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Abstract
Introduction  Knowledge about the mechanisms leading 
to the establishment of uteroplacental vascularisation 
is inadequate, and some of what has been thought to 
be known for decades has recently been challenged 
by showing that the intervillous space, the major area 
of maternal-fetal exchange, appears to be perfused by 
maternal blood at as early as 6 weeks of gestation. The 
vascular flow then seems relatively constant until 13 
weeks when it appears to increase suddenly.
Objectives  The principal objective is to quantify the 
perfusion of the intervillous space by contrast-enhanced 
ultrasonography (CEUS) during the first-trimester at three 
different gestational ages (8, 11 and 13 weeks). The 
secondary objectives are to: (1) describe the indicators 
of vascularisation of the placenta (intervillous space) and 
the myometrium at the three gestational ages, measured 
by CEUS and three-dimensional power Doppler (3DPD) 
angiography; (2) compare the diagnostic performance of 
CEUS and 3DPD for the demonstration and quantification 
of uteroplacental vascularisation and (3) establish a 
biological collection of placentas to increase knowledge 
about placental development and functions during 
pregnancy.
Methods and analysis  This is a prospective, cross-
sectional, multicentre and non-randomised open study. 
We will include 42 women with ongoing pregnancy and 
divided into three groups of gestational ages (ie, 14 
women by per group): 8, 11 and 13 weeks of gestation. 
3DPD and then CEUS will be performed and the data 
about the perfusion kinetics and the 3DPD indices will be 
calculated and then compared with each other and for 
each gestational age.
Ethics and dissemination  The appropriate French 
Ethics Committee Est III approved this study and the 
related consent forms on 5 April 2016, and the competent 
authority (Agence Nationale de Sécurité du Médicament 
et des Produits de Santé) authorised the study on 21 
June 2016. The results of this study will be published in 

a peer-reviewed journal and will be presented at relevant 
conferences.
Trial registration numbers  ​ClinicalTrials.​gov registry 
(NCT02884297); EudraCT registry (2015-005655-27).

Introduction
Preeclampsia and intrauterine growth restric-
tion (IUGR) are two principal complications 
of pregnancy that account for more than 30% 
of maternal and fetal morbidity and mortality. 
These diseases, which affect from 4% to 7% 
of pregnancies, are related to chronic utero-
placental hypoperfusion, and knowledge of 
its pathophysiological mechanisms remains 
inadequate. Currently, the major hypothesis 
is that defective trophoblastic invasion during 
the first trimester leads to chronic uteropla-
cental hypoperfusion.1

The mechanisms that establish utero-
placental vascularisation during the first 

Strengths and limitations of this study

►► The recent data will be confirmed in our study with 
a larger number of women.

►► To our knowledge, this will be the first study com-
paring three-dimensional power Doppler (3DPD) 
with contrast-enhanced ultrasonography. Should the 
results demonstrate the value of 3DPD, studies with 
a longitudinal follow-up, that is, of ongoing pregnan-
cies, could be conducted and would enable imaging 
data to be correlated with final pregnancy outcomes.

►► The groups are selected by gestational age.
►► The pathophysiological interpretation of the data will 
be limited by the absence of information about preg-
nancy outcome.
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trimester were described several decades ago, based on 
pathology studies, in the absence of functional imaging 
tools applicable in vivo in pregnant women.2 3 The pres-
ence of trophoblastic (also called endovascular) plugs 
in the spiral arteries was thought to prevent perfusion 
of the intervillous space until approximately 10 weeks 
of gestation, to enable the trophoblast to develop in a 
favourable hypoxic situation. More recently, ultrasound 
(US) exploration seemingly confirming the absence of a 
Doppler signal before 12 weeks strengthened this hypoth-
esis.4 5 Other work, notably histological exploration of 
early-pregnancy hysterectomy specimens suggesting the 
absence of vascular ‘connection’ before 8 weeks of gesta-
tion between the maternal network and the intervillous 
space and physiological explorations showing the mainte-
nance of a hypoxic environment within the placenta up 
to 10 weeks of gestation also pointed in this direction at 
the beginning of this century.2 6

