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Abstract
Background: Uterine artery Doppler pulsatility index
(UtA-PI) may be different in pregnancies with egg donation (ICSI-ED) as compared to conceptions with auto
logous intra-cytoplasmatic sperm injection (autologous
ICSI) and to spontaneous conceptions (SC).
Methods: One hundred and ninety-four pregnant women
with different modes of conception (MC) were prospectively evaluated: 53 ICSI-ED, 36 autologous ICSI and 105
SC. To evaluate the effects of different MC on PI, multivariable linear regression (MLR) models predicting UtA-PI
were fitted after adjustment for maternal age, body mass
index, race, parity, smoking status and gestational age.
Results: In the first trimester, at MLR, autologous ICSI was
not associated with a significantly different UtA-PI [estimate (EST) 0.01; 95% confidence interval (CI) − 0.19, 0.2;
P = 0.9] when compared to SC. Conversely, MC by ICSI-ED
was associated with lower first trimester UtA-PI (EST
− 0.32; CI − 0.55, − 0.08; P = 0.01) when compared to SC.
At MLR, MC by autologous ICSI and by ICSI-ED were not
associated with significant differences in the second and
third trimester UtA-PI when compared to SC.
Conclusion: ICSI-ED conception presented lower UtA-PI
when compared to SC at 11 + 0–13 + 6 weeks but not at later
assessments. Correction of UtA-PI measurement specifying the origin of oocyte may be useful in first trimester
screening.
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Introduction
Pre-eclampsia (PE) is associated with impaired invasion
of the trophoblast through the spiral arteries, which is
manifested as increased impedance to flow in the uterine
arteries (UtA) [1]. PE is one of the major causes of maternal mortality and fetal morbidity [2]. The incidence of PE
is increased in in vitro fertilized (IVF) pregnancies [3] and
it is particularly high in heterologous IVF pregnancies by
egg donation (ED) compared to spontaneous conceptions
[4]. A combination of maternal demographic characteristics, uterine artery pulsatility index (PI), mean arterial
pressure (MAP), maternal serum pregnancy associated
plasma protein-A (PAPP-A) and placental growth factor
(PlGF) at 11 + 0–13 + 6 weeks’ gestation can identify a high
proportion of pregnancies at high-risk for preterm PE [5, 6].
Two recent meta-analysis of randomized studies reported
that low-dose aspirin started at or before 16 weeks was
associated with a 50% reduction in the overall risk for PE
and an 80% reduction in preterm PE [7, 8]. However, these
data are not providing definitive conclusions to be drawn
and these results are being tested in a prospective major
randomized trial (ASPRE: Combined Multi-Marker Screening and Randomised Patient Treatment with Aspirin for
Evidence-Based Pre-eclampsia Prevention [9]).
Previous studies did not find any differences in UtA
pulsatility index (UtA-PI) of assisted reproductive technologies (ART) pregnancies when compared to spontaneous pregnancies [10, 11], however no distinction was made
between autologous IVF and donor oocytes IVF in which
the risk of PE is also higher [4].
Tayyar et al. [12] elaborated a model to express UtA-PI
multiples of the median (MoMs) in which significant independent contributions to PI were provided by gestational
age, maternal age and weight, racial origin, history of
PE and birth weight in the last pregnancy. In this study
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method of conception was assessed as spontaneous, ovulation induction or IVF, without distinguishing the origin
of oocyte (autologous ICSI vs. ICSI-ED) and the results
show that method of conception did not affect UtA-PI.
The hypothesis of this study is that uterine perfusion
in ICSI-ED pregnancies is different from that in autologous
ICSI and spontaneous pregnancies. We tested this hypothesis comparing UtA-PI of spontaneous, autologous ICSI
and ICSI-ED pregnancies in the first, second and third
trimester.

extensive experience in obstetrics ultrasound and a Certificate of
Competence in Doppler studies by the Fetal Medicine Foundation
(FMF).

