
 

 

 

The overlooked organ

Citation for published version (APA):

Schiffer, V. M. M. M. (2022). The overlooked organ: placental adaptation and visualisation . [Doctoral
Thesis, Maastricht University]. Ipskamp Printing BV. https://doi.org/10.26481/dis.20220422vs

Document status and date:
Published: 01/01/2022

DOI:
10.26481/dis.20220422vs

Document Version:
Publisher's PDF, also known as Version of record

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.26481/dis.20220422vs
https://doi.org/10.26481/dis.20220422vs
https://cris.maastrichtuniversity.nl/en/publications/48d8d979-98e8-4fee-b0cf-a5b59feb7371


V.M.M.M. SCHIFFER



© V.M.M.M. Schiffer, Maastricht 2022.

ISBN: 978-94-6421-667-7 

Cover design and layout: © evelienjagtman.com
Figures: Sarah Sijstermans
Print: Ipskamp Printing 

The research presented in this thesis was performed within GROW, School for Oncology 
and Developmental Biology at Maastricht University.

All rights are reserved. No part of this book may be reproduced or distributed in any form 
or by any means, without prior written permission of the author. 



Proefschrift

Ter verkrijging van de graad van doctor aan de Universiteit van Maastricht,
Op gezag van Rector Magnificus, Prof. dr. Pamela Habibovic,

Volgens het besluit van het college van Decanen,
In het openbaar te verdedigen op vrijdag 22 april 2022 om 10.00 uur

Door

Veronique Margot Marc Maria Schiffer



Promotor
Prof. dr. M.E.A. Spaanderman

Copromotoren
Dr. S. Al-Nasiry
Dr. S.M.J. van Kuijk

Beoordelingscommissie
Prof. Dr. Kruitwagen (voorzitter)
Prof. Dr. Bloemenkamp
Prof. Dr. zur Hausen
Prof. Dr. Jacquemyn
Prof. Dr. Robben



TABLE OF CONTENTS

Chapter 1 General introduction 9

Part I  (MAL) ADAPTATION during pregnancy

Chapter 2 Spiral artery blood flow during pregnancy: a systematic review 
and meta-analysis

27

Chapter 3 Adjustments in uterine artery blood flow during pregnancy: 
a systematic review and meta-analysis

55

Chapter 4 The association between first trimester placental biomarkers 
and placental lesions of maternal vascular malperfusion

89

Part II VISUALISATION of the placenta

Chapter 5 Feasibility of Three Dimensional Power Doppler Ultrasonography 
methods to assess placental perfusion

115

Chapter 6 Placenta echografie in de Nederlandse obstetrische zorg; op 
zoek naar lacunes

137

Chapter 7 Ultrasound evaluation of the placenta in healthy and placental 
syndrome pregnancies: a systematic review

157

Chapter 8 Phenotyping early- and late-onset placental syndrome: an 
integrated model of maternal Dopplers, biomarkers and 
placental pathology

193

Chapter 9 General discussion 215

Chapter 10 Impact paragraph 239

Appendix

Summary/Samenvatting 247

Curriculum Vitae 257

List of publications 261

Dankwoord 269





A diseased foetus without its placenta is an imperfect specimen, and a description of a 
foetal malady, unless accompanied by a notice of the placental condition, is incomplete. 
Deductions drawn from such a case cannot be considered as conclusive, for in the missing 
placenta or cord may have existed the cause of the disease and death. During intrauterine 
life the foetus, the membranes, the cord and the placenta form an organic whole, and 
disease of any part must react upon and affect the others.
 
John William Ballantyne (The Diseases and Deformities of the Foetus, 1892)
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1WHY DO WE HAVE A PLACENTA?

Reproductive organisms give rise to live-born young by two basic means; live-bearing 
or egg-laying, in which the latter does not have a placenta. One fascinating form of 
live-bearing organisms are seahorses, where the female lays her eggs in a specialized 
pouch of the male, making him one of the rare male pregnant organisms on earth that 
carries embryos to term. Most female mammals, among which humans, belong to the 
live-bearing species that will brood on their offspring in utero. Although the benefits from 
internal offspring development (including protection from environmental fluctuations 
and producing larger offspring with a higher rate of survival) are great, they come with 
high energetic costs for the mother owing to the transfer of heat, oxygen and nutrients. 
To meet these demands, mammals have developed a specialised organ that is the first to 
form during gestation; the placenta. As a result of evolutionary adaptation, humans, having 
relatively the most complex gestation among mammals, have perfected the placenta into 
its current haemochorial type (1-4). 

About seven days after fertilization, the embryo has undergone a series of cell divisions and 
is called a blastocyst, compromising of 200 to 300 cells. Following successful implantation 
into the uterine wall, the embryo relies on the yolk sac or maternal secretions for its 
bioenergetics needs. Around 12 weeks of gestation, the placenta takes over and performs 
for the foetus functions that after birth will require multiple vital organs of the child, 
including lungs, liver and kidneys (2). Although the placenta accounts for only 10-20% of 
the total uterine mass at term, metabolic needs consume up to 40-60% of the oxygen 
and glucose that is delivered to the uterus (1). No organ can match the placenta for the 
diversity of its functions, often summarized as providing nutrients and oxygen to the foetus 
and receiving waste products that are subsequently eliminated by the maternal system.
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HOW DOES THE PLACENTA DEVELOP?

Placental formation
Implantation in the human uterine wall is typically described as a highly invasive process, 
during which the conceptus becomes completely embedded within the superficial 
endometrium. The human placental development starts when the blastocyst adheres to 
the endometrium seven days after fertilization, after which the outer layer differentiates 
into the syncytiotrophoblast and cytotrophoblast. The latter secretes enzymes that break 
down the bond between endometrial cells, helping tongues of syncytiotrophoblast to 
infiltrate between the uterine epithelial cells.

In the second week after implantation, the trophoblast shows considerable progress in 
development, particularly at the embryonic pole, where vacuoles appear in the syncytium. 
When these vacuoles fuse, they become large lacunae that form an intercommunicating 
network, which is filled with tissue fluids and uterine secretions. The syncytiotrophoblast 
will grow more into the uterine wall and erodes the endothelial lining of the maternal vessel 
walls, known as sinusoids. The syncytial lacunae become continuous with the sinusoids, 
and maternal blood enters the lacunar system. This is the beginning of the formation 
of the utero-placental circulating system. The circulation of the mother and embryo get 
closer together, allowing for exchange of gases and metabolites via diffusion. However, 
maternal and foetal circulations never come into direct contact with each other, but are 
separated by a thin layer of syncytiotrophoblast. With advancing gestation, the lacunae 
communicate with each other and form a single, connected system that is delimited by 
the synctiotrophoblast and is termed the intervillous space (5). In parallel, cells of the 
cytotrophoblast proliferate locally and penetrate into the syncytiotrophoblast, forming 
cellular columns surrounded by syncytium, known as primary villi. At the beginning of 
the third week, mesodermal cells penetrate the core of primary villi and grow towards 
the decidua. This newly formed structure is known as secondary villus, and by the end of 
the third week after implantation, the mesodermal cells start to differentiate into blood 
cells and small blood vessels, forming the villous capillary system. At that moment, the 
villus is referred to as tertiary or definitive placental villus and makes contact with the 
intraembryonic circulatory system, to establish support of nutrients and oxygen to the 
embryo when its heart begins to beat in the fourth week of development (6). 

Placental anatomical and functional changes mainly take place during the first- and 
beginning of the second trimester. In this way, the blueprint of the placenta is established 
(7). Consequently, both placental volume and -vasculature grow in size and complexity 
allowing for the formation of the maternal and foetal component. During the late second- 
and third trimester, the placenta functions as a well-developed, discoid shaped organ that 
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1provides adequate nutrients and oxygen to the foetus. Eventually, a cascade of processes 
activated via placental mediators induce the end of pregnancy and the birth of the child and 
the placenta. Although the exact mechanism of labour remains uncertain, it is known that 
a combination of placental epigenetic, -endocrine and -paracrine mechanisms determine 
the expiration date of this organ and an imbalance or failure of these mechanisms can 
result in preterm birth (8).

 
Figure 1. Schematic overview of placental developmental processes during pregnancy. (A) After 
implantation of the blastocyst, trophoblast cells (green) start to develop and will grow into the uterine 
wall. (B) Then, vacuoles appear and will fuse to become larger lacunae and trophoblast cells erode 
the endothelial lining of the maternal spiral arteries. Maternal blood enters the lacunar system and 
the utero-placental circulation has formed. (C) With advancing gestation, the lacunae are formed to 
one intervillous space. In parallel, the villous capillary system develops to definitive placental villi 
that are in contact with the intraembryonic circulation system. (D) By the end of the first trimester, 
the placenta establishes support of the nutrients and oxygen from maternal blood to the foetus.
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Uterine vascular bed
Successful pregnancy is dependent on a series of maternal cardiovascular and 
haemodynamic adaptations. After ovulation, during the luteal phase of the menstrual 
cycle, the spiral arteries supply the endometrial stroma and glands in preparation for 
implantation by the blastocyst. If implantation fails, the endometrium is shed during the 
subsequent menstruation and the spiral arteries have the ability to contract in order to 
limit blood loss. In the absence of an embryo that needs to be provided with nutritional 
maternal blood and no formation of a placenta, uterine arteries remain high-resistance 
and adrenergic-sensitive vessels (9). 

During pregnancy, one of the most important local adaptations in the maternal systemic 
physiology is the progressive rise in uterine blood flow, which is needed to accommodate 
the rapidly rising metabolic demands of the growing foetus. In early gestation, 
endovascular trophoblast cells invade into the decidual segments of maternal spiral 
arteries and transform these arteries from small, adrenergic-sensitive high-resistance 
into wide, adrenergic-insensitive low-resistance vessels (10). For most of the first trimester, 
placental and foetal organ development and growth occurs in a physiologically hypoxic 
environment that is established by the formation of trophoblast plugs in the spiral arteries. 
This is thought to be beneficial for early placental and foetal development and successful 
trophoblast differentiation (9, 11). The exact time at which high oxidative maternal blood 
starts to flow into the intervillous space ranges from 5 to 13 weeks (12, 13).
Previous studies have shown that trophoblast invasion is concentrated in the central area 
of the placental bed, whereas peripheral myometrial segments are much less changed (14, 
15). Interestingly, there seems to be a developmental gradient in the extent of extravillous 
trophoblast plugging, being the greatest in the central part of the placenta. The onset of 
maternal flow into the placenta starts with unplugging of the spiral arteries, which is more 
extensive in the peripheral parts and leads to a local hyperoxic environment dampening 
growth (16). 
Downstream remodelling of the spiral arteries decrease utero-placental resistance 
drastically and allows significant increase in volumetric blood flow to the placenta 
under all circumstances. The upstream uterine arteries also undergo a process of 
vascular remodelling, which include medial hypertrophy and hyperplasia along with 
dedifferentiation and proliferation of uterine artery vascular smooth muscle cells. The 
uterine vasculature now acts as a low-resistance shunt to facilitate a large increase in the 
utero-placental blood flow (17). 
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Figure 2. Schematic overview of trophoblastic invasion (light green) into the maternal vessels (red 
= arteries, blue = veins) during advanced gestation. Cytotrophoblast cells invade the uterine wall 
and plug the maternal vessels establishing a hypoxic environment for the early stages of placental 
development. Cytotrophoblasts migrate along the lumina of the spiral arterioles and replace the 
maternal endothelial lining. As a result, smooth muscle cells (yellow) disappear and the diameter 
of the arteriole expands. By the end of the first trimester, trophoblastic plugs disappear and the 
utero-placental circulation is created. 
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WHAT HAPPENS WHEN THE PLACENTA FAILS?