On the other hand, the chronology and conditions 
leading to the disappearance of these plugs remained 
unknown. Based on this knowledge, it was suggested 
the origin of the chronic placental hypoperfusion 
phenomena observed in preeclampsia and IUGR might 
be the premature disappearance of these plugs and 
therefore the loss of the hypoxic environment.7–11

This entire set of pathophysiological hypotheses was 
called into question in 2017. Specifically, Roberts et al12 
applied a modern technique of functional imaging—
contrast-enhanced ultrasonography (CEUS)—to the 
placenta to show that the intervillous space was perfused 
by 6 weeks of gestation.12 They suggested in particular 
that the plugs disappear between 6 and 8 weeks.

This exploratory work thus presents major interest in 
terms of the physiological understanding of uteropla-
cental perfusion in the first trimester. Nonetheless, the 
study design and the number of pregnancies studied 
did not make it possible to go farther in understanding 
the quantitative course of this perfusion of the intervil-
lous space. Accordingly, the authors observed quantita-
tive modification of vascular flow within the intervillous 
space only starting at 13 weeks; they accordingly hypoth-
esised that late remodelling of the radial arteries led to 
the reduction of vascular resistance. It is nonetheless 
also possible that the study lacked the power to show 
quantitative differences in vascular flow between 6 and 
13 weeks.

These new data must imperatively be confirmed by 
other studies with more subjects, designed in principle 
with the objective of quantifying flow as a function of 
gestational age. The demonstration of blood within the 
intervillous space at 6 weeks of gestation was possible 
through the use of a US contrast product, known to be 
strictly intravascular.

Three-dimensional power Doppler (3DPD) angi-
ography is another innovative technique for func-
tional placental imaging. First described in 2004, it 
has the major interest of being usable in pregnant 
women because it has no teratogenic risk.13 It appears 

to present a major potential interest for the study of 
pathophysiological phenomena associated with utero-
placental vascularisation.14 15 This technique, however, 
has only been assessed at a gestational age of 11 weeks.16 
Its principal limitations are the absence of absolute 
specificity of the Doppler signal for blood flow and the 
impossibility of differentiating maternal and fetal flow. 
Accordingly, it would be interesting to assess whether 
3DPD angiography might make it possible to quantify 
early perfusion of the intervillous space, by comparing 
it with CEUS, which is specific for maternal blood flow. 
If this is the case, contrast product would no longer be 
necessary for exploring uteroplacental vascularisation 
during pregnancy.

Objective
Primary objective
The principal objective is to quantify the perfusion of the 
intervillous space by CEUS during the first trimester at 
three different gestational ages: 8, 11 and 13 weeks.

Secondary objectives
►► Describe the indicators of vascularisation of the 

placenta (intervillous space) and the myometrium 
at the three gestational ages, measured by CEUS and 
3DPD.

►► Compare the diagnostic performance of CEUS and 
3DPD for the demonstration and quantification of 
uteroplacental vascularisation.

►► Establish a biological collection of placentas to 
increase knowledge about placental development and 
functions during pregnancy.

Methods
Trial design
Prospective, physiological, cross-sectional, multicentre 
and non-randomised open study. This is a multicentre 
study including a level III university hospital centre 
(CHRU Nancy) and a level II regional hospital centre 
(CHR Metz).

Study population
Table 1 presents the inclusion and non-inclusion criteria 
and figure  1 presents the flowchart of the study. The 
participants in this study are women with ongoing preg-
nancy at the first-trimester. The analysis of uteropla-
cental vascularisation by CEUS can only be performed 
in contexts of elective abortion, as the contrast product 
is not authorised for use in ongoing pregnancies.

Before inclusion, the women will be informed of the 
aim, the procedures and the predictable risks of the study 
(no identified clinical risk) by the principal investigator.