Materials and methods

Statistical analyses

Study population
The current study relied on a prospectively collected database of 194
consecutive pregnant women enrolled between 2010 and 2015 at two
tertiary care centres, with different modes of conception defined as
spontaneous conception, autologous ICSI from fresh transfer and
heterologous by ICSI-ED. Exclusion criteria consisted of non-singleton pregnancy, aneuploidies, history of pre-eclampsia, history of
hypertension or diabetes and auto-immune disease. Due to the fact
that egg donations are obtained by ICSI, we included only ICSI procedures. All women undergoing first trimester screening routinely
provided informed consent for their clinical data and anonymized
records to be used for research purposes in general. Local Institutional Review Board approvals for the use of clinical data for research
studies were obtained.

Outcome
The outcome of the study was UtA-PI, defined as (peak systolic
velocity - end diastolic velocity) / time averaged velocity.
UtA-PI was assessed in the first trimester at 11 + 0–13 + 6 weeks’
gestation, in the second trimester at 14 + 0–23 + 6 weeks’ gestation and
in the third trimester at 24 + 0–37 + 6 weeks’ gestation. First, second and
third-trimester Doppler studies were conducted trans-abdominally.
In the first trimester, a sagittal section of the uterus was obtained and
the cervical canal and internal cervical os were identified. The transducer was tilted gently from side to side and color-flow mapping was
used to identify each UtA along the side of the cervix and the uterus,
at the level of the internal os [13–15].
In the second and third trimesters the UtAs were identified
using color Doppler, at the apparent crossover with the external iliac
arteries.
After identification of each UtA, pulsed-wave Doppler was
used with the sampling gate set at 2 mm to cover the whole vessel. Care was taken to ensure that the angle of insonation was less
than 20° and the peak systolic velocity was greater than 60 cm/s to
ensure that the UtA, rather than the arcuate artery, was being examined. When three similar waveforms had been obtained consecutively, the PI was measured tracing manually the contour of three
similar waves and the mean PI of the left and right arteries was calculated. All Doppler studies were carried out by sonographers with

Covariates
Covariates consisted of maternal age at conception, body mass index
(BMI), race (classified as Caucasian vs. others), parity (classified as
nulliparity vs. multiparity), smoking status (classified as no vs. yes)
and gestational age at UtA-PI assessment.

Statistical analyses, reporting and interpretation of the results were
conducted in three steps. First, medians and interquartile ranges or
frequencies and proportions were reported for continuous or categorical variables, respectively. Mann-Whitney and Fisher’s Exact test
were used to compare the statistical significance of differences in the
distribution of continuous or categorical variables, respectively. Box
and whisker plot was used to depict the first trimester UtA-PI according to mode of conception.
Second, multivariable linear regression analysis was used to
assess the impact of mode of conception on first, second and third trimester UtA-PI after adjustment for all the available covariates, namely
maternal age, BMI, race, parity, smoking status and gestational age.
Third, given the longitudinal nature of our study, cubic smoothing spline method was used to graphically explore UtA-PI changes
according to gestational age in the overall population as well as
according to mode of conception.
Furthermore, in order to control for the potential effect of gestational age according to previously published normative data on uterine artery pulsatility index values, the linear regression analysis was
repeated after conversion of the Uta-PI to z-scores [16].
All statistical tests were performed using the RStudio graphical
interface v.0.98 for R software environment v.3.0 [17] with the packages Hmisc, stats, rms, and graphics. All tests were two-sided with a
significance level set at P < 0.05.

Results
Patient characteristics
Overall, 194 patients were included in the study (Table 1).
Mode of conception was spontaneous in 105 patients
(54%), by autologous ICSI in 36 (19%) and by ICSI-ED in
53 (27%). Compared to patients who conceived spontaneously, patients who conceived by autologous ICSI and by
ICSI-ED were significantly older (all P < 0.001).
Only two patients (1%) developed PE and they were
both in the ICSI-ED group. One of them developed a liver
rupture due to haematoma at 35 weeks of gestational age.
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Table 1: Descriptive characteristics of 194 patients investigated with uterine artery Doppler mean pulsatility index stratified according to
mode of conception (spontaneous, autologous intra-cytoplasmatic sperm injection or egg donation).
Variable
Maternal age
Median
IQR
BMIa
Median
IQR
Race
Caucasian
Parity
Nulliparous
Smoking
No