Realizing the important role the placenta plays in pregnancy, it is conceivable that 
impaired placental development will result in reduced placental vascularity, blood flow 
or oxygen and nutrients delivery to the foetus. The functional and structural adjustments 
of the uterine and spiral arteries to pregnancy seem critical for pregnancy success, as 
inadequate adaptation relates to increased risk of maternal and foetal morbidity and 
mortality. An impaired migration of the extravillous trophoblast cells into the lumen 
of the spiral arteries will lead to an impaired trophoblastic plug formation. As a result, 
early placental perfusion and thereby oxidative stress is instituted too early (18). Also, 
an impaired dilatation of the high-resistance adrenergic-sensitive spiral arteries is 
observed, leading to an increased local blood flow velocity coming from the tips of the 
spiral arteries that will create villous shear stress, hypoxia and increased blood pressure 
in the intervillous space. Malperfusion may lead to changes in oxygen levels that is 
thought to be the primary trigger for a disturbed release of trophoblastic angiogenic 
factors (9, 19). 

Although there remains much to be clarified, pregnancy induced hypertension, 
preeclampsia, Hemolysis, Elevated Liver enzymes and Low Platelet count (HELLP) 
syndrome, foetal growth restriction and placental abruption seem to be clinical 
expressions of a common dominator; abnormal placentation. Therefore, these clinical 
entities are often referred to as placental syndrome, occurring in roughly 5-10% of all 
pregnancies (20, 21). 
The classical understanding on the aetiology of preeclampsia, as exemplary of placental 
syndrome, is that incomplete remodelling of these arteries (stage 1) will lead to a 
maternal response consisting of endothelial dysfunction and an imbalance between 
angiogenic and anti-angiogenic factors (stage 2). However, recent evidence suggests 
that stage 2 can happen without the occurrence of stage 1, probably reflecting a milder, 
indolent, late-onset variant of preeclampsia. Late-onset preeclampsia is postulated to be 
a reflection of maternal constitutional factors causing endothelial dysfunction, whereas 
early-onset syndromes is linked to poor placentation and foetal growth restriction (22, 
23). 

In severe cases of placental syndrome, a typical histopathological lesion is often 
observed: decidual vasculopathy. Decidual vasculopathy is a collective term for different 
subtypes of vascular changes in maternal spiral arteries, including fibroid necrosis within 
the vessel walls and occasionally the presence of foam cells, perivascular inflammatory 
cell infiltration and thrombosis. Interestingly, there are striking histological similarities 
with atherosclerotic lesions in larger arteries. The deficient placental vasculature is 
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1thought to result from cardiovascular risk factors, which are already present before 
pregnancy and exacerbated by metabolic stress during gestation. In addition, it is known 
that women with a history of a placental syndrome pregnancy have a higher risk of 
cardiovascular diseases in later life (24, 25). 

The challenge of providing individual care for pregnancies after the presence of clinical 
symptoms is caused by the fact that pregnancies with placental syndrome represent a 
heterogeneous group of patients with differences in the severity of symptoms and various 
gestational ages at onset of disease. In practice, this often results in only treating the 
pregnancies by the time complications occur. Therefore, generic preventive measures 
(e.g. aspirin and calcium) for women at increased risk on placental syndrome have been 
advocated in many guidelines to be implemented in obstetrical care (26). 
At any rate, one of the greatest challenges on providing accurate obstetrical care to 
placental syndrome affected pregnancies is that the occurrence of clinical symptoms 
during pregnancy are not always associated with placental insufficiency lesions and 
reduced placental function. Measuring the actual placental function during pregnancy may 
help to improve the characterization of different phenotypes of placental syndrome (20). 
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HOW CAN WE MEASURE PLACENTAL FUNCTION?

Despite its importance in reproductive success, there is still limited understanding of the 
human placental function. The obvious ethical and logistical obstacles in investigating 
human pregnancy make experimentation problematic. Because deep trophoblast 
invasion into the uterine wall is a feature only seen in humans and great apes, defective 
transformation of the spiral arteries has been hard to characterize and hence diagnose 
early in pregnancy.

While discussing pregnancy, one should take into account the pre-conceptional and the 
postpartum phase in order to capture the entire spectrum of (cardio-)vascular changes 
of the female body. There are several measures before, during and after pregnancy that 
can be used to diagnose complications or to determine risk factors. As this thesis mainly 
focuses on the role of the placenta in relation to healthy and hypertensive complicated 
pregnancy, measures that provide information on placental function can be summarized 
into five groups.

First, measurement of the non-pregnant (pre-conceptional or postpartum) hemodynamic 
status of the woman in the reproductive period provides promising information on the 
capacity to adapt to a (subsequent) pregnancy. It is known that women with an inadequate 
pre-conceptional hemodynamic status (e.g. reduced plasma volume, high peripheral vascular 
resistances are at risk for placental insufficiency and related pregnancy complications (27, 28). 
Second, measurements of the utero-placental circulation, performed by Doppler 
ultrasound, are of great importance during pregnancy. High resistance in the uterine 
arteries is used as a predictor for developing hypertensive pregnancy complications and 
recent studies showed that measuring the resistance ‘down-stream’ in the spiral arteries, 
where most vascular resistance is created, can also reflect placental function. Besides, 
improvement of ultrasound machines and probes has led to the introduction of 3D-Power 
Doppler imaging technique by which the placental vasculature can be measured in a 
quantitative and qualitative way (29). 
Third, apart from foetal wellbeing and -growth, the ultrasound scan provides information 
on placental appearance. Placental characteristics, such as thickness, calcifications and 
lakes, may be a translation of placental function and could provide additional information 
on the risk of a complicated pregnancy (30).
Fourth, measuring placental biomarkers in maternal blood is thought to distinguish 
pregnant women at risk for complications from those that will have an uncomplicated 
pregnancy. An abnormal production of placental biomarkers (already early in pregnancy) 
reflecting suboptimal placental development is thought to be related to the development 
of placental syndrome (31). 
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1Fifth, postpartum histologic assessment of the placenta can be used to diagnose vascular 
malperfusion lesions. The presence of vascular malperfusion lesions is strongly related to 
pregnancy complications and their recurrence in a subsequent pregnancy (32). Also, these 
lesions might provide information on arterial pathology in the rest of the body and their 
presence in the placenta is possibly related to the risk of future cardiovascular events (33). 

Pre-conceptional Pregnancy Postpartum

Hemodynamic status

Hemodynamic status

Histopathological 
examination

Placental 
biomarkers Placental appearance

Foetal wellbeing and 
-growth Utero-placental 

circulation (Doppler and 
3D Power Doppler) 

Figure 3. Different measures providing information on placental function before, during and after 
gestation. 

Although these individual measures are very promising, the highest sensitivity and 
specificity rates will probably be reached by combining multiple measures in order 
to predict the development of placental insufficiency. Recent studies focussed on the 
combination of early gestation placental biomarkers, uterine artery Doppler measurements 
and maternal characteristics in order to predict the risk of developing preeclampsia or 
foetal growth restriction during later gestation (34). Given the encouraging results on other 
placental function measures, adding these to algorithms may improve prediction rates.

Antecedent to the formation of new risk calculations, further elaboration and investigation 
on the (ab-) normal development and measurement of placental function should occur. 
This thesis aims to visualise the adaptation of the utero-placental circulation throughout 
pregnancy. Besides, we aim to investigate measures for placental function and relate them 
to clinical practice. 
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WHAT ARE THE AIMS OF THIS THESIS?

The studies described in this thesis deal with the following issues:
1. (MAL) ADAPTATION during pregnancy

Chapter 2 and 3 provide insight into the physiological and pathophysiological 
adaptation of the utero-placental circulation as a function of pregnancy. We will 
focus on the resistance in spiral and uterine arteries of both healthy and hypertensive 
pregnancies. In chapter 4 we investigate the association between placental biomarkers, 
ultrasound observations and placental histology in both early- and late onset placental 
syndromes.

2. VISUALISATION of the placenta 
In the second part of this thesis, we focus on placental ultrasonography. Measuring 
placental function using Three Dimensional Power Doppler ultrasonography has gained 
increasing popularity in recent years. Chapter 5 will discuss the best reproducible 
method when using this measurement to obtain information about placental function 
at the beginning of the second trimester. Chapter 6 describes into what extend the 
placenta is evaluated during a routine ultrasound scan in a Dutch academic hospital. In 
chapter 7 we will review the literature on changes in placental ultrasound appearance 
during both healthy and complicated pregnancies and will provide a summary of 
the prevalence of placental lakes and – calcifications. Lastly, in chapter 8 we focus 
on phenotyping early- and late onset placental syndrome using maternal Dopplers, 
biomarkers and placental pathology.



General introduction

21

1REFERENCES

1. Maltepe E, Fisher SJ. Placenta: the forgotten organ. Annual review of cell and developmental 
biology. 2015;31:523-52.

2. Guttmacher AE, Spong CY. The human placenta project: it’s time for real time. American journal 
of obstetrics and gynecology. 2015;213(4 Suppl):S3-5.

3. Taniguchi K, Kawai T, Hata K. Placental Development and Nutritional Environment. Advances in 
experimental medicine and biology. 2018;1012:63-73.

4. Burton GJ, Jauniaux E. What is the placenta? American journal of obstetrics and gynecology. 
2015;213(4 Suppl):S6.e1, S6-8.

5. Herrick EJ, Bordoni B. Embryology, Placenta. StatPearls. Treasure Island (FL): StatPearls Publishing 
Copyright © 2020, StatPearls Publishing LLC.; 2020.

6. J. STWaL. Langman’s Medical Embryology. 13th edition ed. Philadelphia: Lippincott Williams & 
Wilkins; 2014.

7. Turco MY, Moffett A. Development of the human placenta. Development (Cambridge, England). 
2019;146(22).

8. Iliodromiti Z, Antonakopoulos N, Sifakis S, Tsikouras P, Daniilidis A, Dafopoulos K, et al. Endocrine, 
paracrine, and autocrine placental mediators in labor. Hormones (Athens, Greece). 2012;11(4):397-
409.

9. Burton GJ, Woods AW, Jauniaux E, Kingdom JC. Rheological and physiological consequences of 
conversion of the maternal spiral arteries for uteroplacental blood flow during human pregnancy. 
Placenta. 2009;30(6):473-82.

10. Aplin JD, Myers JE, Timms K, Westwood M. Tracking placental development in health and disease. 
Nature reviews Endocrinology. 2020;16(9):479-94.

11. James JL, Saghian R, Perwick R, Clark AR. Trophoblast plugs: impact on utero-placental 
haemodynamics and spiral artery remodelling. Human reproduction (Oxford, England). 
2018;33(8):1430-41.

12. Roberts VHJ, Morgan TK, Bednarek P, Morita M, Burton GJ, Lo JO, et al. Early first trimester 
uteroplacental flow and the progressive disintegration of spiral artery plugs: new insights from 
contrast-enhanced ultrasound and tissue histopathology. Human reproduction (Oxford, England). 
2017;32(12):2382-93.

13. Alouini S, Carbillon L, Perrot N, Uzan S, Uzan M. Intervillous and spiral artery flows in normal 
pregnancies between 5 and 10 weeks of amenorrhea using color Doppler ultrasonography. Fetal 
diagnosis and therapy. 2002;17(3):163-6.

