomes. PV has been shown to be predictive of preeclampsia (Rizzo et al., 2008;
Arakaki et al., 2015; Yucel et al., 2016), associated with birth weight below the 10" percentile
(Effendi et al., 2014; Schwartz et al., 2014; Gonzalez-Gonzalez et al., 2017), strongly
correlated with birth weight and placental weight at birth (Effendi et al., 2014) and even
predictive of placental insufficiency-related complications (Papastefanou et al., 2018).
Despite the data, few studies have investigated PV after in vitro fertilization (IVF), and their
results were conflicting (Rifouna et al., 2014; Rizzo et al., 2015; Churchill et al., 2017;
Sundheimer et al., 2018). Indeed, some studies found no significant difference in PV
between IVF and spontaneous pregnancies at 10 WG (Rifouna et al., 2014) or at 12 WG
(Churchill et al., 2017; Sundheimer et al., 2018), while Rizzo et al. (Rizzo et al., 2015)

evidenced significantly reduced PV in IVF pregnancies. Only one other study distinguished



IVF after fresh embryo transfer (fresh ET) from those after frozen-thawed embryo transfer
(FET) (Rizzo et al., 2016), but without providing a full vision of first-trimester markers and
their relationship with perinatal and obstetrical outcomes. Yet, some first-trimester
parameters have been associated with adverse pregnancy outcomes. For example, low
levels of PAPP-A and beta-hCG in first-trimester maternal serum, high uterine PI and/or
notching in the waveform of uterine artery Doppler could be associated with low birth weight
(Shwarzman et al., 2013; Zhu et al., 2015; Gundu et al., 2016; Sirikunalai et al., 2016;
Stampalija et al., 2017) and first-trimester CRL could correlate positively with birthweight
(Hackmon et al., 2017). Currently, PAPP-A and uterine artery Pl are even recognized to be
predictive of placenta-related diseases such as preeclampsia (Tan et al., 2018) and small for

gestational age (Tan et al., 2018).

The primary endpoint of this single-centre cohort study was to compare PV between
11 weeks of gestation (WG) and 13 WG + 6 days according to different modes of conception:
natural, IVF with fresh ET and IVF with FET. The secondary endpoints were comparisons
between groups for crown-rump length (CRL), uterine artery pulsatility index (Pl), incidence

of notching, and maternal serum markers values (PAPP-A and B-hCG).



MATERIALS AND METHODS
Study population

This retrospective single-centre study included all singleton pregnancies after IVF
with fresh ET or FET, with dates of pregnancy between 01/10/2013 and 31/01/2015, followed
at the Dijon University Hospital for the first trimester ultrasound (11 WG — 13 WG + 6 days),
and with available 3D placental acquisition. Exclusion criteria were: presence of pre-existing
maternal diseases (diabetes, chronic hypertension), oocyte donation, foetal malformation or
abnormal karyotype. For each patient, two controls fulfilling the same criteria were randomly
selected during this period of time from our computerised database.

Women from the fresh ET group underwent ovarian stimulation, where ovulation was
triggered by recombinant hCG. Fertilization was achieved either by conventional IVF or by
Intra Cytoplasmic Sperm Injection (ICSI). Depending on the woman’s age, the number of
previous cycles and the number and quality of available embryos, one to three fresh embryos
were transferred at day 2, 3 or 5 after oocyte retrieval, 86.7% being transferred at day 2 or 3.
Patients were given 400 mg of progesterone per day vaginally from the day after oocyte
retrieval until 6 WG and thereafter 200 mg per day until 8 WG. In accordance with the French
National College of Obstetrics and Gynaecology, the date of pregnancy was the date of
oocyte retrieval (Salomon, 2011).

The FET group included patients who were conditioned by a sequential two phase
protocol. The first phase starts on day 2 of the menstrual cycle and uses oestrogens alone (2
mg estradiol per day for three days followed by 4 mg per day for three days and then 6 mg
per day until the embryo transfer). The second phase includes oestrogens (6 mg per day and
then 8 mg per day if the pregnancy test is positive) and intravaginal progesterone (400 mg
per day from 2, 3 or 5 days before the transfer of day-2, -3 or -5 frozen embryos,
respectively, then 600 mg per day after the transfer and 800 mg per day if the pregnancy test
is positive) until 12 WG. Embryo cryopreservation is done on day 2, 3 or 5, and frozen-
thawed embryo transfers were performed as previously described (Desch et al., 2017),

83.3% of embryos being transferred at day 2 or 3. In accordance with fresh ET group, the



date of pregnancy for FET group was calculated as follows: date of the transfer minus the

number of days of embryo culture.