Overall
(n = 194)

Spontaneous
conception (n = 105)

ICSI
conception (n = 36)

P-value

Spontaneous
conception (n = 105)

Egg donation
conception (n = 53)

P-value

36
31–41

33
29–35

38
34–40

< 0.001

33
29–35

44
40–46

< 0.001

21.7
19.9–23.7

21.5
19.8–23.4

22.2
20–23.9

0.4

21.5
19.8–23.4

22.4
20.2–24.6

0.3

182 (94)

96 (91)

34 (94)

0.2

96 (91)

52 (98)

0.7

170 (88)

87 (83)

33 (92)

0.3

87 (83)

50 (94)

0.049

179 (93)

93 (89)

34 (95)

0.5

93 (89)

52 (98)

0.06

Data presented as frequencies and percentages unless otherwise specified.
a
Missing for seven cases.
PI = Uterine artery Doppler mean pulsatility index defined as (peak systolic velocity - end diastolic velocity)/time averaged velocity;
ICSI = autologous intra-cytoplasmatic sperm injection; IQR = interquartile range.

Furthermore, the proportions of pathological UtA-Pi
(above the 95th centile for gestational age) in all three trimesters were 3.8% in the spontaneous group, 3.7% in the
autologous ICSI group and 3.7% in the ICSI-ED group.
in particular, those patients who showed a pathological
UtA-PI in the first trimester, maintained this pattern also
in the second and third trimesters.

Uterine artery Doppler mean pulsatility index

2.5

2.0

First trimester uterine artery pulsatility index
The first trimester median UtA-PI was 1.65 [inter-quartile
range (IQR) 1.33–2.05] in patients who conceived spontaneously, 1.64 (IQR 1.27–2.06) in patients who conceived by
autologous ICSI and 1.28 (IQR 1.03–1.78) in patients who
conceived by ICSI-ED (Figure 1).
At multivariable linear regression analysis adjusted for
all the available covariates (Table 2), mode of conception
by autologous ICSI was not associated with first trimester
UtA-PI [estimate (EST) 0.01; 95% confidence interval (CI)
− 0.19, 0.2; P = 0.9] when compared to spontaneous conception. Conversely, mode of conception by ICSI-ED was associated with lower first trimester UtA-PI (EST − 0.32; CI − 0.55,
− 0.08; P = 0.01) when compared to spontaneous conception. Of note, multiparity was associated with higher first
trimester UtA-PI (EST 0.23; CI 0.02, 0.44; P = 0.03) when
compared to nulliparity. Similar results were observed
after conversion of all UtA-PI values to z-scores (Table 3).

1.5

1.0

0.5
Spontaneous

ICSI

Egg donation

Figure 1: Box and Whisker plot depicting uterine artery Doppler
mean pulsatility index in the first trimester stratified according to
the mode of conception in 194 patients investigated with uterine
artery Doppler, 2010–2015. Uterine artery Doppler mean pulsatility
index defined as (peak systolic velocity - end diastolic velocity)/
time averaged velocity. ICSI = autologous intra-cytoplasmatic sperm
injection.
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Table 2: Linear regression analysis predicting uterine artery
Doppler mean pulsatility index according to mode of conception
in 194 patients investigated with uterine artery Doppler in the first
trimester, 2010–2015.

Table 3: Linear regression analysis predicting uterine artery
Doppler mean pulsatility index expressed as z-score according to
mode of conception in 194 patients investigated with uterine artery
Doppler in the first trimester, 2010–2015.