14. Hsieh YY, Chang CC, Tsai HD, Lee CC, Tsai CH. Longitudinal doppler sonographic measurements of 
vascular impedance in the central and peripheral spiral arteries throughout pregnancy. Journal 
of clinical ultrasound : JCU. 2000;28(2):78-82.

15. Matijevic R, Meekins JW, Walkinshaw SA, Neilson JP, McFadyen IR. Spiral artery blood flow in 
the central and peripheral areas of the placental bed in the second trimester. Obstetrics and 
gynecology. 1995;86(2):289-92.

16. Pijnenborg R, Dixon G, Robertson WB, Brosens I. Trophoblastic invasion of human decidua from 
8 to 18 weeks of pregnancy. Placenta. 1980;1(1):3-19.

17. Mandala M, Osol G. Physiological remodelling of the maternal uterine circulation during 
pregnancy. Basic & clinical pharmacology & toxicology. 2012;110(1):12-8.



Chapter 1

22

18. Jauniaux E, Poston L, Burton GJ. Placental-related diseases of pregnancy: Involvement of oxidative 
stress and implications in human evolution. Human reproduction update. 2006;12(6):747-55.

19. Pijnenborg R, Vercruysse L, Hanssens M. The uterine spiral arteries in human pregnancy: facts 
and controversies. Placenta. 2006;27(9-10):939-58.

20. Brosens I, Pijnenborg R, Vercruysse L, Romero R. The “Great Obstetrical Syndromes” are 
associated with disorders of deep placentation. American journal of obstetrics and gynecology. 
2011;204(3):193-201.

21. Hutcheon JA, Lisonkova S, Joseph KS. Epidemiology of pre-eclampsia and the other hypertensive 
disorders of pregnancy. Best practice & research Clinical obstetrics & gynaecology. 2011;25(4):391-
403.

22. Staff AC. The two-stage placental model of preeclampsia: An update. Journal of reproductive 
immunology. 2019;134-135:1-10.

23. Romo A, Carceller R, Tobajas J. Intrauterine growth retardation (IUGR): epidemiology and etiology. 
Pediatric endocrinology reviews : PER. 2009;6 Suppl 3:332-6.

24. Melchiorre K, Sutherland GR, Liberati M, Thilaganathan B. Preeclampsia is associated with 
persistent postpartum cardiovascular impairment. Hypertension (Dallas, Tex : 1979). 2011;58(4):709-
15.

25. Thilaganathan B, Kalafat E. Cardiovascular system in preeclampsia and beyond. Hypertension 
(Dallas, Tex : 1979). 2019;73(3):522-31.

26. Poon LC, Wright D, Rolnik DL, Syngelaki A, Delgado JL, Tsokaki T, et al. Aspirin for Evidence-
Based Preeclampsia Prevention trial: effect of aspirin in prevention of preterm preeclampsia 
in subgroups of women according to their characteristics and medical and obstetrical history. 
American journal of obstetrics and gynecology. 2017;217(5):585.e1-.e5.

27. Scholten RR, Sep S, Peeters L, Hopman MTE, Lotgering FK, Spaanderman MEA. Prepregnancy low-
plasma volume and predisposition to preeclampsia and fetal growth restriction. Obstetrics and 
gynecology. 2011;117(5):1085-93.

28. Spaanderman ME, Aardenburg R, Ekhart TH, van Eyndhoven HW, van der Heijden OW, van Eyck 
J, et al. Non-pregnant circulatory volume status predicts subsequent pregnancy outcome in 
normotensive thrombophilic formerly preeclamptic women. European journal of obstetrics, 
gynecology, and reproductive biology. 2001;95(2):218-21.

29. Noguchi J, Hata K, Tanaka H, Hata T. Placental vascular sonobiopsy using three-dimensional power 
Doppler ultrasound in normal and growth restricted fetuses. Placenta. 2009;30(5):391-7.

30. Fadl S, Moshiri M, Fligner CL, Katz DS, Dighe M. Placental Imaging: Normal Appearance with Review 
of Pathologic Findings. Radiographics : a review publication of the Radiological Society of North 
America, Inc. 2017;37(3):979-98.

31. Stepan H, Herraiz I, Schlembach D, Verlohren S, Brennecke S, Chantraine F, et al. Implementation 
of the sFlt-1/PlGF ratio for prediction and diagnosis of pre-eclampsia in singleton pregnancy: 
implications for clinical practice. Ultrasound in obstetrics & gynecology : the official journal of 
the International Society of Ultrasound in Obstetrics and Gynecology. 2015;45(3):241-6.

32. Ernst LM. Maternal vascular malperfusion of the placental bed. APMIS : acta pathologica, 
microbiologica, et immunologica Scandinavica. 2018;126(7):551-60.

33. Stevens DU, Al-Nasiry S, Fajta MM, Bulten J, van Dijk AP, van der Vlugt MJ, et al. Cardiovascular and 
thrombogenic risk of decidual vasculopathy in preeclampsia. American journal of obstetrics and 
gynecology. 2014;210(6):545.e1-6.

34. Poon LC, Syngelaki A, Akolekar R, Lai J, Nicolaides KH. Combined screening for preeclampsia and 
small for gestational age at 11-13 weeks. Fetal diagnosis and therapy. 2013;33(1):16-27.







PART I
(MAL)ADAPTATION 

DURING PREGNANCY





CHAPTER 2
SPIRAL ARTERY BLOOD FLOW DURING PREGNANCY: 

A SYSTEMATIC REVIEW AND META-ANALYSIS.

Veronique Schiffer, Laura Evers, Sander de Haas, 
Chahinda Ghossein-Doha, Salwan Al-Nasiry and Marc Spaanderman.

Published in BMC Pregnancy and Childbirth 20, 680 (2020). 



Chapter 2

28

ABSTRACT 

Background: Downstream remodeling of the spiral arteries (SpA) decreases utero-placental 
resistance drastically, allowing sustained and increased blood flow to the placenta under 
all circumstances. We systematically evaluated available reports to visualize adaptation of 
spiral arteries throughout pregnancy by ultra-sonographic measurements and evaluated 
when this process is completed.

Methods: A systematic review and meta-analysis of spiral artery flow (pulsatility index 
(PI), resistance index (RI) and peak systolic velocity (PSV)) was performed. English written 
articles were obtained from Pubmed, EMBASE and Cochrane Library and included articles 
were assessed on quality and risk of bias. Weighted means of Doppler indices were 
calculated using a random-effects model. 

Results: In healthy pregnancies, PI and RI decreased from 0.80 (95% CI: 0.70-0.89) and 0.50 
(95% CI: 0.47-0.54) in the first trimester to 0.50 (95% CI: 0.45-0.55, p<0.001) and 0.39 (95% 
CI: 0.37-0.42, p<0.001) in the second trimester and to 0.49 (95% CI: 0.44-0.53, p=0.752) and 
0.36 (95% CI: 0.35-0.38, p=0.037) in the third trimester, respectively. In parallel, PSV altered 
from 0.22 m/s (95% CI: 0.13-0.30 m/s) to 0.28 m/s (95% CI: 0.17-0.40 m/s, p=0.377) and to 
0.25 m/s (95% CI: 0.20-0.30 m/s, p=0.560) in the three trimesters. In absence of second 
and third trimester Doppler data in complicated gestation, only a difference in PI was 
observed between complicated and healthy pregnancies during the first trimester (1.49 vs 
0.80, p<0.001). Although individual studies have identified differences in PI between SpA 
located in the central part of the placental bed versus those located at its periphery, this 
meta-analysis could not confirm this (p=0.349).

Conclusions: This review and meta-analysis concludes that an observed decrease of SpA PI 
and RI from the first towards the second trimester parallels the physiological trophoblast 
invasion converting SpA during early gestation, a process completed in the midst of the 
second trimester. Higher PI was found in SpA of complicated pregnancies compared 
to healthy pregnancies, possibly reflecting suboptimal utero-placental circulation. 
Longitudinal studies examining comprehensively the predictive value of spiral artery 
Doppler for complicated pregnancies are yet to be carried out.
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BACKGROUND 

The most important functions of the placenta are adequate exchange of oxygen, 
nutrients and waste products between fetal and maternal circulation (1). At 12-13 weeks 
of gestation, trophoblast cells have invaded the decidual segments of maternal spiral 
arteries (SpA) and transformed these small, adrenergic-sensitive high-resistance vessels 
into wide, adrenergic-insensitive low-resistance vessels (1, 2). From 15 weeks onwards, a 
second, endovascular invasion starts to remodel the myometrial segments and is fully 
completed at mid-pregnancy (3). Downstream remodeling of the SpA decreases utero-
placental resistance drastically and allows significant increase in volumetric blood flow 
to the placenta (1, 4-7). Interestingly, there are studies showing that trophoblast invasion 
is concentrated in the central area of the placental bed, whereas peripheral myometrial 
segments are much less changed (8, 9). The etiology of placenta syndrome (PS), a collective 
term for placenta-insufficiency related disorders, is poorly understood. Inadequate 
remodeling of SpA in PS-pregnancies potentially affects the development of the placenta 
as high velocity blood flow could cause mechanical stress on the tissue, or could influence 
development due to perfusion-reperfusion injury (6, 7, 10). 

The golden standard for the detection of absent or aberrant SpA remodeling is postpartum 
histopathological examination of the placenta, however this is behind time to affect 
clinical decision making in endangered gestation (10). Previous studies have shown that 
abnormal Doppler velocimetry of the more upstream uterine arteries in second trimester 
is associated with an increased risk on vascular pregnancy related complications (among 
which pre-eclampsia (PE), fetal growth restriction (FGR) and stillbirth) (11, 12). Abnormal 
uterine artery Doppler indices during earlier gestation may also predict PE and FGR (13, 14). 
As defective SpA remodeling ultimately associates with adverse outcome, capturing this 
incomplete SpA remodeling antedating complicated pregnancies during early gestation 
may timely indicate those at risk (1, 15). Our current knowledge on SpA remodeling is 
mostly based on previous literature discussing postpartum histological findings and cross-
sectional ultrasound measurements. However, longitudinal ultrasound data throughout 
pregnancy would provide a more accurate insight in the SpA remodeling process during 
gestation. Therefore, we performed a systematic review and meta-analysis on Doppler 
measurements of the SpA, to antepartum visualize the remodeling process in human 
pregnancy by ultrasonography.
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METHODS 

This systematic review and meta-analysis on the remodeling of SpA flow velocimetry 
throughout human pregnancy is part of a large series of meta-analysis on physiological 
and pathophysiological adaptation of relevant indices in pregnancy (16-18). The review 
was conducted in accordance to the “PRISMA Statement” for reporting systematic reviews 
and meta-analyses (19). 

Literature search
The electronic databases Cochrane library (1997 – 2019), Pubmed (1946 – 2019) and EMBASE 
(1974 - 2019), were searched for relevant articles evaluating SpA Doppler measurements. 
The keywords used in the literature search were “spiral artery” or “spiral remodeling” 
in combination with “Doppler” or “color Doppler”, or “Doppler velocimetry”, or “Doppler 
sonography” or “spiral artery Doppler”, see Table 1. 

Table 1. Search strategy (Pubmed database)

1. Search (spiral artery) OR spiral artery remodeling

2. Search ((((“Ultrasonography, Doppler, Color”[Mesh]) OR Doppler) OR Doppler sonography) OR 
Doppler velocimetry) OR Pulse wave Doppler

3. Search (((spiral artery) OR spiral artery remodelling)) AND (((((“Ultrasonography, Doppler, 
Color”[Mesh]) OR Doppler) OR Doppler sonography) OR Doppler velocimetry) OR Pulse wave 
Doppler)

Additionally, the reference list of all selected primary articles were examined for potential 
citations not captured by the initial search. The search was limited to papers published 
in English until April 2019.