Ultrasound data

All ultrasound scans were performed transabdominally between 11 WG and 13 WG +
6 days, with the same apparatus (Voluson E8, GE Medical Systems, Milwaukee, WI, USA) in
the prenatal diagnosis department (Dijon University Hospital, France) by staff skilled in
antenatal diagnosis. Natural pregnancies were dated as recommended by measuring CRL
(Salomon, 2011). In accordance with Papageorghiou et al. (Papageorghiou et al., 2014), the
formulae were:

CRL =-50.6562 + (0.815118 x GA) + (0.00535302 x GA?) (GA is the gestational age [days])
SD CRL =-2.21626 + (0.0984894 x GA) (SD is the standard deviation)

GA = 40.9041 + (3.21585 x CRL%®) + (0.348956 x CRL)

SD GA = 2.39102 + (0.0193474 x CRL)

To measure placental volume, Virtual Organ Computer-aided AnaLysis (VOCAL Il GE
Medical Systems, Milwaukee, WI, USA) with a rotation angle of 15° is the most precise and
reproducible technique (Wegrzyn et al., 2005; Cheong et al., 2010; Rizzo et al., 2015;
Papastefanou et al., 2018). In our centre, 3D placental volume was acquired routinely
according to standardized protocol with a sweep angle set at 85° and a volume box set so as
to include the whole placenta. Subsequent volume analyses were performed later by the
same observer, blinded to the method of conception and pregnancy outcomes. Placental
shape was drawn manually in 12 sections, using a rotation angle of 15°. The volume was
then calculated by computer. Each volume was measured twice and the mean was used for
analyses. If the variation was greater than 5 cm®, measurements were repeated. The uterine
artery Pl was measured on the right and left arteries. Maximal Pl was collected for analysis.
Pl is defined as PI = (S-D)/m, where S is maximal velocity during systole, D is minimal

velocity during diastole and m is mean velocity. Maternal serum PAPP-A and B-hCG values



were measured the same day as the first-trimester ultrasound in the Dijon University hospital

laboratory and expressed in multiple of the median (MoM).

Clinical data and definitions

Maternal and ART data were extracted from our prospective database and clinical
records were consulted in case of missing or inconsistent data. CRL was expressed as z-
scores, calculated as follows: z-score = (CRL observed — mean CRL for GA) / (SD CRL), in
accordance with Papageorghiou et al. (Papageorghiou et al., 2014). Concerning birth weight,
the z-score was calculated according to our 2008 Burgundy population growth curves further
adjusted in 2011 for new-born gender (Rousseau et al., 2008). Using these curves, SGA and
LGA were defined as birth weight < 10" and > 90" percentile, respectively (Rousseau et al.,
2008). Gestational hypertension (GH) was defined as systolic blood pressure (BP) = 140
mmHg and/or diastolic BP = 90 mmHg. Preeclampsia was the association of GH and
proteinuria > 0.3 g / 24 hours after 20 WG. Gestational diabetes mellitus was diagnosed
according to guidelines of National College of Obstetrics and Gynecology, either if first-
trimester fasting glucose = 0.92 g/L or if any of the following cut-offs for the 75 g oral glucose
tolerance test (performed between 24 and 28 WG) was met: fasting glucose = 0.92, 1-hour 2
1.80, 2-hour = 1.53 g/L (CNGOF, 2010). Post-partum haemorrhage (PPH) was defined as
blood loss > 500 mL within 24 hours after delivery, regardless of the route of delivery,

according to recent guidelines (Sentilhes et al., 2016).

Statistical analyses

Categorical variables were expressed as humbers (percentages) and compared
using the Chi-2 test or Fisher exact test when appropriate. Continuous variables were
expressed as mean = SD and compared using ANOVA when more than two groups or with
Student’s or the Mann-Whitney test, as appropriate. To compare the three groups, global
tests were first used and if they resulted in P<0.05, then each ART group was compared to

the controls. Multivariate analyses were performed using multiple regression linear models.