Predictors

Predictors

Multivariable linear regression
predicting uterine artery Doppler
mean pulsatility index

Mode of conception
Spontaneous
Autologous ICSI
Egg donation
Maternal age (years)
Body mass index (kg/m2) )
Race
Caucasian
Others
Parity
Nulliparity
Multiparity
Smoking status
No
Yes
Gestational age (days)

P-value

Ref
0.01 (− 0.19; 0.20)
− 0.32 (− 0.55; − 0.08)
0.004 (− 0.01; 0.02)
− 0.01 (− 0.03; 0.01)
Ref
0.07 (− 0.21; 0.36)
Ref
0.23 (0.02; 0.44)
Ref
− 0.2 (− 0.45; 0.06)
− 0.01 (− 0.03; 0.01)

–
0.9
0.01
0.6
0.1
–
0.6
–
0.03
–
0.1
0.2

Uterine artery Doppler mean pulsatility index defined as (peak systolic velocity − end diastolic velocity)/time averaged velocity.
Estimate: modification in uterine artery Doppler mean pulsatility
index units.
CI = Confidence intervals; ICSI = autologous intra-cytoplasmatic
sperm injection.

Second and third trimester uterine artery
pulsatility index
Overall (Figure 2), the second trimester median UtA-PI
resulted 0.87 (IQR 0.68–1.15) and the third trimester
median UtA-PI resulted 0.69 (IQR 0.57–0.82).
When stratified according to mode of conception, the
second trimester UtA-PI was 0.91 (IQR 0.72–1.15) in patients
who conceived spontaneously, 1.02 (IQR 0.83–1.49) in
patients who conceived by autologous ICSI and 0.76 (IQR
0.61–0.96) in patients who conceived by ICSI-ED (Figure 3).
At multivariable linear regression analysis adjusted for all the
available covariates, mode of conception by autologous ICSI
(EST 0.16; CI − 0.04, 0.4; P = 0.1) and by ICSI-ED (EST − 0.19;
CI − 0.4, 0.03; P = 0.08) were not associated with second trimester UtA-PI when compared to spontaneous conception.
The third trimester median UtA-PI was 0.76 (IQR
0.63–0.90) in patients who conceived spontaneously, 0.72
(IQR 0.61–0.82) in patients who conceived by autologous
ICSI and 0.58 (IQR 0.52–0.70) in patients who conceived
by ICSI-ED (Figure 3). At multivariable linear regression

Estimate (95% CI)
Mode of conception
Spontaneous
Autologous ICSI
Egg donation
Maternal age (years)
Body mass index (kg/m2)
Race
Caucasian
Others
Parity
Nulliparity
Multiparity
Smoking status
No
Yes

P-value

Ref
0.004 (− 0.19; 0.20)
− 0.31 (− 0.54; − 0.08)
0.004 (− 0.01; 0.02)
− 0.02 (− 0.03; 0.01)

–
1
0.01
0.6
0.1

Ref
0.07 (− 0.22; 0.36)

–
0.6

Ref
0.23 (0.02; 0.44)

–
0.03

Ref
− 0.2 (− 0.45; 0.06)

–
0.1

Estimate: modification in uterine artery Doppler mean pulsatility
index units.
CI = Confidence intervals; ICSI = autologous intra-cytoplasmatic
sperm injection.

1.8
Uterine artery Doppler mean pulsatility index

Estimate (95% CI)

Multivariable linear regression
analysis predicting uterine artery
Doppler mean pulsatility index
expressed as z-score

Overall
1.6

1.4

1.2

1.0

0.8

0.6
100

150

200

250

Gestational age (days)

Figure 2: Uterine artery Doppler mean pulsatility index change
plotted against gestational age in the overall population of 194
patients investigated with uterine artery Doppler, 2010–2015.
Uterine artery Doppler mean pulsatility index defined as (peak systolic velocity − end diastolic velocity)/time averaged velocity.
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Uterine artery Doppler mean pulsatility index
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Figure 3: Uterine artery Doppler mean pulsatility index change
plotted against gestational age stratified according to mode of
conception in 194 patients investigated with uterine artery Doppler,
2010–2015. Uterine artery Doppler mean pulsatility index defined as
(peak systolic velocity − end diastolic velocity)/time averaged velocity. ICSI = autogous ICSI.

analysis adjusted for all the available covariates, mode
of conception by autologous ICSI (EST − 0.07; CI − 0.23,
0.09; P = 0.4) and by ICSI-ED (EST − 0.16; CI − 0.34, 0.02;
P = 0.08) was not associated with third trimester UtA-PI
when compared to spontaneous conception.