Study selection 
The first selection, based on title and abstract, was performed independently by two 
investigators (VS and LE). In case of discrepancy, agreement was reached by consensus. 
The second selection was also performed by two investigators (VS and LE) independently, 
based on the full text. After checking the manuscripts and crosschecking their reference 
lists, the final selection of studies was made. Inclusion criteria were studies on singleton 
pregnancies in which absolute values for SpA Doppler measurements were documented 
at any gestational age during pregnancy. Studies with both nulliparous and multiparous 
women were included; no limitations were set on maternal characteristics. Moreover, both 
transvaginal and transabdominal measurements were included as well as measurements 
of central localized and peripheral localized SpA. We initially wanted to include only articles 
describing SpA measurements in healthy and hypertensive pregnancies. Given the limited 



Spiral artery blood flow: a review and meta-analysis

31

2

amount of articles describing SpA measurements in hypertensive pregnancies, we decided 
to include all articles describing SpA measurements in complicated pregnancies. Therefore, 
complicated pregnancies in the included articles were represented by PE, preterm labor, 
FGR, missed abortion, miscarriage and placental abruption.

In some studies, absolute values of Doppler indices could not be extracted as a result 
of data being reported in graphs or figures. We considered the use of, for example, a 
plot digitizer to extract the data out of graphs or plots. The accuracy of the assessment 
was in some cases questionable, and in other cases, not all graphs and plots showed 
95% confidence interval (CI) lines, making it impossible to calculate a reliable standard 
deviation (SD). Therefore, adding a plot digitized estimated SpA value would have a great 
impact on the trustworthiness of the pooled mean. Therefore, we refrained from generating 
extra data using the plot digitizer as it may be less accurate compared to the other included 
articles.

Data extraction and quality assessment
Two reviewers (VS and LE) both extracted the data and assessed the risk of bias. In case of 
discrepancy in assessment of the risk of bias, agreement was reached by consensus. The 
following data was extracted from each included study: 1) Study design; 2) Sample size; 3) 
Probe; 4) Doppler method 5) MHz of the probe; 6) Gestational age during measurement; 
and 7) Doppler velocimetry outcomes (Table 2). The relevant outcomes included pulsatility 
index (PI), resistance index (RI) and peak systolic velocity (PSV, m/s).

In order to assess the quality and risk of bias of included studies, the Quality In Prognosis 
Studies (QUIPS) tool (20) was modified for the purpose of this review. Quality assessment 
was performed on the following domains: 1) Study participation; 2) Study attrition; 3) 
Outcome measurement; 4) Data reporting; and 5) Study design.

Scoring of each criteria occurred as insufficient [-] or sufficient [+]. In case an item was 
not applicable for the study, a question mark [?] was used. Based on the number of [+], 
the total score as a percentage was calculated. Articles scoring <30% were defined as low 
quality, between 30-60% as moderate quality, and >60% as high quality.

Statistical analysis
The obtained SpA measurements were categorized into three pregnancy trimesters and 
divided by healthy versus complicated pregnancies and central versus peripheral SpA. 
Some articles performed two or more SpA measurements in one pregnancy trimester 
in the same population, explaining the repeated presence of one article in the forest 
plots. The analysis was conducted by using the R Project for Statistical, R version 3.4.0 
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with ‘meta’package version 2.0-0 (21). In few instances, the continuous outcome measures 
were not presented with their corresponding SD, but as a standard error or 95% CI. In 
these cases, a SD was calculated from the available mean and range according to the 
Cochrane handbook for Systematic Review of Interventions (22). SpA weighted means with 
95% CI were calculated separately for the predefined trimesters using a random-effects 
model, as described by DerSimonian and Laird (23). This model allows for inter-study 
variation and was chosen because heterogenic populations (both healthy and complicated 
pregnancies) were used. Means and standard deviations were pooled into one combined 
measurements for studies reporting multiple measurements within a pregnancy trimester. 
Heterogeneity was explored as the ratio between total heterogeneity and total variability 
with the I2 statistic. I2 can differentiate between true heterogeneity and sampling variance 
(24). Differences in SpA measurements between trimesters were considered statistically 
significant at p<0.05. 
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RESULTS

Baseline features
Figure 1 graphically illustrates the flowchart of the article selection. A total of 559 records 
were identified by the search in Pubmed (n=409), Embase (n=143) and Cochrane (n=20). 
No restrictions were set on publication status. We were unable to add any extra articles 
that were not identified by the literature search after examination of the reference lists. 
After removal of duplicates (n=92), 467 articles were screened for eligibility based on title 
and abstract. Of these, 442 records were discarded based on title and abstract because 
these papers investigated other study outcomes, included animal studies, were reviews or 
were written in a non-English language that the investigators did not understand. Of the 
remaining 25 records, full-text articles were retrieved and examined in detail for eligibility. 
Thirteen additional studies were excluded, due to only estimates in figures were presented 
of spiral artery Doppler indices and no absolute values. We contacted the authors of whom 
their correct contact information was reported in the articles, to see whether they were 
able to provide additional data. Unfortunately, only two authors replied that they could 
not help us, since the research was performed before digitalization and it was not possible 
to acquire the absolute data of the dated investigations.

A total of 12 studies published in English met the eligibility criteria and were included 
in this systematic review and meta-analysis. The selected articles were longitudinal 
prospective (n=7) and cross-sectional studies (n=5). SpA measurements were obtained 
using transvaginal (n=6), transabdominal ultrasound (n=5) or both (n=1) with probes 
between 3.5 to 12 MHz. All articles evaluated SpA Doppler during healthy pregnancy. 
Besides, five articles investigated the differences in SpA Doppler measurements between 
complicated and healthy pregnancies. There were no articles found that examined SpA 
Doppler measurements in complicated pregnancies only. Detailed information on the 
characteristics of included studies is presented in Table 2. 

Quality assessment of the included studies
The quality assessment according the modified QUIPS tool per domain is summarized in 
Table 3*. Along these lines, most articles were classified as moderate quality study (n=5) (15, 
25-28). Alouini et al. (29), Kurjak et al. (30) and Matijevec et al. (9) were scored low quality, 
whereas Mäkkikallio, Tekay et al. (31), Hsieh et al. (32) and the two articles of Deurloo et al. 
(2, 33) scored high quality. Ethnicity, non-pregnant BMI and use of medication were poorly 
described in most studies. In addition, 11 of the 12 included studies failed to report lost to 
follow up. Intra- and/or inter-observer variation was reported scarcely (n=4). 
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Figure 1. PRISMA 2009 flow diagram. N= amount of articles. 

Table 2. Baseline characteristics of included studies.

Study design Healthy 
pregnancies (n)

Complicated 
pregnancies (n)

Probe Doppler MHz Gestational age at 
measurement (weeks)

Outcome

Alouini (ref. 29) Prospective longitudinal 49 / Transvaginal Colour 6 5-10 PSV

Coppens (ref. 25) Prospective longitudinal 37 / Transvaginal Colour 6-9 8-14 PI

Deurloo (ref. 2) Prospective longitudinal 86 21* Transabdominal Colour 3.5 11-13; 14-17; 18-24 PI, RI

Deurloo (ref. 33) Prospective longitudinal 97 / Transabdominal Colour 3.5 11-13; 14-17; 18-24 PI

Hsieh (ref. 32) Prospective longitudinal 94 / Transabdominal Colour 3.5 10-15; 15-20; 20-25; 25-30; 30-35; 35-40 PI, RI, PSV

Kurjak (ref. 30) Cross-sectional 115 / Transvaginal + transabdominal Colour 3.5 / 5 7-42 PI, RI, PSV

Kurjak (ref. 26) Prospective cross-sectional 60 54* Transvaginal Colour 6 6-12 PI, RI

Mäkikallio, Jouppila (ref. 31) Prospective cross-sectional 31 10*** Transvaginal Colour 5 6; 8; 9; 11 RI

Mäkikallio, Tekay (ref. 27) Prospective longitudinal 16 / Transabdominal Colour 5 5; 7; 8; 10 PI, PSV

Matijevec (ref. 9) Prospective cross-sectional 64 / Transabdominal Colour 5 17-20 PI, RI

Ozkan (ref. 15) Prospective longitudinal 189 25** Transvaginal Colour 12 5-12 PI, RI

Ozkaya (ref. 28) Prospective cross-sectional 84 16*** Transvaginal Colour 6 6-12 PI, RI

N = amount patients, MHz = Megahertz, PI = pulsatility index, RI = resistance index, PSV = peak 
systolic velocity.

* Absolute data not available 
**  Miscarriage 
***  Pre-eclampsia, preterm labour, intra uterine growth restriction, missed abortion, miscarriage and 

placental abruption
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Meta-analysis
Studies reported Doppler indices at different gestational ages. If one mean SpA Doppler 
parameter was reported with an interval of gestational weeks as time of measurement, 
we included the mean of the interval as time of measurement in the meta-analysis (e.g. 
measurement performed between 6-12 weeks; mean gestational age at measurement 9 
weeks). Doppler indices were combined based on measurements during first trimester 
(0-14 weeks), second trimester (15-27 weeks) or third trimester (28-40 weeks). 

Pulsatility index
Ten studies explored the PI at certain (between 5 and 39.5 weeks of gestation) time-points 
during healthy gestation. The weighted mean of PI decreased from 0.80 (95% CI: 0.70-0.89) 
(n=9) in the first trimester to 0.50 (95% CI: 0.45-0.55, p<0.001) (n=5) in the second trimester 
and to 0.49 (95% CI: 0.44-0.53, P=0.752) (n=2) in the third trimester (Table 4, Figure 2* + 2A). 
1309 SpA were measured during the first trimester in 778 women. Five studies performed 
assessment during the second trimester, capturing 1011 SpA measurements in 456 women 
(2, 9, 30, 32, 33). Two studies published 593 SpA Doppler PI measurements during the third 
trimester measured in 209 women (30, 32).

Table 2. Baseline characteristics of included studies.

Study design Healthy 
pregnancies (n)

Complicated 
pregnancies (n)

Probe Doppler MHz Gestational age at 
measurement (weeks)

Outcome

Alouini (ref. 29) Prospective longitudinal 49 / Transvaginal Colour 6 5-10 PSV

Coppens (ref. 25) Prospective longitudinal 37 / Transvaginal Colour 6-9 8-14 PI

Deurloo (ref. 2) Prospective longitudinal 86 21* Transabdominal Colour 3.5 11-13; 14-17; 18-24 PI, RI

Deurloo (ref. 33) Prospective longitudinal 97 / Transabdominal Colour 3.5 11-13; 14-17; 18-24 PI

Hsieh (ref. 32) Prospective longitudinal 94 / Transabdominal Colour 3.5 10-15; 15-20; 20-25; 25-30; 30-35; 35-40 PI, RI, PSV

Kurjak (ref. 30) Cross-sectional 115 / Transvaginal + transabdominal Colour 3.5 / 5 7-42 PI, RI, PSV

Kurjak (ref. 26) Prospective cross-sectional 60 54* Transvaginal Colour 6 6-12 PI, RI

Mäkikallio, Jouppila (ref. 31) Prospective cross-sectional 31 10*** Transvaginal Colour 5 6; 8; 9; 11 RI

Mäkikallio, Tekay (ref. 27) Prospective longitudinal 16 / Transabdominal Colour 5 5; 7; 8; 10 PI, PSV

Matijevec (ref. 9) Prospective cross-sectional 64 / Transabdominal Colour 5 17-20 PI, RI

Ozkan (ref. 15) Prospective longitudinal 189 25** Transvaginal Colour 12 5-12 PI, RI

Ozkaya (ref. 28) Prospective cross-sectional 84 16*** Transvaginal Colour 6 6-12 PI, RI

N = amount patients, MHz = Megahertz, PI = pulsatility index, RI = resistance index, PSV = peak 
systolic velocity.