Maternal age, height, weight, body mass index (BMI), parity, smoking habits, gestational age
and sex of the new born, when associated with the dependent variable resulting in a P-value
below 0.2 in bivariate analyses, were included in the multiple regression analysis. Indeed, as
placental weight at birth can be modified by these factors (Ouyang et al., 2016), we
considered that first-trimester PV could also be affected. A Shapiro-Wilk test was performed
for the normality of quantitative variables. When rejected, log-transformation of the variable
distribution was tested. Because the distribution of PV was not normal, logarithmic
transformation was done. Seeing as placental volume is dependent on GA, all analyses were
adjusted for GA. The linear form of continuous variables was checked by means of fractional
polynomials.

All statistical analyses were performed with Stata software, version 10 (Stata
corporation, College Station TX, USA). The tests were two-tailed, and a P-value below 0.05

was considered statistically significant.

Ethics Statement

Our study is a human non-interventional study where subjects were not assigned to
treatment. Epidemiological methods were used to analyze the data, and information used in
the study was collected for clinical care. According to the French Public Health Law, approval
from the Institutional Review Board and written consent are not required for non-
interventional human studies. However, formal confirmation that ethical approval was not

required for this observational study was obtained.



RESULTS
Population characteristics

A total of 84 singleton ART pregnancies (60 fresh ET [13 conventional IVF and 47
IVF with ICSI], 24 FET [9 conventional IVF and 15 IVF with ICSI]) and 168 singleton controls
were included in this study.

Demographic and clinical characteristics of the pregnancies studied are summarized
in Table 1. Notably, ART mothers were different from controls in terms of age, smoking
habits and parity. ART mothers were older than controls. Tobacco smoking was more
frequent in controls than fresh ET. Parity was lower in the fresh ET group than in controls

and FET but was the same in controls and the FET group.

First-trimester Data

As recommended, natural pregnancies were dated by measuring the CRL and using
the curve of Papageorghiou et al. (Papageorghiou et al., 2014), so their z-score of CRL is 0.
No difference was observed when comparing the FET and fresh ET groups to this curve or

by comparing one group to the other (Figure 1A; Table 2).

After adjustments for gestational age and maternal height, log PV was significantly
greater in the FET group (4.52 + 0.39 cm®) than in the control group (4.40 +0.28 cm?®; P =
0.043) and in the fresh ET group (4.38 + 0.37 cm®; P = 0.024, Figure 1B).

PI was significantly higher in the fresh ET group (1.86 + 0.64) than in controls (1.52 +
0.59; P = 0.001; Table 2), even after adjustments for gestational age (P = 0.001; Figure 1C).
Conversely, Pl was lower in the FET group (1.26 + 0.44) than in the fresh ET group (P =
0.001; Table 2), even after adjustment on gestational age (P=0.001, Figure 1C). Pl was also
lower in the FET group than in controls, but the difference was not significant.

Consistently, diastolic notching was more frequent in fresh ET patients (55.6%) than

controls (32.5%, P = 0.003; Table 2), even after adjusting for the sex of the new-born,
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maternal age and parity (P = 0.016), whereas the incidence of diastolic notching was similar
between FET and controls (Table 2).

Maternal serum markers were significantly lower in the fresh ET group than in
controls: 0.91 £ 0.48 vs. 1.12 + 0.60 (P = 0.016) for PAPP-A and 0.92 + 0.47 vs. 1.21 £ 0.67

for B-hCG (P = 0.002; Table 2).

Obstetrical and neonatal outcomes

When comparing the obstetrical and neonatal outcomes between groups, ART
patients were not different from controls except for PPH, instrumental delivery and birth
weight (Table 3). In fact, the incidence of instrumental delivery was no different between the
studied groups after adjusting for parity (P = 0.325). Even after adjusting for birth weight,
maternal age, parity and the occurrence of C-section, PPH remained significantly more
frequent in the FET group than in the control group (38.1% vs. 2.6%, P = 0.003) and in the
IVF group (1.9%, P = 0.021), whereas the incidence of PPH was similar in the fresh ET
group and controls (P = 0.861). In the FET group, PPH was due to retained placenta or
retained placental fragments requiring manual removal (n = 4, including one placenta
accreta), and during C-section (n = 4). Of note, there was no correlation between the risks of
PPH and the new-born’s birth weight or the incidence of C-section.