Discussion
The results of this study confirmed the hypothesis showing
that uterine perfusion examined by uterine Doppler
studies and measured by PI is different in pregnancy with
ICSI-ED as compared to autologous ICSI and spontaneous
conceptions. ED conception was associated with a lower
UtA-PI at 11–14 weeks, after adjustment for all covariates.
A similar but non-significant trend was also noted in the
second and in the third trimester.
As previously stated, these findings are not negligible
with respect to clinical significance. Effective use of UtA-PI
necessitates correction for maternal characteristics and
medical history, which are affecting the measurement. From
our results, mode of conception appears as a further variable
to consider when calculating MoMs for egg donations.
The current study found different results if compared with the first studies by Prefumo et al. [10] and
Carbone et al. [11], since they did not find any differences

25

in UtA pulsatility index (UtA-PI) when comparing IVF
pregnancies to spontaneous pregnancies. However, the
mentioned studies had different designs, and did not
distinguish between autologous ICSI and ICSI-ED, classifying these two categories in the same group named
“IVF”.
A recent study [18] compared UtA-PI MoMs adjusted
for gestational age, body mass index and maternal ethnicity only in the first trimester differentiating between these
three groups: ED, ICSI and spontaneous conceptions. This
study did not find any difference in UtA-PI between the
groups. However, the authors did not calculate UtA-PI
MoMs of their study groups from their reference population but from an algorithm derived from a previously
published study population, after adjusting for few of
the major confounders [12]. The model by Tayyar et al.
expressed UtA-PI as MoMs, in which significant independent contributions to PI were provided by maternal age,
gestational age, weight, racial origin, a history of PE in
the previous pregnancy and birth weight in the last pregnancy. In this study method of conception was assessed
as spontaneous, ovulation induced or IVF, without distinguishing in this last group the origin of oocyte (autologous
vs. 
heterologous); in this way method of conception
seemed not to affect UtA-PI levels.
The results of our study differentiate with a rigorous
statistical methodology UtA-PI of egg donation as compared to spontaneous and autologous ICSI. In fact, MoMs
of our study groups were defined using our reference population of normal pregnancies with spontaneous conception and correcting for most of the confounders defined by
Tayyar et al. [12].
One of the different hypothesis suggested to explain
the increased incidence of PE in egg donation pregnancies involves a peculiar response of the recipient to trophoblast antigens of the egg donor or vice versa [19]. This
abnormal cross talk and immune response may be either
secondary to the different maternal endocrine characteristics of women undergoing IVF or to the presence
of foreign antigens as it is the case with donor oocytes.
Our results indicate that uterine perfusion is apparently
higher in these women in the first trimester. Explanations
of this finding may be related to the high estrogens provided to these women and the consequent disregulation
in extravillous trophoblast migration and remodelling of
the uterine spiral arteries [20]. Furthermore, as stated by
Thilaganathan in 2016 [21], PE might be the consequence
of the inability of the maternal cardiovascular system to
cope with the significant volume load of pregnancy. Thus,
considering the subgroup of egg-donated women, PE may
present a different pathogenesis: an impaired maternal
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cardiovascular function might be the origin of PE rather
than an impaired placentation (detected by UtA-PI).
During longitudinal evaluation, this difference disappeared in the second and third trimester, in which UtA-PI
levels of egg donation conceptions remained lower than
spontaneous and ICSI conception, although not reaching
statistically significant differences. As expected, maternal age was significantly higher in our ED group than in
the other groups. Uterine perfusion has been shown to
be affected by maternal age [6]. It is reasonable to believe
that aging of the mother will affect this and many other
physiological variables, such as arterial blood pressure
or hepatic and renal metabolism of some hormones.
However, the impact of maternal age in our study was not
statistically significant in the regression model, probably
due to the effect of small sample size. Significance of differences of UtA-PI in our study groups was maintained
even after correcting for maternal age.
The current study is not devoid of limitations. First
and foremost, a significant limitation is related to the low
number of cases. Further prospective studies including the
mode of conception into a predictive model are needed in
order to investigate deeply the trend of the uterine flows,
in particular of those patients who will show abnormal
UtA-PI without a clinical impact and vice versa. Nonetheless, despite this limitation, the findings of the current
study require special consideration since, for the first time,
the impact of the mode of conception on the UtA-PI in the
three trimesters was evaluated distinguishing the origin of
the oocyte. ART pregnancy represents a very heterogeneous group of pregnancies including ovulation induction,
in vitro fertilization, in vitro fertilization with ICSI; moreover, each procedure may be performed with the use of
cleavage stage embryos or blastocyst, with or without the
use of cryopreservation techniques. Our group has previously shown the impact of cryopreservation of blastocyst
on the measurement of the nuchal translucency, which
appears significantly increased in this subgroup [22].
Moreover, we have recently reported altered first trimester
maternal serum placenta marker levels in ED as well as in
autologous IVF/ICSI pregnancies [23].
In conclusion, pregnancies conceived with egg donation presented lower UtA-PI at 11 + 0–13 + 6 weeks’ when
compared to spontaneous conception, after adjustment
for maternal age, BMI, race, parity, smoking status and
gestational age.
Our study suggests that ART pregnancies are a heterogeneous group of pregnancies, which deserve further classification and study. Correction of UtA-PI MoMs specifying
the origin of oocyte (autologous ICSI or egg donation) may
be useful in risk assessment and screening algorithms.