US acquisition
The US acquisition will begin in 2D mode by measure-
ment of the crown-rump length to verify gestational age 
and study group. The position of the placenta will be 
noted and the Doppler spectrum of the uterine arteries, 
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Table 1  Inclusion and non-inclusion criteria

Inclusion criteria Non-inclusion criteria

►► Woman age ≥18 years
►► Gestational age
8 WG Group: 8 to 8+6
11 WG Group: 11 to 11+6
13 WG Group: 13 to 13+6

►► Body mass index≤40 kg/m².
►► Have given informed and written consent.
►► Have confirmed her request of surgical elective abortion.

►► Contraindication to contrast injection: hypersensitivity to 
sulfur hexafluoride or any of the other ingredients, history of 
cardiac disease, respiratory distress syndrome and severe 
pulmonary hypertension.

►► Woman considered at risk of IUGR/PE: history of PE or 
IUGR, autoimmune disease, chronic high blood pressure 
and diabetes.

►► Woman unable to understand or follow the procedure of the 
study.

IUGR, intrauterine growth restriction; PE, preeclampsia; WG, Weeks of Gestation.

Figure 1  Flowchart.

spiral arteries and radial arteries will be recorded, with 
measurements of the pulsatility and resistance indices.

First, the 3D Doppler acquisitions will be performed 
at four different predetermined settings (impact of the 
settings currently underway: NCT03342014). The instru-
ment used will be a Voluson S8 (General Electric Health-
care) with a volumetric convex abdominal transducer 
(4–8 MHz).

Next, the CEUS acquisitions will be performed with a 
Logiq E9 (General Electric Healthcare) and an abdom-
inal transducer (1–5 MHz). The US contrast product 
used will be Sonovue (Bracco Imaging, Italy), adminis-
tered by bolus injection. A volume of 2.4 mL of contrast 
product will be injected per patient, and repeated once 
if necessary.

Settings and equipments are standardised between the 
two centres.

Image analysis
3DPD angiography
The images will be analysed with VOCAL software, which 
makes it possible to define a volume of interest and to 

quantify the Doppler signals to calculate the vascular-
ization indices vasculazisation index (VI), flow index 
(FI) and vascularization flow index (VFI) automatically 
(figure  2). Each volume will be recorded and analysed 
independently. Two regions of interest will be traced: one 
focused on the placenta and the other on the myome-
trium (placental bed).

CEUS
The images will be analysed with specific software that 
makes it possible to trace the regions of interest and to 
view the perfusion curves and to extract semiquantitative 
perfusion indicators from them (figure 3).

Placenta collection and analyses
The placentas will be collected and transferred fresh 
for preparation. The placental villi will be isolated and 
rinsed in saline solution. A portion of the villi (approxi-
mately 1–2 cm3 of tissue) will be frozen at −80°C for the 
subsequent extraction of RNA and specific proteins. For 
an immunohistochemical analysis, a second portion will 
be fixed in buffered formalin for inclusion in paraffin, 
and serial sections of 5 µm will be made on superfrost 
slides. The markers of oxidative stress will be specifically 
studied. The third portion will be fixed in formalin, 
diluted to 4% and kept at 4°C in order to perform a 
confocal microscopic analysis.

All the villi will be collected, and we consider that it 
is representative sampling of the placenta. However, it 
will be not possible to perform a spatial localisation of 
the villi because placenta if surgically collected and as 
multiple parts.

Outcomes
The principal endpoint is the measurement (in arbitrary 
units) of signal intensity in the intervillous space during the 
first trimester (at 8, 11 and 13 weeks), obtained by CEUS.

The secondary outcome measures are:
1.	 Measurement of indicators of vascularisation in the in-

tervillous space and the myometrium: signal intensity 
and perfusion kinetics.

2.	 Comparison of the quantitative data about uteropla-
cental vascularisation obtained with each technique.
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Figure 2  Three-dimensional power Doppler (3DPD) analysis.

Figure 3  Contrast-enhanced ultrasound analysis.

3.	 Procurement of placental villi that can be analysed to 
study human placental development and functions.

Participant timeline
The enrolment of women began in October 2016. In 
view of the recruitment capacity of our institutions, the 
recruitment should be completed by November 2019.

Patient and public involvement
Patients and public were not involved.