* Absolute data not available 
**  Miscarriage 
***  Pre-eclampsia, preterm labour, intra uterine growth restriction, missed abortion, miscarriage and 

placental abruption
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Figure 2A. Meta-regression curve of spiral artery measurements (Pulsatility Index) during first, 
second and third trimester in healthy pregnancies. Every color is representing one article, except 
for Matijevic et al. (ref 9) and Hsieh et al. (ref. 32) who have two colors representing central and 
peripheral located spiral artery measurements. ‘N’ represents the maximum amount of cases 
included in the study, shown as a small or larger circle.

Resistance index
Eight studies explored the RI at different time-points during healthy pregnancy (between 
6 and 39.5 weeks of gestation). The weighted mean of RI showed a decrease from 0.50 
(95% CI: 0.47-0.54) (n=7) in the first trimester to 0.39 (95% CI: 0.37-0.42, p<0.001) (n=4) in the 
second trimester and 0.36 (95% CI: 0.35-0.38, p=0.037) (n=2) in the third trimester (Table 4, 
Figure 3* + 3A). Only four studies performed measurements during the second (26, 30-32) 
and two studies during the third trimester (30, 32). 1076 SpA were measured during the first 
trimester in 659 women. A total of 820 SpA were measured in 359 women during second 
trimester and 593 SpA were measured in 209 women during third trimester.

Peak systolic velocity 
PSV during the first trimester of healthy pregnancy was explored in four individual studies 
(between 5 and 39.5 weeks of gestation). The weighted mean of PSV increased from 0.22 
m/s (95% CI: 0.13-0.30) (n=3) in the first trimester to 0.28 m/s (95% CI: 0.217-0.40, p=0.373) 
(n=2) in the second trimester and remained 0.25 m/s (95% CI: 0.20-0.30, p=0.560) (n=2) in the 
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third trimester (Table 4, Figure 4* + 4A). During the first trimester, 614 SpA were measured 
in 274 women. Hsieh et al. (32) together with Kurjak et al. (30) performed measurements 
in the second and third trimester, including a total of 209 women and 606, respectively 
593 SpA measurements.

Table 4. P-values showing significance level between weighted means of first, second and third 
trimester PI, RI and PSV in healthy pregnancies.

PI p- value RI p-value PSV p-value

1st trimester 0.80 (0.70-0.89) P<0.001

P=0.752

0.50 (0.47-0.54) P<0.001

P=0.037

0.22 (0.13-0.30) P=0.560

P=0.373
2nd trimester 0.50 (0.45-0.55) 0.39 (0.37-0.42) 0.28 (0.17-0.40)

3rd trimester 0.49 (0.44-0.53) 0.36 (0.35-0.38) 0.25 (0.20-0.30)

Complicated pregnancies
Four articles (2, 15, 26, 28) investigated SpA PI during first trimester in complicated 
pregnancies (including PE, preterm labour, FGR, pregnancy induced hypertension, 
anembryonic pregnancies, missed abortion, miscarriage and placental abruption). 
However, absolute mean PI measurements were only described in two articles during the 
first trimester (15, 28). Non-significant higher SpA PI measurements were found by Ozkan et 
al. in 25 women with subsequent miscarriages compared to 189 women having continuing 
subsequent pregnancies (2.0 (95% CI:1.6-2.7) vs 1.8 (95% CI:1.1-2.9), p=0.320). Results of Ozkaya 
et al. showed mean SpA PI in 16 pregnancies with adverse outcome (3 miscarriage, 6 missed 
abortion, 2 preterm labour, 3 IUGR, 1 PE, 1 placental abruption) was 0.97 ± 0.51 (mean ± SD) vs 
0.82 ± 0.39 in 84 women with normal pregnancy outcome. The difference in PI between both 
groups was non-significant. When pooling these data, a statistically significant difference 
between complicated and healthy pregnancies in the first trimester was found (1.49 vs 
0.80, p<0.001, Figure 5* vs Figure 2). No data was available on PI measurements in second 
or third trimester pregnancies. 
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Figure 3A. Meta-regression curve of spiral artery measurements (Resistance Index) during first, 
second and third trimester in healthy pregnancies. Every color is representing one article, except 
for Matijevic et al. (ref 9) and Hsieh et al. (ref. 32) who have two colors representing central and 
peripheral located spiral artery measurements. ‘N’ represents the maximum amount of cases 
included in the study, shown as a small or larger circle.

Both articles, along with a third article (27), investigated SpA RI during the first trimester in 
a total of 51 women. Non-significant differences in RI were found by Ozkan et al. between 
women with subsequent miscarriages compared to women having continuing subsequent 
pregnancies (0.7 (95% CI:0.6-0.8) vs 0.7 (95% CI:0.6-0.8), p=0.698). Likewise, Ozkaya et al., 
found a non-significant difference in SpA RI between women with adverse pregnancy 
outcome compared to women with normal outcome (0.60 ± 0.37 vs 0.54 ± 0.10). Makikallio 
et al. described SpA RI during 6, 8, 9 and 11 weeks of gestation in 10 women having PE or 
preterm labor and compared them with 31 control pregnancies (week 6: 0.82 ± 0.06 vs 0.83 
± 0.06, week 8: 0.84 ± 0.04 vs 0.86 ± 0.06, week 9: 0.85 ± 0.04 vs 0.83 ± 0.06, week 11: 0.75 
± 0.09 vs 0.73 ± 0.09). During the whole study period, no significant differences between 
both groups were observed. Equally, our pooled meta-analysis data showed no significant 
differences in RI between complicated and healthy gestation throughout the first trimester 
(p=0.568, data not shown). No data was available on RI measurements in second or third 
trimester pregnancies.
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Spiral arteries located in the central part of the placental bed, versus those located 
at its periphery
Differences between central and peripheral SpA Doppler indices during the second trimester 
were investigated in two studies (9, 32). Significantly higher PI and RI were found by Matijevic 
et al. in the SpA located at the peripheral parts of the placenta compared to the central SpA 
(peripheral SpA PI: 0.48 ± 0.28 (mean ± SD) vs central SpA 0.38 ± 0.26, p<0.001; peripheral SpA RI: 
0.38 ± 0.21 vs central SpA 0.32 ± 0.18, p<0.001). No significant differences were found in the PSV 
between the central and peripheral spiral arteries (p>0.05). Studies of Hsieh et al. concluded 
that PI and RI values of central placenta bed SpA seemed to be lower, although this finding 
was statistically non-significant due to the small number of subjects in their sample. 

Pooling these results, weighted mean PI in central SpA was 0.46 (95% CI: 0.31-0.62), 
compared to 0.53 (95% CI: 0.53-0.62) in peripheral SpA (p=0.349) (Figure 6*). The weighted 
mean RI in central SpA was 0.36 (95% CI: 0.29-0.43) and 0.40 (95% CI: 0.39-0.41) in peripheral 
SpA (p=0.584) (Figure 7*).
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DISCUSSION 

In healthy gestation, we observed a consistent decrease of PI and RI in SpA from the first 
to the second trimester, after which no relevant changes towards the third trimester were 
seen. Transformation of adrenergic-sensitive high-resistance into adrenergic-insensitive 
low-resistance SpA ensures unrestricted blood flow into the placenta (34, 35). During 
early gestation, interstitial and endovascular trophoblast cells invade into SpA, where 
they start to replace the muscular wall and endothelium of these feeding vessels. 
Consequently, diameters of SpA broaden and lose their ability to respond to vasoactive 
stimuli, enabling continuous increased low-velocity low-resistance blood flow into the 
placental intervillous space and avoiding damage to placental tissue (1, 3, 6). In parallel, 
total peripheral vascular resistance decreases and maternal cardiac output rises (36). 

The exact time at which high oxidative maternal blood starts to flow into the intervillous 
space ranges from 5-12 weeks of gestation and is prevented earlier by the formation 
of endovascular trophoblast ‘plugs’ in the distal segment of the SpA (25, 29, 30). These 
trophoblast plugs create a hypoxic placental environment that protects the foetus from 
oxidative stress and its damage (37). The controversial data about timing of onset of 
maternal blood flow into the placenta could possibly be explained by the limited ultra-
sonographic possibilities when attempting to visualize small vessels with low velocity. 
Roberts et al. (38) circumvented this limitation by using a contrast agent that enabled 
them to apprehend the vascular filling of the placenta. Although maternal blood flow 
into the placenta was detected at already 6 weeks of gestation, they concluded that 
microvascular flux into the intervillous space did not progressively increase until 13 
weeks. After 13 weeks of gestation, significant changes in the nature of SpA blood flow 
parameters occur, as is illustrated by our results.

Defective remodeling of SpA can lead to a premature onset of maternal, high-flow and 
-oxidative blood into the placenta, generating mechanical and biochemical trophoblastic 
damage and increased apoptosis (39). In PS-pregnancies, when oxidative stress is not 
yet sufficient to influence the preservation of the conceptus, transformation of the 
SpA walls will occur partially in the center of the placental bed and is limited to the 
decidual segments of the vessels. This results in vessels with high resistance, diminished 
perfusion and as a possible result the development of clinical hypertensive disorders 
or FGR (2, 6, 7). 

Three of the included studies reported PI/ RI in healthy and complicated pregnancies (15, 
27, 28). The observed differences are based on purely first trimester measurements, while 
the first to second trimester change in PI/RI as sign of adequate spiral artery remodeling 
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may be the pivot between uncomplicated and complicated pregnancy. Additionally, not 
all reported complications are strictly associated with defective spiral artery remodeling, 
possibly confounding the results.

Pijnenborg et al. (40) found that with enlargement of the placental site, the SpA in the 
peripheral parts of the placenta come to lie more obliquely and causes their distal 
segments to lie more parallel to the basal plate. Multiple openings are formed in the 
walls of the SpA that are in connection with the intervillous space, depriving the more 
distal segments of SpA of blood flow and leading to local decidual necrosis in the 
peripheral parts of the placenta. Jauniaux and Burton put another theory forward that 
there may be a developmental gradient in the extent of extravillous trophoblast plugging, 
being the greatest in the central part of the placenta. The onset of the maternal flow into 
the placenta starts with unplugging of the SpA, which is more extensive in the peripheral 
parts and leads to a local hyperoxic environment. Higher levels of oxygen cause oxidative 
stress, induce a down-regulation of angiogenic growth factors and inhibit the invasive 
and proliferative activity of the trophoblast (41-43). These changes in peripheral SpA 
could explain the previous described differences in Doppler measurements between 
central and peripheral parts in the placenta (9, 32) and a single placental (sono-)biopsy 
may not be representative for the entire vascular placental bed given the dissimilitude 
in impedance (44). However, our meta-analysis could not confirm statistically significant 
differences between central and peripheral SpA measurements when pooling the data. 
Moreover, most of the included articles in our meta-analysis did not specify where in 
the placenta the measurement was made (15, 25, 26, 28) or only measured central SpA 
(2, 27, 29, 31, 33).