After adjusting for BMI, tobacco smoking and parity, the z-score for birth weight
remained significantly lower in the fresh ET group (-0.60 * 0.96) than in the control group (-

0.07 +0.92; P = 0.010) and in the FET group (0.15 + 1.27; P = 0.008; Figure 1D).

PV correlations

After adjusting for gestational age, log PV was positively associated with maternal
serum B-hCG (r-squared for regression model: r2 = 0.15, linear regression coefficient: § =
0.09, P = 0.006) and maternal serum PAPP-A (r2=0.18, 3= 0.13, P <0.0001), and

negatively associated with uterine artery Pl (r2 = 0.16, B =-0.09, P = 0.004; Supplemental
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Figure 1 A, B and C, respectively). Notably, the correlation between PAPP-A and log PV was
stronger for the FET group (r2 = 0.62, f = 0.37, P < 0.0001; Supplemental Figure 1D).

The z-score for birth weight correlated positively with first-trimester maternal serum
PAPP-A (r2=0.12, § = 0.57, P < 0.0001; Supplemental Figure 2A), with log PV (r2 =0.03, 8 =
0.51, P = 0.022; Supplemental Figure 2B), inversely with the presence of unilateral or
bilateral notching of uterine artery (r2=0.03, 8 =-0.37, P = 0.012) and did not correlated with

B-hCG and PI (P > 0.05).
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DISCUSSION

With an original design providing a global vision of first-trimester data and robust
methodology, our study gives novel insights about placental function and its link with
pregnancy outcomes. We found increased first-trimester placental volume after FET
compared to controls and fresh ET, suggesting that ART has an impact on placental
development.

Data in the literature about placental growth throughout pregnancy following ART are
conflicting. A study comparing IVF with natural pregnancies found a significantly smaller first-
trimester PV in the IVF group, and even smaller PV in the oocyte-donor subgroup (Rizzo et
al., 2015). On the contrary, Rifouna et al. (Rifouna et al., 2014) and two other studies
(Churchill et al., 2017; Sundheimer et al., 2018) compared trophoblastic volumes at 10 WG
and around 12 WG, respectively, and did not find any significant difference. In the three
studies, the IVF group included patients who indistinctly received fresh or frozen-thawed
embryos, but because of the major differences between the protocols, especially the
additional freezing-thawing step and different hormonal stimulation used for FET, it is hardly
conceivable to group them together. Like ours, another study found larger PV in pregnancies
after FET compared with pregnancies after fresh ET (Rizzo et al., 2016). As PV correlated
with birth weight, this is consistent with the findings of a higher incidence of LGA new-borns
after FET (Pinborg et al., 2014; Spijkers et al., 2017).

Interestingly, in addition to the study of PV, our work also provides a full vision of first-
trimester data and the associated obstetrical significance, and helps to decipher the
differences in trophoblastic invasion according to the mode of conception. PAPP-A
contributes to maternal tolerance towards the foetus (Zhabin et al., 2003) and is considered
as an early marker of trophoblastic invasion (Fournier et al., 2008). The level of maternal
serum first-trimester PAPP-A, as in our study, was found to positively correlate with birth
weight (David and Jauniaux, 2016) and be associated with low birth weight and preeclampsia
if low (Zhu et al., 2015; Gundu et al., 2016), and LGA if high (David and Jauniaux, 2016).

13



Produced by trophoblastic cells, hCG promotes the invasion of cytotrophoblasts and
supports foetal and placental growth (Cole, 2010), making consistent our finding of its
correlation with PV. Increased uterine artery Pl is the expression of increased vascular
resistances, which corrupt endovascular trophoblastic invasion (Prefumo et al., 2004;
Prefumo et al., 2007), consistently with the negative correlation between PV and PI observed
in the present study and in others (Hashish et al., 2015). Overall, PV correlated with these
three markers, which supports the hypothesis that PV could be a surrogate marker of
trophoblastic invasiveness.