Premature ending of patient participation
Participants will be excluded from the study in the 
following situations:

►► Lack of CEUS acquisition.
►► Withdrawal of consent before the end of the study.
Patients will be immediately excluded from the study 

and replaced with other new participants. Any decision 
to withdraw consent will not affect the patient’s routine 
medical care. In the case of an adverse event related to 
the study, the patient will be informed and excluded. 
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Table 2  Data collected

Family history
Preeclampsia, intrauterine growth restriction, venous thromboembolic disease, 
high blood pressure and diabetes

Obstetrical history Parity, history of postpartum haemorrhage, history of pregnancy loss or 
intrauterine fetal death
Fibroma or uterine malformation.

Clinical data Body mass index
Proteinuria
Blood pressure (systolic and diastolic)
Smoking

Current treatments  �

Ultrasound and pregnancy data Date of pregnancy; Crown-rump length (CRL), placental position, depth from 
the maternal abdomen, blood pressure and heart rate at the beginning of CEUS 
acquisition

CEUS, contrast-enhanced ultrasonography.

She will also receive what additional medical care is 
necessary or appropriate.

Follow-Up
No specific follow-up has been planned for participants 
except for standard routine healthcare. Any adverse 
events will be noted and reported.

Sample size consideration
In view of recent data from the literature,12 to show a 
difference in signal intensity between the three groups 
(8, 11 and 13 weeks) with α (corrected for the multiple 
comparison) and β risks set, respectively, at 0.017% and 
10%, we should have 14 women in each group at analysis, 
that is, 42 women in all.

Data collection and management
An electronic case report file (e-CRF) will be created for 
each woman. The women's anonymity will be ensured 
by mentioning to the maximum extent possible their 
research code number, followed by the first letters of the 
last name and first name of the participant on all neces-
sary documents or by deleting their names by appropriate 
means (white-out) from the copies of source documents 
intended to document the study.

The US data will be anonymised and transferred via 
a secure server for storage and archiving directly in the 
ArchiMed database, reported to the Commission Natio-
nale de l'Informatique et des Libertés (CNIL report 
number: 1410005) because they cannot be transcribed 
in the e-CRF. The clinical data concerning the woman 
collected are shown in table 2.

Statistical analysis
The quantitative indicators will be described by their 
means±SD, medians, and maximum and minimum 
values, the qualitative indicators by the number of 
individuals and percentages. The mean values will be 
compared between the groups by Student's t-test or the 
Mann-Whitney test, matched or not, depending on the 

type of data. The comparison of imaging techniques will 
be completed by Bland-Altman plots.

The analyses will be performed with R software.
No interim analysis is planned.
No statistical criterion for stopping the study is planned.

Quality control
Right of access to data and source documents
The medical data of each patient will only be trans-
mitted to the sponsor (Metz-Thionville Regional Hospital 
Centre, CHR Metz-Thionville) or any person duly autho-
rised by the sponsor and, where applicable, to the autho-
rised health authorities, under conditions guaranteeing 
their confidentiality.

The sponsor and the regulatory authorities may request 
direct access to the medical file for verification of the 
procedures and/or data of the clinical trial, without 
violating confidentiality and within the limits permitted 
by laws and regulations.

For research purposes, the processing of personal data 
relating to persons undergoing research will be carried 
out.

These data are collected and processed solely on the 
basis of the legal grounds provided for by statute and 
regulations in the context of the performance of the 
public interest missions of the Metz-Thionville CHR, in 
particular those relating to ensuring and contributing 
to research and innovation (Article 6.1.e of the General 
Data Protection Regulation (GDPR)). The processing 
of personal data of persons participating in research is 
permitted by the exception provided for in Article 9.2(i) 
and (j).

This data processing is part of the MR001 reference 
methodology that the Metz-Thionville CHR has under-
taken to respect.

In accordance with the GDPR, persons participating in 
research have a right of access to their data (Article 15), 
a right of rectification (Article 16), a right to erase their 
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data (right to forget) under the conditions provided for 
in Article 17, a right to limit the processing provided for 
in Article 18 and a right to object to the processing of 
their personal data (Article 21). These rights are exer-
cised with the investigators, who will inform the research 
sponsor as soon as possible.