The use of Doppler ultrasonography offers a non-invasive technique for the measurement 
of SpA flow (9). Nonetheless, results on Doppler velocimetry of SpA are controversial and 
possibly explained by the bloom artefact where the Doppler signal diverges beyond the 
vessels walls (10, 45). Measurement of SpA could be challenging due to their small diameter 
and torturous character, although modernistic improvement in ultrasound imaging 
and the validation of protocols may overcome this problem (15, 46, 47). Inter-observer 
reproducibility of uterine measurements is strongly correlated with the experience of 
the ultra-sonographer, so presumptively this also applies for SpA (46). Tekay et al. (48) 
found that the main sources of intra-observer variance in uterine measurements include 
maternal heart rate, breathing, blood pressure and placenta localization. None of our 
included studies showed results for these variables. All used colour Doppler, while the use 
of Power Doppler could increase the precision and its clinical appliance when measuring 
SpA (49). 
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Lost to follow up was not documented in the longitudinal designs, possibly influencing the 
constructed meta-regression curves. Most studies only performed measurements during 
first trimester, and those studies used transvaginal probes, whereas transabdominal 
probes were used in studies measuring during the second and third trimester. However, 
Marchi et al. (46) showed that measurements of the uterine arteries during first trimester 
can be performed with similar results in both transabdominal and transvaginal approach. 
Obesity may influence transabdominal examinations quality (15, 46). Unfortunately, quality 
assessment revealed insufficient reporting of maternal weight or body mass index, which 
interferes with the interpretation of the measurements. Furthermore, no conformity of 
used ultrasound settings was observed between studies and publication bias could not be 
excluded given the small amount of studies that met the inclusion criteria in this review. 
Last, we only included studies that were written English language, which could possibly 
induce a source of bias. However, previous studies have concluded there is no evidence of 
a systematic bias from the use of language restriction in systematic review-based meta-
analyses in conventional medicine (50-52). As all authors must agree with the content 
of the paper, all authors must at least be able to judge the content of included studies 
for systematic reviewing. If we would not use language restriction, it would influence 
the applicability and reliability of our results. Besides, out of 93 articles that were not 
published in English language, only 5 articles (5%) were applicable for full text analysis 
based on title and abstract. Given these considerations, we only included papers written 
in a language that could be weighed on validity by all authors.

CONCLUSIONS

Despite the fact that upstream uterine measurements are closely related to downstream 
SpA measurements (33), it is assumable that measuring resistance downstream could 
reflect the pathological process underlying placenta insufficiency related diseases in a 
superior practice. This review and meta-analysis concludes that an observed decrease 
of SpA PI and RI from the first towards the second trimester parallels the physiological 
trophoblast invasion converting SpA during early gestation. Higher PI was found in SpA of 
complicated pregnancies compared to healthy pregnancies, possibly reflecting suboptimal 
utero-placental circulation and the risk of maternal and foetal complications. Although 
individual studies have identified differences between SpA located in the central part 
of the placental bed versus those located at its periphery, this meta-analysis could not 
confirm this. Longitudinal studies examining comprehensively the predictive value of spiral 
artery Doppler for complicated pregnancies are yet to be carried out.
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Figure 2. Forest plot of studies exploring spiral artery measurements (Pulsatility Index) during 
first, second and third trimester in healthy pregnancies. Some articles performed two or more SpA 
measurements in one trimester in the same population, explaining the repeated presence of one 
article.



Chapter 2

48

Study

First trimester 

Second trimester

Third trimester 

Summary

Summary

Summary

I2 = 99%

I2 = 85%

I2 = 65%

Mäkikallio (ref, 27) 2004
Kurjak (ref, 30) 1997
Deurloo (ref, 2) 2007
Hsieh (CSpA, ref, 32) 1999
Kurjak (ref, 26) 1997
Mäkikallio (ref, 27) 2004
Mäkikallio (ref, 27) 2004
Hsieh (PSpA, ref, 32) 1999
Mäkikallio (ref, 27) 2004
Kurjak (ref, 30) 1997
Ozkaya (ref, 28) 2007
Kurjak (ref, 30) 1997
Ozkan (ref, 15) 2015

Matijevec (CSpA, ref, 9) 1995
Deurloo (ref, 2) 2007
Matijevec (PSpA, ref, 9) 1995
Hsieh (PSpA, ref, 32) 1999
Kurjak (ref, 30) 1997
Kurjak (ref, 30) 1997
Hsieh (CSpA, ref, 32) 1999
Hsieh (CSpA, ref, 32) 1999
Hsieh (PSpA, ref, 32) 1999

Kurjak (ref, 30) 1997
Hsieh (CSpA, ref, 32) 1999
Hsieh (CSpA, ref, 32) 1999
Kurjak (ref, 30) 1997
Hsieh (PSpA, ref, 32) 1999
Hsieh (PSpA, ref, 32) 1999

0.2 0.4 0.6 0.8
Resistance Index

RI

0.49

0.40

0.36

0.39
0.43
0.44
0.44
0.45
0.46
0.48
0.50
0.50
0.51
0.54
0.58
0.70

0.32
0.34
0.38
0.39
0.40
0.41
0.43
0.43
0.45

0.34
0.35
0.36
0.37
0.37
0.38

95% CI

[0.46; 0.53]

[0.38; 0.42]

[0.35; 0.37]

[0.35; 0.43]
[0.42; 0.44]
[0.39; 0.49]
[0.42; 0.46]
[0.44; 0.46]
[0.42; 0.50]
[0.44; 0.52]
[0.48; 0.52]
[0.46; 0.54]
[0.50; 0.52]
[0.52; 0.56]
[0.57; 0.59]
[0.67; 0.73]

[0.28; 0.36]
[0.29; 0.39]
[0.33; 0.43]
[0.36; 0.42]
[0.39; 0.41]
[0.40; 0.42]
[0.40; 0.46]
[0.41; 0.45]
[0.43; 0.47]

[0.33; 0.35]
[0.33; 0.37]
[0.34; 0.38]
[0.35; 0.39]
[0.36; 0.38]
[0.35; 0.41]

Figure 3. Forest plot of studies exploring spiral artery measurements (Resistance Index) during 
first, second and third trimester in healthy pregnancies. Some articles performed two or more SpA 
measurements in one trimester in the same population, explaining the repeated presence of one 
article.
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Figure 4. Forest plot of studies exploring spiral artery measurements (Peak Systolic Velocity m/s) 
during first, second and third trimester in healthy pregnancies. Some articles performed two or 
more SpA measurements in one trimester in the same population, explaining the repeated presence 
of one article.
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Table 3 Quality assessment of included studies.
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Study 
participation

Adequate description of participants’ characteristics

•	 Parity or gravidity - - - + + - - + - - - +

•	 Health or comorbidities of participants - - + + + - + + - - - -

•	 Clear reporting of weeks amenorrhea + + + + + + + + + + + +

•	 Ethnicity - - - - - - - - - - - -

•	 Age - - + + + - + + + + + +

•	 Non-pregnant weight/BMI - - + + - - - - - - - -

•	 Use of medication or supplements - - - - - - + - - - - -

Adequate description of participant recruitment - - + + + - + - + + + +

Adequate description of inclusion and exclusion criteria - - + + + + + + + - + +

Study attrition Reasons for loss to follow-up/drop-out are provided - + - - - - - - - - - -

Adequate description of participants lost to follow-up/ differences between 
participants who completed and drop-outs

- - - - - - - - - - - -

Outcome 
measurement
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Count (+) 4 7 12 13 11 5 9 11 10 6 7 8

Score % 24 41 71 76 65 29 53 65 59 35 41 47

Quality Low Medium High High High Low Medium High Medium Low Medium Medium 
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ABSTRACT

Introduction: Abnormal levels of first trimester placental biomarkers are associated 
with the development of placental syndrome (PS). However, prediction performance is 
moderate, possibly explained by the clinical heterogeneity of PS. Aim of this study is 
to investigate the association between first trimester biomarkers and the presence of 
maternal vascular malperfusion (MVM), as a marker for placental insufficiency. 

Methods: This retrospective study included 195 women with available first trimester blood 
sample and placenta histological sections for examination at the Maastricht University 
Medical Centre. Women were divided into 4 groups, based on the presence of having MVM 
lesions and/or PS. Levels of PAPP-A, PlGF and sFlt-1 were measured and MVM lesions were 
classified according to the Amsterdam Placental Workshop Group Consensus Statement. 

Results: MVM occurrence was observed in 32% of the uncomplicated pregnancies. Women 
with MVM (regardless of the PS) had lower levels of PAPP-A (p=0.038) and sFLt-1 (p=0.006), 
and a non-significant trend for lower PlGF and sFlt-1/PlGF ratio compared to women 
without MVM. Low PAPP-A levels individually and in combination with the presence of 
PS was significantly associated with MVM lesions (aOR= 3.0 and 6.1, respectively), as did 
the combination of low PlGF levels and PS (aOR= 4.6). In women with PS, having MVM 
increased the incidence of fetal growth restriction, small for gestational age neonates, 
lower birthweight and adverse neonatal outcome.

Discussion: Our findings suggest that MVM lesions were found to be associated with 
increased obstetric risks due to early placental dysfunction that can potentially be 
predicted by the use of first trimester biomarkers.
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INTRODUCTION

An adequate function of the placenta and utero-placental circulation plays a key role 
during healthy pregnancy (1). During early gestation, trophoblast plugs in the maternal 
spiral arteries (SpA) restrict oxygenated blood flow into the intervillous space, resulting 
in a physiologically hypoxic environment that is beneficial for early fetal and placental 
development (2). From six to seven weeks of gestation onwards, trophoblast cells start 
to migrate into the walls of the SpA, initiating a process of transformation from a high-
resistance, adrenergic-sensitive into a low-resistance, adrenergic-insensitive utero-
placental vasculature (3, 4). After dissolvance of the trophoblastic plugs between 8 to 
10 weeks, subsequently, insensitive to adrenergic stimuli, maternal blood from the SpA 
continuously flows into the intervillous space and exchange of gas and nutrients can take 
place between mother and fetus (5). 

However, in case of deficient syncytiotrophoblastic function, inadequate SpA remodeling 
affects the progress of optimal placental development and perfusion (6). As a result, a 
decrease in production of pro-angiogenesis placental growth factor (PlGF) and increase 
in production of anti-angiogenesis soluble fms-like tyrosine kinase-1 (sFlt-1) will occur (7). 
PlGF, a pro-angiogenic factor predominantly expressed in placental trophoblast, binds to 
VEGF-receptor or fms-like tyrosine-1 (Flt1), thereby enhancing the pro-angiogenic action 
of VEGF-A. Besides the membrane-bound receptor form, Flt-1 also exists in a soluble form 
(sFlt-1) that is secreted by the placenta and scavenges VEGF and PlGF, thereby lowering 
circulating levels of unbound VEGF and PlGF. Reduced placental perfusion and subsequent 
placental hypoxia are associated with increased production of sFlt-1 and decreased 
concentrations of PlGF in both human and animal models (8, 9). Pregnancy-Associated 
Plasma Protein A (PAPP-A) is a key regulator of insulin-like growth factor bioavailability 
essential for normal fetal development. In maternal blood, this protein increases with 
gestational age and then rapidly decreases after delivery. Low maternal serum levels 
of PAPP-A are known to be associated with the development of pregnancy-related 
complications (10-12). 