Altogether, by analysing the comprehensive “first-trimester overview” given by these
markers, we observed interesting opposing trends between fresh ET and FET (Figure 2),
suggesting insufficient or excessive placental invasion, respectively. Insufficient placental
invasion after fresh ET is witnessed in our study and/or others by lower maternal hCG (Hui et
al., 2005) and PAPP-A levels (Hui et al., 2005; Tul and Novak-Antolic, 2006; Anckaert et al.,
2008; Gjerris et al., 2009; Cavoretto et al., 2017; Hunt et al., 2017), lower PV (Rizzo et al.,
2016), higher PI and lower birth weight (Jackson et al., 2004) than natural pregnancies and
increased frequency of abruptio placentae (Healy et al., 2010) and preeclampsia (Imudia et
al., 2013). On the contrary, excessive placental invasion in FET is visible in our study and/or
others through increased PV, increased maternal hCG (Hui et al., 2003), higher risk of
manual placental extraction (Aziz et al., 2016), placenta accreta (Kaser et al., 2015; Ata and
Seli, 2017), and PPH (Healy et al., 2010) due to the absence of spontaneous delivery of the
placenta and higher frequency of LGA (Pinborg et al., 2014; Spijkers et al., 2017).

It suggests that a first-trimester evaluation for trophoblastic invasion combining all these
markers would be highly valuable in ART pregnancies. Patients presenting with either an
increase or a decrease in placental invasion could thus benefit from closer follow-up,
particularly for foetal growth and for the risk of PPH during delivery.

In addition to the measures for prevention to set up, these data raise the question of
the origin of the differences between FET and fresh ET. Two points stand out: 1-the
additional freezing-thawing step in FET; and 2- the different hormonal stimulation used

14



between the two techniques. The freezing-thawing step could modify the developmental
potential of the embryos and thus the obstetrical outcomes (Spijkers et al., 2017). However, it
is now largely recognized that endometrium-embryo synchrony is essential in IVF. Indeed,
the duration of the window of implantation, defined by the perfect balance of oestradiol and
progesterone, may only last 2 to 5 days (Ozgur et al., 2018). Progesterone in particular has
to be tightly regulated to ensure the highest rates of implantation. For example, the optimal
mid-luteal progesterone concentration is thought to be 80-100 nmol/L for stimulated cycles
(Yding Andersen and Vilbour Andersen, 2014) and 70-99 nmol/L in FET cycles (Yovich et al.,
2015). In addition, there is now converging evidence suggesting that hormonal therapy could
affect endometrial receptivity, thus trophoblastic invasion and finally pregnancy outcomes. A
high dose of total FSH negatively impacted live birth rates in fresh ET compared to
subsequent FET (Munch et al., 2017). Increased oestrogen levels at ovulation triggering
before fresh ET were associated with lower first-trimester PAPP-A levels, preeclampsia, low
birth-weight and preterm birth (Imudia et al., 2012; Giorgetti et al., 2013; Hu et al., 2014; Liu
et al., 2017). PAPP-A values were found to be lower after fresh ET than after FET (Amor et
al., 2009; Gjerris et al., 2009). In the same line as our results, FET in artificial cycles was
associated with increased PPH risk compared with FET in natural cycles (Healy et al., 2010;
Nakamura et al., 2015). The use of hCG triggering or progesterone supplementation for FET
has been associated with lower clinical pregnancy rates than FET after natural cycles
(Montagut et al., 2016). Particularly, micronized progesterone has been shown to increase
placental volume if given in first trimester threatened abortion (Turgal et al., 2017). In our
centre, the different conditioning between fresh ET and FET patients result in a cumulated
dose of progesterone nearly 4 times lower for fresh ET, but in this case, the proper secretion
of hormones by the multiple corpus lutea also has to be taken into account (Conrad and
Baker, 2013).

The main strengths of our study, which was conducted in a single-centre, lie in its
homogeneous population, well-standardized protocols and the good quality ultrasound
measurements ensured by our highly skilled staff. In addition, all results were adjusted for
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many potential confounding factors such as maternal age or parity. One weakness is the
small number of patients, but the accuracy of our conclusions is ensured by the robust
design and the comprehensive data collection, making our results consistent with most data
in the literature. In order to ensure the homogeneity of the cohort and treatments used, we
chose to lead a monocentric study, but it would be worthwhile for future studies to validate
the results found here in other ART centres. Another limitation is the absence of data about
the kinetics of placental and foetal growth. Indeed, crucial events for placental invasion are
already completed before 12 WG (Moser and Huppertz, 2017), so it would be valuable to
study the embryo from the very beginning of pregnancy, although the small size before 11
WG would limit the accuracy of measurements. Otherwise, by the end of pregnancy, the
plasticity of placenta can still change the whole picture of it (Choux et al., 2015), so late
measures would be useful too, although measuring a larger placenta would also be

technically difficult.