The persons participating in the research also have a 
right to complain to the supervisory authority in France, 
namely, CNIL.

Study monitoring
The monitoring will be performed by the appropriate 
department of the Support Platform for Clinical Research 
of CHR Metz-Thionville, throughout the study.

A Clinical Research Associate (CRA) will travel regu-
larly to each centre to perform the quality control of the 
e-CRF data.

The CRA will verify that the research is conducted 
according to the protocol provided in accordance with 
regulations and will ensure that every e-CRF contains all 
the information requested.

Each patient's e-CRF must be consistent with the source 
documents.

The investigators will allocate adequate time for such 
monitoring activities. The investigators will also make 
sure that the monitor or other compliance or quality 
assurance reviewer is given access to all the above noted 
study-related documents and study-related facilities (eg, 
US, diagnostic laboratory and so on), and has adequate 
space to conduct the monitoring visits.

Data management and quality control
Data management will be carried out by the clinical 
research team CIC-IT of Nancy (INSERM CIC 1433). 
The data images (US) will be automatically transferred 
to Nancy CIC-IT and stored after verification in the 
ArchiMed database declared to the French authorities 
(CNIL declaration number: 1410005).

Patient data protection
Each patient must be identified on the e-CRF, US data 
and placenta collection with her initials and identification 
number indicating her order of inclusion into the study. 
The investigators must keep the list of all the patients, 
including identification numbers, full names and last 
known addresses.

Patients must be informed in writing about the possi-
bility of audits by authorised representatives of the 
sponsor and/or regulatory authorities, in which case the 
relevant parts of study-related hospital records may be 
required.

Patients must also be informed that the results obtained 
will be computerised and analysed, that local laws will 
be applied, that their confidentiality will be preserved, 
and that they are entitled to obtain any information 
concerning the data stored and analysed by the comput-
erised system.

Potential risks related to the study
This study may expose the women participating in it to 
rare, transient and mild side effects. It will comply at all 
times with the Good Clinical Practices defined by the 
Ministry of Health.

The only constraint associated with the study is the 
addition of 3D Doppler acquisitions after the standard 
2D US; these acquisitions will prolong the procedure by 
10 min. The medical devices (Voluson and Logiq E9, GE 
Healthcare) are CE-marked and used routinely in clinical 
practice.

The contrast product (SonoVue) is authorised for use 
in exploring lesions of the liver, breasts and great vessels. 
It will be used according to the guidelines described in 
the summary of product characteristics in its French 
marketing authorisation. In the current state of knowl-
edge about the safety of contrast products (which have not 
yet been authorised for use during pregnancy), adequate 
evidence exists to affirm their absence of permanent or 
serious adverse effects among women.

Ethical permission
The sponsor and all investigators undertake to conduct 
this study in accordance with the Declaration of Helsinki 
(Ethical Principles for Medical Research Involving 
Human Subjects, Tokyo 2004) and its updates, the provi-
sions of European Directive 2001/20-CE as transposed 
into French law by L. 2004-806 dated 9 August 2004, on 
public health policy and 2004-800 dated 6 August 2004, 
on bioethics and their implementation decrees, and 
to comply with the guidelines of Good Clinical Prac-
tices (I.C.H. version 4 of 1 May 1996 and Decision of 24 
November 2006).

They undertake to adhere to all legislative and regula-
tory provisions that may concern the research. In accor-
dance with Article L. 1123–6 of the Public Health Code, 
the sponsor has submitted the research protocol the 
sponsor to the appropriate Committee and the related 
consent forms on 5 April 2018 (Number 16.03.02). The 
competent authority authorised the study on 21 June 
2018 (Number 160 187A 12).

The research is to be conducted in accordance with the 
present Protocol. The investigators undertake to respect 
the protocol in all respects, especially with regard to 
obtaining consent and the notification and follow-up of 
serious adverse events.

Information letter and informed consent
Research participants will be informed of the objectives 
and constraints of the study, their rights to refuse to partic-
ipate in the study or to withdraw from the study at any 
time. When all essential information has been conveyed 
to the subject and the investigators have ensured that the 
patient has understood the implications of participating 
in the trial, the patient's written consent shall be obtained 
by an investigator in two original copies. A copy of the 
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information forms and signed consents will be given to 
the patient (online supplementary annexe 1).