Several clinical entities known as ‘placental syndromes (PS)’, including pregnancy induced 
hypertension (PIH), preeclampsia (PE), hemolysis-elevated-liver enzymes-low-platelets 
(HELLP) syndrome, intra-uterine growth restriction (IUGR) and the delivery of a small for 
gestational age (SGA) neonate, are thought to be a phenotypical expression of placental 
insufficiency (13). Given the impact on both mother and fetus, previous researchers tried to 
develop an antenatal screening tool for PS that included first trimester placental biomarkers 
(14). Nonetheless, the predictive performance appeared to be moderate, possibly explained 
by the fact that there is a wide variety in clinical presentation, definitions and cut-off values 
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for the diagnosis of PE and IUGR (15-17). Not all PS phenotypes are actually related to ‘true’ 
placental insufficiency, characterized by the presence of severe placental pathological 
lesions, expressed as maternal vascular malperfusion (MVM) placental lesions (18). Indeed, 
many cases of PE, typically mild and late PE developing after 34 weeks of gestation, show 
no evidence of placental pathology, emphasizing the heterogeneity of the disease (19, 
20). On the other hand, MVM lesions are also detected in placentae from uncomplicated 
pregnancies, being an unnoticed potential risk factor for both maternal and neonatal 
future health (21-24). 

Therefore, a non-invasive antenatal screening tool that is in time for clinical decision-
making is needed to provide us with correct information consistent with MVM lesions. This 
study focusses on the relationship between first trimester biomarkers and the presence of 
MVM lesions, regardless of having PS. We hypothesize that there is a positive association 
between abnormal biomarkers levels and the presence of MVM-lesions and that this 
association is stronger in pregnancies complicated with PS compared to uncomplicated 
pregnancies.
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MATERIALS AND METHODS

Selection of study population
A retrospective cohort study was performed including women who delivered at the 
Maastricht University Medical Centre (MUMC+, The Netherlands) and whose placenta 
was analyzed by the department of Pathology between January 2017 and December 2018. 
Exclusion criteria were histological reports of retained placental tissue, twin pregnancies, 
delivery < 22 weeks of gestation, intra-uterine fetal death (IUFD) < 22 weeks of gestation, 
fetal chromosomal or congenital abnormalities, unreported birthweight and unknown 
smoking status or maternal weight. Of the remaining pregnancies with a complete 
histological report, we retrospectively analyzed their 11th - 13th week maternal blood sample 
to determine biomarker levels. The final study sample consisted of 195 pregnancies with 
complete placenta and biomarker data who were stratified based on the presence of MVM 
lesions and PS, resulting into four groups: MVM with or without PS and no MVM with or 
without PS. Ethical approval was obtained by the local Ethics Board (17-4-0.15.1/ab). 

Data collection 
Data was collected using electronic patient files that were filled in by an obstetrician, 
midwife or pediatrician at the MUMC+. Baseline characteristics were collected using the 
clinical risk factors mentioned in the NICE guidelines (25). Maternal baseline characteristics 
included maternal age at delivery (years), pre-gestational body mass index (BMI, kg/m2), 
smoking status, parity, spontaneous conception, use of antihypertensive treatment during 
gestation and use of aspirin during gestation (26). Data on medical history included chronic 
hypertension (blood pressure ≥ 140mmHg systolic and/or ≥ 90mmHg diastolic before 
20 weeks of gestation), antiphospholipid syndrome (APS), thrombophilia and previous 
thrombotic events. Data on obstetrical history encompassed the diagnosis of PIH, PE, 
HELLP syndrome or an SGA neonate in a previous pregnancy. Due to missing ultrasound 
scans of previous pregnancies, we were not able to provide percentages of intrauterine 
growth restriction (IUGR) diagnosis as part of the obstetrical history.

Pregnancy outcomes consisted of the development of one of the five types of PS during 
current pregnancy, the development of gestational diabetes (diagnosed by an oral glucose 
tolerance test (27)), being group B-streptococcus (GBS) carrier and placental abruption 
(partial and total) (28). PS was defined as having one or a combination of the pregnancy 
related complications including PIH, PE, HELLP, IUGR or a SGA neonate. PIH was defined as 
the development of hypertension (blood pressure ≥ 140mmHg systolic and/or ≥ 90mmHg 
diastolic) after 20 weeks of gestation (29). PE was defined as the presence of pregnancy 
induced hypertension and the presence of proteinuria (protein/creatinine ratio > 30 mg/
mmol) (30). HELLP syndrome was defined as the presence of hemolysis, increased liver 
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enzymes and thrombocytopenia (31, 32). IUGR was defined as an abdominal circumference 
(AC) or an estimated fetal weight (EFW) below the 10th percentile (33). SGA was defined as 
birth weight below the 10th percentile according to the Hoftiezer curve (34). Diagnosis of 
PIH, PE, HELLP, IUGR and SGA were not mutually exclusive. Early-onset PS (< 34 weeks of 
gestation) and late-onset PS (≥ 34 weeks of gestation) were defined based on gestational 
age at onset of disease diagnosed by medical staff. 

Delivery outcomes included prolonged rupture of membranes (> 24 hours before delivery), 
maternal fever during labor (temperature above 38°C), postpartum hemorrhage (blood 
loss > 500 mL within 24 hours after vaginal delivery or > 1000 mL after cesarean delivery), 
gestational age at delivery (days) and premature delivery (< 34 weeks of gestation) (35, 36). 

Neonatal outcomes consisted of birth weight (grams), birthweight percentile according 
to the Hoftiezer curve (34), perinatal death including IUFD (from 22 weeks of gestation 
until 7 days after birth), postnatal death (between 7 to 28 days postpartum after a 
gestational age of at least 22 weeks) and a compound of adverse neonatal outcomes. 
Adverse neonatal outcome was a collective term that consisted of either: A) admission 
of the neonate to the medium care (MC) or neonatal intensive care unit (NICU), or B) the 
presence of an adverse neonatal event as previously has been described in literature (37). 
Adverse neonatal events included an Apgar score < 7 after 5 minutes, resuscitation after 
birth, asphyxia (defined as pH < 7.10 and an Apgar score < 7 after 5 minutes), respiratory 
support (supplementation of oxygen or intubation), transient tachypnea (respiratory rate 
> 60/min), respiratory distress syndrome ((RDS) including tachypnea, sternal/intercostal 
retraction, nasal flaring, moaning), bronchopulmonary dysplasia, necrotizing enterocolitis 
(NEC), sepsis (tachycardia, tachypnea, hypothermia/hyperthermia (38)), intraventricular 
hemorrhage (IVH), blood transfusion, phototherapy and hypoglycemia (< 2.0 mmol/L in 
first four hours postpartum, < 2.5 mmol/L after first four hours postpartum (39)). Definitions 
and cut-off values were based on local guidelines. 

Biomarker analysis 
Maternal blood serum was obtained during aneuploidy screening or routinely antenatal 
blood screening between 11+0 - 13+6 weeks of gestation and stored at a temperature of 
-20 degrees Celsius. A technician blinded to clinical outcomes, retrospectively measured 
the levels of pregnancy-associated plasma protein A (PAPP-A), placental growth factor 
(PlGF) and soluble fms-like tyrosine kinase-1 (sFlt-1) according to the manufacturer’s 
instructions on the fully automated immunoassays BRAHMS KRYPTOR compact PLUS 
system (ThermoFisher Scientific, Henningsdorf, Germany). Analyzed data was converted 
into multiple of median values (MoM). The MoM values for PAPP-A and PlGF levels were 
calculated using the Fetal Medicine Foundation (FMF) Batch MoMs calculator and were 
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adjusted for maternal characteristics (age, weight, ethnicity, parity, smoking status), 
obstetric characteristics (conception method, gestational age at sampling), medical 
history (diabetes mellitus) and type of assay machine (40, 41). Low values for PAPP-A 
and PlGF (both ≤ 5th percentile) were calculated using the reference values published by 
ThermoFisher for the BRAHMS KRYPTOR assay machine (42, 43). The sFlt-1 MoM values 
were related to the gestational age specific medians provided by ThermoFisher based on 
healthy pregnant women (44, 45). Values of sFlt-1 and sFlt-1/PlGF ratios were considered 
high in case of a value > 95th percentile. 

Placental pathology 
A summary of clinical indications to send the placenta to the Department of Pathology 
at the MUMC+ is shown in Table S1*. After delivery, placentas were fixed in 4% buffered 
formalin for at least 48 hours. Examination was performed at the Department of Pathology 
according to the local standard protocol by two different pathologists (S.H. and C.S.), both 
specialized in assessing placental (histo)pathology. The placental bed, umbilical cord and 
membranes were macroscopically examined. The placenta was weighted after the removal 
of the extraplacental membranes and umbilical cord. Placental weight percentiles were 
calculated according to reference values (46). Subsequently, the placenta was cut in 1 cm 
thick slices and at least four blocks of placental tissue were sampled, including two rolls 
of the extraplacental membranes, together with two cross-sections of the umbilical cord 
(fetal and maternal side) and at least two full-thickness samples of normal appearing 
placental parenchyma. In case of abnormal appearing placental parenchyma additional 
tissue blocks were processed. The samples were embedded in paraffin and 4 μm sections 
were cut and stained with H&E (hematoxylin and eosin) for microscopic assessment. 
Findings were reported and electronically recorded.

The presence of MVM lesions was defined according to the Amsterdam Placental Workshop 
Group Consensus Statement (18), encompassing 1) placental hypoplasia (placental weight 
<10th percentile), 2) infarction (> 5% of non-peripheral infarction in a term placentas or 
any infarction seen in a preterm placenta), 3) retroplacental hemorrhage, 4) distal villous 
hypoplasia (thin and relatively elongated-appearing villi with an increase of syncytial 
knots), 5) accelerated villous maturation (small or short hypermature villi for gestational 
period usually with increase in syncytial knots) and 6) decidual vasculopathy (acute 
atherosis, fibrinoïd necrosis, arterial thrombosis, mural hypertrophy and the absence of 
spiral artery remodeling). If there was any uncertainty about the classification, the severity 
of the lesion or other terms used in the pathology reports, the report or stored placental 
cassettes were reviewed again by the pathologist (C.S.). 
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Statistical analysis 
Statistical analysis was conducted using IBM SPSS 25 (SPSS Inc. Chicago, IL, USA). Normal 
distributions were tested using the Shapiro-Wilk test. Continuous variables were reported 
as mean with standard deviation or as median with interquartile range. Normal distributed 
data was compared using One-way analysis of variance (ANOVA) with post-hoc test for 
between-group differences. The Bonferroni correction was used to correct for multiple 
testing. Skewed continuous data was tested using Kruskal-Wallis or Mann-Whitney U test. 
Categorical and nominal variables were presented as proportions (%) and absolute values 
(n) and examined using Pearson’s chi-square test. To identify the odds ratios (OR), a binary 
logistic regression analysis was performed. P-values below 0.05 were considered to be 
statistically significant. 
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RESULTS

Maternal characteristics
A total of 195 women were included in this study. Based on the presence or absence of 
MVM lesions and PS four study groups were created; 64 cases in the reference group (= 
no MVM, no PS), 33 cases in the PS-only group (= no MVM, PS), 30 cases in the MVM-only 
group (= MVM, no PS) and 68 cases in the MVM+PS group (= both MVM and PS). The maternal 
characteristics, including medical history and obstetric history, are displayed in Table 1. 
Overall, baseline characteristics between the study groups were comparable. In the groups 
with PS pregnancies, the proportion current/former smokers was highest (PS-only: 30%, 
MVM+PS: 38%). The reference group showed lowest rates of antihypertensive drugs (8%, 
p<0.001) and the PS-only and MVM+PS groups showed highest rates (39% and 41%). The 
use of aspirin was most frequently observed in the MVM+PS group (p=0.034). No significant 
differences in medical history, including chronic hypertension, antiphospholipid syndrome, 
thrombophilia and thrombotic events, were observed between the study groups. However, 
chronic hypertension was most common in the PS-only group (12%) and least common 
in the MVM-only group (0%). Furthermore, a history of complicated pregnancy was more 
frequently observed in the groups with PS (PS-only: 30%, MVM+PS: 37%) and a previous 
small for gestational age (SGA) neonate was significantly higher in the group MVM+PS 
compared to the other groups (p<0.001).