To conclude, ART can modify the delicate implantation step. Considering the
potential effects of hormonal therapy on foeto-placental growth and even adverse outcomes
such as PPH, we have to decipher the origin of these variations and strive to minimize them
in order to avoid maternal and foetal morbidity, for example by reconsidering treatments for
conditioning women before FET, with the aim of obtaining implantation similar to natural

pregnancy.
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FIGURE LEGENDS

Figure 1. Comparison of crown-rump length (A), placental volume (B), uterine artery
pulsatility index (C) and birth weight (D) between groups. Each box represents the
interquartile range (IQR). Lines inside the boxes are the median. Whiskers represent the 10™
and 90" percentiles. Crosses represent the mean. P is the result from multivariate analyses.
All variables associated with the dependent variable with a P-value below 0.2 in bivariate
analyses were included in the multiple regression analysis among maternal age, height,
weight, body mass index (BMI), parity, smoking habits, gestational age and new-born’s sex.

ns: non-significant. Fresh ET: Fresh Embryo Transfer, FET: Frozen-thawed Embryo Transfer.

Figure 2. ART is responsible for altered trophoblastic invasion, either decreased after
in vitro fertilization (IVF) with fresh embryo transfer (Fresh ET) or exacerbated after
frozen-thawed embryo transfer (FET).

In most cases, the placenta is able to compensate for original injury throughout pregnancy,
which results in a healthy new-born. However, if compensation is overwhelmed, the
consequences could be adverse obstetrical and neonatal outcomes. The Developmental
Origin of Health and Diseases (DOHaD) concept states that intra-uterine events can affect
future life.

LGA: large for gestational age, PI: uterine artery pulsatility index, PPH: post-partum

haemorrhage, PV: placental volume, SGA: small for gestational age

Supplemental Figure 1. Correlations between log PV and B-hCG (A) PAPP-A (B),
uterine artery PI (C) in the whole population. Correlation between log PV and PAPP-A
in the FET group (D).

PI: pulsatility index, PV: placental volume at the first-trimester ultrasound.
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Supplemental Figure 2. Correlation between birth weight and first trimester PAPP-A
(A) and log PV adjusted for gestational age (B) in the whole population.

PV: placental volume at the first-trimester ultrasound.
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Long-term consequences




Table 1 Population Characteristics.

Controls Fresh ET FET P P P P
(n=168) (n =60) (n=24) (global test) (FreshET vs.C) (FETvs.C) (FreshET vs. FET)
Maternal Age 289+5.6 32.1+4.3 33.3+34 <0.0001 <0.0001 0.0003 0.237
Age > 35 years 24 (14.3) 12 (20.0) 6 (25.0) 0.306
Maternal Height (cm) 165.6 £ 10.2 165.5+6.2 165.3+6.2 0.987
Maternal Weight (kg) 65.1+13.4 64.5+13.2 58.8+£9.3 0.089
Maternal BMI (kg/m?) 23951 23546 21.5+£3.2 0.081
BMI > 30 kg/m?2 18/154 (11.7)  8/59 (13.6) 1(4.2) 0.466
BMI > 25 kg/m?2 48/154 (31.2)  15/59 (25.4) 2(8.3) 0.061
Tobacco smoking during 37/167 (22.2) 5(8.3) 1(4.2) 0.011 0.018 0.052 0.669
pregnancy
Parity before ongoing pregnancy 0.92+1.17 0.20+0.41 0.58+0.83 <0.0001 <0.0001 0.167 0.006
Nulliparous 66/155 (42.6) 47/59 (79.7) 14 (58.3) <0.0001 <0.0001 0.149 0.046
Indication for ART * * * 0.032
Male infertility * 37 (61.7) 9 (37.5)
PCOS * 3(5.0) 5(20.8)
Endometriosis * 4(6.7) 5 (20.8)
Tubal * 9 (15.0) 2(8.3)
Anovulation * 3 (5.0) 0 (0)
Other * 4(6.7) 3(12.5)

Quantitative data: mean + SD, qualitative data: n (%)

ART: Assisted reproductive technologies, BMI: Body Mass Index, C: Controls, FET: Frozen-thawed Embryo Transfer, Fresh ET: Fresh Embryo Transfer,

PCOS: PolyCystic Ovary Syndrome
P is the result from univariate analyses. P<0.05 in bold



Table 2 First-trimester data.