Acknowledgments: We acknowledge physicians, bio
logists and midwifes in Prenatal Diagnosis and Infertility
Units of San Raffaele Hospital for their voluntary cooperation, which made possible this non-funded research.
Author’s statement
Conflict of interest: Authors state no conflict of interest.
Material and methods: Informed consent: Informed
consent has been obtained from all individuals included
in this study.
Ethical approval: The research related to human subject
use has complied with all the relevant national regulations, and institutional policies, and is in accordance
with the tenets of the Helsinki Declaration, and has been
approved by the authors’ institutional review board or
equivalent committee.

References
[1] Pijnenborg R, Vercruysse L, Hanssens M. The uterine spiral
arteries in human pregnancy: facts and controversies.
Placenta. 2006;27:939–58.
[2] Hypertension in pregnancy. Obstet Gynecol. 2013;122:1122–31.
[3] McDonald SD, Han Z, Mulla S, Murphy KE, Beyene J, Ohlsson
A. Preterm birth and low birth weight among in vitro fertilization singletons: a systematic review and meta-analyses. Eur J
Obstet Gynecol Reprod Biol. 2009;146:138–48.
[4] van der Hoorn MLP, Lashley EELO, Bianchi DW, Claas FHJ,
Schonkeren CMC, Scherjon SA. Clinical and immunologic
aspects of egg donation pregnancies: a systematic review.
Hum Reprod Update. 2010;16:704–12.
[5] Akolekar R, Syngelaki A, Sarquis R, Zvanca M, Nicolaides KH.
Prediction of early, intermediate and late pre-eclampsia from
maternal factors, biophysical and biochemical markers at
11–13 weeks. Prenat Diagn. 2011;31:66–74.
[6] Cetin I, Huppertz B, Burton G, Cuckle H, Gonen R, Lapaire O,
et al. Pregenesys pre-eclampsia markers consensus meeting:
what do we require from markers, risk assessment and model
systems to tailor preventive strategies? Placenta. 2011;32:S4–16.
[7] Bujold E, Roberge S, Lacasse Y, Bureau M, Audibert F, Marcoux
S, et al. Prevention of preeclampsia and intrauterine growth
restriction with aspirin started in early pregnancy. Obstet
Gynecol. 2010;116:402–14.
[8] Roberge S, Villa P, Nicolaides K, Giguère Y, Vainio M, Bakthi A,
et al. Early administration of low-dose aspirin for the prevention of preterm and term preeclampsia: a systematic review
and meta-analysis. Fetal Diagn Ther. 2012;31:141–6.
[9] O’Gorman N, Wright D, Rolnik DL, Nicolaides KH, Poon LC.
Study protocol for the randomised controlled trial: combined
multimarker screening and randomised patient treatment with
ASpirin for evidence based PREeclampsia prevention (ASPRE).
BMJ Open 2016;6:e011801.
[10] Prefumo F, Fratelli N, Soares SC, Thilaganathan B. Uterine
artery Doppler velocimetry at 11–14 weeks in singleton