The investigator will retain the second copy for a 
minimum of 15 years.

Protocol amendment
The sponsor must be informed of any proposed amend-
ment to the protocol by the coordinating investigator. 
The changes must be described, substantive or not.

A substantial change is a change which is susceptible, 
in one way or another, to modify the assurances made to 
participants who consent to biomedical research (modifi-
cation of an inclusion criterion, extending the inclusion 
period, participation of new centre, so on).

Once the research has begun, any substantial modifica-
tion thereof at the initiative of the sponsor must obtain, 
prior to its implementation, a favourable approval of the 
committee and an authorisation from the competent 
authority. In this case, if necessary, the committee ensures 
that a new consent from individuals participating in 
research is obtained.

Any substantial change requires that an authorisation 
request be made by the sponsor to the ANSM and/or a 
notification request by the CPP in accordance with legis-
lative regulation no. 2004-806 of 9 August 2004.

Final research report
The coordinator and the mandated biostatistician will 
collaboratively write the final research report. This report 
will be submitted to each of the investigators for review. 
Once consensus has been reached, the final version must 
be endorsed with the signature of each of the investigators 
and sent to the sponsor as early as possible after the effec-
tive end of the research. A report prepared according to 
the reference plan of the competent authority must be 
forwarded to the competent authority and the CPP within 
a year after the end of the research.

Discussion
This study is a follow-up to that recently published by 
Roberts et al.12

Our first objective is to confirm their data, that is, the 
existence of early perfusion of the intervillous space (from 
8 weeks of gestation) and an increase in vascular flow 
starting at 13 weeks. We also seek to explore the course of 
vascular flow rates with gestational age to test both of the 
hypotheses advanced about the absence of modification 
of flow before 13 weeks: lack of power or external regula-
tory factors (remodelling of the radial arteries)?

To test the first hypothesis, we chose to increase the 
number of individuals in each group and to select three 
gestational age targets: 8, 11 and 13 weeks of gestation. 
A significant result between 8 and 13 weeks and between 
11 and 13 weeks is expected and would thus confirm the 
data of Roberts et al. The intermediate group at 11 weeks 

was chosen arbitrarily and its size was calculated to be able 
to show a difference between 8 and 11 weeks.

To test the second hypothesis, and as Roberts and Frias 
have suggested, we will examine vascular resistance of the 
radial arteries at these different gestational ages and assess 
the level of correlation between the changes in resistance 
and in blood flow within the intervillous space.5 17 18

The major difference between their study and ours 
is the choice of contrast product, a choice linked solely 
to the product available by geographic zone. They used 
Definity while in Europe; we use Sonovue. In principle, 
this difference will have no effect on the comparison 
of our results, as their properties and performance are 
similar.19

Moreover, we have chosen to perform 3DPD angiog-
raphy at the same time to assess the applicability of this 
technique for the detection of blood flow before 11 weeks. 
The use of Doppler in the first trimester of pregnancy 
is a problem mainly when used with regard to the fetus. 
Indeed, the main hypothesis is the rise in temperature 
that can alter organogenesis and induce spontaneous 
malformations or miscarriages. In this study protocol, the 
acquisitions are focused on the placenta and on sections 
where the fetus is not visible. There is, therefore, no priori 
any fetal risk. Obviously, a safety assessment study will be 
needed before it is used in clinical practice. Should there 
be a high correlation between the 3DPD indices and the 
indicators of perfusion by CEUS, future studies will be 
able to choose only the 3DPD, which will make it possible 
to envision a longitudinal follow-up.

For placental analysis, we expect to perform a confocal 
microscopic analysis, immunohistochemichal analysis 
and extraction of RNA and specific protein. We will 
consider to perform also a histomorfometric analysis as 
Rizzo et al.20

Trial status
This is an ongoing trial. Recruitment began in October 
2016. We expect to complete recruitment by November 
2019. We plan to publish final results in 2020.
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