Controls Fresh ET FET P P P P
(n = 168) (n = 60) (n=24) (global test) (Fresh ETvs.C) (FETvs.C) (Fresh ET vs. FET)
First-trimester ultrasound
maximal uterine artery PI 1.52 +0.59 1.86+£0.64 1.26+0.44 <0.001 0.001 0.112 0.001
presence of diastolic 53/163 (32.5) 30/54 (55.6) 5/17 (29.4) 0.008 0.003 0.794 0.060
notching
placental volume (log cm®) 4.40+0.283  4.38+0.37 4.52+0.39 0.068
z-score of CRL 0 0.07 £0.53 0.09+0.48 0.186
PAPP-A (MoM) 1.12 £ 0.60 0.91+0.48 1.02+0.64 0.049 0.016 0.457 0.407
B-hCG (MoM) 1.21+0.67 0.92+0.47 1.19+0.53 0.007 0.002 0.902 0.067

Quantitative data: mean + SD, qualitative data: n (%)

C: Controls, FET: Frozen-thawed Embryo Transfer, Fresh ET: Fresh Embryo Transfer, Pl: placental index, P is the result from univariate analyses, P<0.05 in
bold



Table 3 Obstetrical and neonatal outcomes.

Controls Fresh ET FET P
(n = 168) (n = 60) (n=24) (global test)
Obstetric outcomes
severe preeclampsia 4/156 (2.6) 2/54 (3.7) 0/21 (0) 0.803
preterm labour 15/156 (9.6) 6/54 (11.1) 2/21 (9.5) 0.939
gestational hypertension 0/156 (0) 0/54 (0) 1/21 (4.8) 0.091
gestational diabetes 22/156 (14.1) 6/54 (11.1) 1/21 (4.8) 0.542
premature preterm rupture of membranes 0/156 (0) 1/54 (1.9) 0/21 (0) 0.325
chorioamniotitis 4/156 (2.6) 2/54 (3.7) 0/21 (0) 0.803
abruptio placentae 1/156 (0.6) 1/54 (1.9) 0/21 (0) 0.545
Delivery
gestational age (WG) 39.5+25 39.0+2.7 40.0+x1.4 0.060
premature birth < 37 WG 8/156 (5.1) 3 (5.0) 1(4.2) 1
premature birth < 34 WG 3/156 (1.9) 1(.7) 0 (0) 1
labour induction 42/156 (26.9) 18/54 (33.3) 8/21 (38.1) 0.443
post-partum haemorrhage 4/156 (2.6) 1/54 (1.9) 8/21 (38.1) <0.0001
instrumental delivery 22/156 (14.1) 20/57 (35.1) 6 (26.1) 0.003
caesarean section 30/156 (19.2) 7/59 (11.9) 6 (25.0) 0.270
Birth weight (grams) 3281.8 £549.7 3040.8 £598.1 3526.5 +540.8 <0.001
birth weight < 10" centile (SGA) 11/142 (7.8) 10/52 (19.2) 1/18 (5.6) 0.076
birth weight > 90" centile (LGA) 12/142 (8.5) 2/52 (3.9) 2/18 (11.1) 0.368
Birth weight (z -score) -0.074 £0.92 -0.60 +0.96 0.15+1.27 0.002




APGAR score at 5' 9.73+£1.19 9.73+1.43 9.68 £1.43 0.982
Respiratory distress 12/156 (7.7) 3/54 (5.6) 0/21 (0) 0.477

Quantitative data: mean + SD, qualitative data: n (%)

C: Controls, FET: Frozen-thawed Embryo Transfer, Fresh ET: Fresh Embryo Transfer, LGA: Large for Gestational Age, SGA: Small for Gestational Age, P is
the result from univariate analyses, P<0.05 in bold