Brought to you by | Università degli Studi di Milano
Authenticated
Download Date | 7/25/19 9:47 AM

Inversetti et al., UtA-PI at 11–38 weeks in ICSI pregnancies with egg donation

[11]

[12]

[13]

[14]

[15]

[16]

pregnancies conceived by assisted reproductive technology.
Ultrasound Obstet Gynecol. 2007;29:141–5.
Carbone IF, Cruz JJ, Sarquis R, Akolekar R, Nicolaides KH.
Assisted conception and placental perfusion assessed by
uterine artery Doppler at 11-13 weeks’ gestation. Hum Reprod.
2011;26:1659–64.
Tayyar A, Guerra L, Wright A, Wright D, Nicolaides KH. Uterine
artery pulsatility index in the three trimesters of pregnancy:
effects of maternal characteristics and medical history. Ultrasound Obstet Gynecol. 2015;45:689–97.
Pilalis A, Souka AP, Antsaklis P, Basayiannis K, Benardis P,
Haidopoulos D, et al. Screening for pre-eclampsia and small
for gestational age fetuses at the 11–14 weeks scan by uterine
artery Dopplers. Acta Obstet Gynecol Scand. 2007;86:530–4.
Plasencia W, Maiz N, Poon L, Yu C, Nicolaides KH. Uterine artery
Doppler at 11 + 0 to 13 + 6 weeks and 21 + 0 to 24 + 6 weeks in
the prediction of pre-eclampsia. Ultrasound Obstet Gynecol.
2008;32:138–46.
Pilalis A, Souka AP, Antsaklis P, Daskalakis G, Papantoniou
N, Mesogitis S, et al. Screening for pre-eclampsia and fetal
growth restriction by uterine artery Doppler and PAPP-A
at 11–14 weeks’ gestation. Ultrasound Obstet Gynecol.
2007;29:135–140.
Gómez O, Figueras F, Fernández S, Bennasar M, Martínez JM,
Puerto B, et al. Reference ranges for uterine artery mean pulsatility index at 11–41 weeks of gestation. Ultrasound Obstet
Gynecol. 2008;32:128–32.

27

[17] R Core Team: R: A language and environment for statistical
computing [Internet]. Available from: http://www.R-project.
org/.
[18] Rizzo G, Aiello E, Pietrolucci ME, Arduini D. Placental volume
and uterine artery Doppler evaluation at 11 + 0 to 13 + 6 weeks
of gestation in pregnancies conceived with in vitro fertilization:
comparison between autologous and donor oocyte recipients.
Ultrasound Obstet Gynecol. 2015;47:726–31.
[19] Klatsky PC, Delaney SS, Caughey AB, Tran ND, Schattman GL,
Rosenwaks Z. The role of embryonic origin in preeclampsia.
Obstet Gynecol. 2010;116:1387–92.
[20] Bonagura TW, Babischkin JS, Aberdeen GW, Pepe GJ,
Albrecht ED. Prematurely elevating estradiol in early baboon
pregnancy suppresses uterine artery remodeling and
expression of extravillous placental vascular endothelial
growth factor and α1β1 and α5β1 integrins. Endocrinology.
2012;153:2897–906.
[21] Thilaganathan B. Association of higher maternal blood
pressure with lower infant birthweight. Hypertension.
2016;67:499–500.
[22] Cavoretto P, Dallagiovanna C, Vigano P, Somigliana E, Persico
N, Papaleo E, et al. First trimester combined screening test
in pregnancies derived from blastocyst transfer. Eur J Obstet
Gynecol. 2016;198:50–5.
[23] Savasi VM, Mandia L, Laoreti A, Ghisoni L, Duca P, Cetin I. First
trimester placental markers in oocyte donation pregnancies.
Placenta. 2015;36:921–5.

Brought to you by | Università degli Studi di Milano
Authenticated
Download Date | 7/25/19 9:47 AM