First trimester placental biomarkers
Lowest levels of PAPP-A were seen in the groups with MVM lesions, while highest absolute 
levels of PAPP-A were found in the groups without MVM lesions (see Table 2). Moreover, in 
the MVM-only group the lowest absolute value was observed (1879 (1466-2816)) compared 
to 2131 (1746-2827) in the MVM+PS group (p=0.038)). Highest proportion abnormal levels 
of PAPP-A were observed in the MVM+PS group (22.1% compared to 6.3% and 6.1% in the 
reference and PS-only groups). In addition, PAPP-A (MoM values) are displayed on the 
y-axis in Figure 1. Again, the groups with MVM lesions showed statistically significant lower 
values in comparison to the groups without MVM lesions. 

Absolute levels of PlGF did not significantly differ between the groups (Table 2). The highest 
absolute value was seen in the PS-only group (40.3 (29.9-52.3)) and lowest in the MVM-
only group (31.5 (26.8-37.6)). Nonetheless, the two groups with MVM lesions showed lower 
values compared to the groups without having MVM lesions. Low levels of PlGF were more 
common in the reference and MVM+PS groups. PlGF (MoM values) demonstrated on the 
y-axis in Figure 1 showed statistical significant differences between the MVM+PS group and 
the groups without MVM lesions. 
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Table 1. Maternal characteristics of the four study groups. MVM= maternal vascular malperfusion, PS= 
placenta syndrome, BMI= body mass index, PIH= pregnancy induced hypertension, PE= preeclampsia, 
HELLP= hemolysis elevated liver enzymes and low platelets, SGA= small for gestational age, n= 
amount of patients.

Reference 
group
(n=64)

PS-only 
group
(n=33)

MVM-only 
group
(n=30)

MVM+PS 
group
(n=68)

P-value

Maternal age (years) 31 (± 4) 32 (± 4) 30 (± 4) 31 (± 5) 0.504

BMI (kg/m2) 23.3 
(22.3-25.4)

24.3 
(22.3-26.2)

22.1 
(20.9-27.4)

23.0 
(22.0-24.8)

0.875

Current/former smoker % (n) 22 (14) 30 (10) 17 (5) 38 (26) 0.083

Nulliparity % (n) 52 (33) 70 (23) 60 (18) 59 (40) 0.391

Spontaneous conception % (n) 91 (58) 85 (28) 83 (25) 87 (59) 0.742

Antihypertensive treatment % (n) 8 (5) 40 (13) A 13 (4) A, B 41 (28) A, C <0.001

Use of aspirin % (n) 9 (6) 21 (7) 17 (5) 29 (20) A 0.034

Medical history

Chronic hypertension % (n) 2 (1) 12 (4) 13 (4) 7 (5) 0.114

Antiphospholipid syndrome % (n) 0 (0) 3 (1) 0 (0) 0 (0) 0.177

Thrombophilia % (n) 3 (2) 0 (0) 0 (0) 0 (0) 0.247

Thrombotic events % (n) 0 (0) 3 (1) 0 (0) 4 (3) 0.260

Obstetrical history

PIH % (n) 2 (1) 12 (4) 0 (0) 6 (4) 0.064

PE % (n) 0 (0) 6 (2) 0 (0) 2 (1) 0.115

HELLP % (n) 0 (0) 3 (1) 0 (0) 3 (2) 0.417

SGA % (n) 2 (1) 9 (3) 7 (2) 27 (18) A, B, C <0.001

Data are presented as mean (SD), median (IQR) or percentages (%) with counts (n). A Statistical 
significance compared to reference group, B Statistical significance compared to PS-only group, C 

Statistical significance compared to MVM-only group. 

Absolute levels of sFlt-1 were significantly lower in the MVM-only and MVM+PS groups, 
compared to the reference and PS-only groups (p=0.006) (Table 2). The proportion that had 
abnormal levels of sFlt-1did not differ among groups, however no abnormal levels of sFlt-1 
were found in the MVM-only group. A decreased trend in sFlt-1 (MoM values) towards the 
MVM+PS group was observed, see Figure 1. Significant differences were observed between 
the groups with and without MVM lesions. 
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At last, Table 2 shows absolute levels of sFlt-1/PlGF ratios. Again, a decreased trend in 
sFlt-1/PlGF ratio is observed towards the MVM+PS group. Moreover, in the MVM+PS group 
most abnormal levels of sFlt-1/PlGF ratios were observed. 

Table 2. Differences in serum levels of placental biomarker within study groups. MVM= maternal 
vascular malperfusion, PS= placenta syndrome, PAPP-A= pregnancy-associated plasma protein A, 
PlGF= placental like growth factor, sFlt-1= soluble Fms-like Tyrosine Kinase-1, n= amount of patients.

Reference 
group
(n=64)

PS-only group
(n=33)

MVM-only 
group
(n=30)

MVM+PS group
(n=68)

P-value

PAPP-A (mU/L)
MoM 
≤ 5th % (n)

2965 (2671-3537)
1.2 (1.0-1.4)
6 (4)

2530 (2079-3613)
1.1 (1.0-1.5)
6 (2)

1879 (1466-2816) A

0.8 (0.6-1.0) A, B

17 (5)

2131 (1746-2827) A

0.8 (0.7-1.0) A, B

22 (15) A, B

0.038
0.001
0.029

PlGF (pg/mL)
MoM
≤ 5th % (n)

39.7 (34.1-44.7)
1.0 (0.9-1.1)
20.3 (13)

40.3 (29.9-52.3)
1.1 (1.0-1.2)
9.1 (3)

31.5 (26.8-37.6)
0.9 (0.7-1.1)
16.7 (5)

33.0 (27.8-42.0)
0.8 (0.7-0.9) A, B

22.1 (15)

0.138
0.026
0.437

sFlt-1 (pg/mL)
MoM
>95th % (n)

1221 (1079-1289)
1.0 (0.8-1.0)
3 (2)

1172 (1029-1363)
0.9 (0.8-1.1)
3 (1)

990 (756-1160) A

0.8 (0.7-0.9) A, B

0 (0)

915 (813-1019) A, B

0.7 (0.6-0.8) A, B

2 (1)

0.006
0.006
0.737

sFlt-1/PlGF ratio
MoM
>95th % (n)

32.9 (27.0-37.5)
1.0 (0.8-1.1)
6 (4)

31.6 (22.1-39.3)
0.9 (0.8-1.2)
3 (1)

29.6 (20.1-37.3)
0.9 (0.6-1.1)
3 (1)

26.5 (21.5-36.3)
0.8 (0.6-1.1)
10 (7)

0.854
0.857
0.441

Data are presented as median (IQR) or percentage (%) with counts (n). A Statistical significance 
compared to reference group, B Statistical significance compared to PS-only group, C Statistical 
significance compared to MVM-only group. 

Pregnancy, delivery and neonatal outcomes
Pregnancy, delivery and neonatal outcomes of the four study groups are presented in 
Table 3. Among women with PS, the group that also had MVM lesions (MVM+PS group) had 
a higher incidence of IUGR (49% versus 27%, p=0.042) and SGA (84% versus 39%, p<0.001. 
Moreover, the MVM+PS group had exclusively all cases of early-onset PIH and early-onset 
HELLP syndrome.

The median gestational age at delivery was lowest in the MVM-only group (p=0.018), 
resulting in 26,7% of premature deliveries. Median birthweight was lowest in the MVM+PS 
group and highest in the reference group (p<0.001), whereas median birth weight percentile 
was <10 in the MVM+PS group only (p<0.001). Moreover, the women with PS-only showed 
a median birth weight percentile of 19; however, the lower limit was 8. 



Chapter 4

100

0

1

2

3

4

5

M
oM

PlGFPAPP-A sFlt-1

l
´
n
u

Reference group
PS-only group
MVM-only group
MVM+PS group
   p<0.05*p≤0.05, **p≤0.01, ***p≤0.001

***

**

**

*

**

*

*

*

*

**

Figure 1. MoM of PAPP-A, PlGF and sFlt-1 within study groups. MVM= maternal vascular malperfusion, 
PS= placental syndrome, MoM= multiple of the median, PAPP-A= pregnancy-associated plasma 
protein A, PlGF= placental like growth factor, sFlt-1= soluble Fms-like Tyrosine Kinase-1.

Although not significant, adverse neonatal outcomes were more frequently observed in the 
MVM-only and MVM+PS groups (70% and 57%) compared to women with no MVM lesions 
(52%, p=0.053). The proportion of perinatal and postnatal deaths ranged between 0-6% 
in the study groups.
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Association between MVM lesions and various covariates
As presented in Table 4, PS was found to be associated with MVM lesions (odds ratio (OR)= 
4.4). An association was also seen between abnormal PAPP-A and MVM lesions (OR= 3.9). 
When combining the presence of PS and an abnormal value of PAPP-A, the OR of having 
MVM lesions was 8.6 (p=0.005) higher compared to women who did not have PS and an 
abnormal value of PAPP-A. Combining the presence of PS and an abnormal value of PlGF 
showed also an increased, significant odds ratio of 5.7 (p=0.008). The combination of the 
presence of PS and having two or more abnormal biomarkers gave a non-significant OR 
of 5.1. 

To overcome bias, we corrected the odds ratios for several baseline characteristics that 
were significantly different between groups (smoking, antihypertensive treatment, use of 
aspirin, premature delivery and a history of a SGA neonate). After correction, a significant 
association between MVM lesions and PS (aOR= 3.8, p<0.001) and abnormal PAPP-A (aOR= 
3.0, p=0.037) was found. Furthermore, the combination of PS with an abnormal PAPP-A 
value (aOR= 6.1, p=0.024) and PS with an abnormal PlGF value (aOR= 4.6, p=0.027) remained 
significant associated with the presence of MVM lesions. 
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Table 3. Differences in outcomes of pregnancy, delivery and neonatal complications within study groups. 
MVM= maternal vascular malperfusion, PS= placenta syndrome, PIH= pregnancy induced hypertension, 
PE=preeclampsia, HELLP= hemolysis elevated liver enzymes low platelets, IUGR= intra uterine growth 
restriction, SGA= small for gestational age, GBS= group B streptococcus, GA= gestational age, MC= medium 
care, NICU= neonatal intensive care unit, IUFD= intra uterine fetal death, n= amount of patients.

Reference group
(n=64)

PS-only group (n=33) MVM-only group (n=30) MVM+PS group (n=68) P-value

Pregnancy outcomes

PIH % (n)
Early-onset PIH % (n)

n/a 36 (12)
0 (0)

n/a 29 (20)
55 (11)

0.481
0.002

PE % (n)
Early-onset PE % (n)

n/a 39 (13)
8 (1)

n/a 28 (19)
32 (6)

0.246
0.108

HELLP % (n)
Early-onset HELLP % (n)

n/a 9 (3)
0 (0)

n/a 10 (7)
71 (5)

0.849
0.038

IUGR % (n)
Early-onset IUGR % (n)

n/a 27 (9)
22 (2)

n/a 49 (33)
64 (21)

0.042
0.027

SGA % (n) n/a 39 (13) n/a 84 (57) <0.001
Diabetes gravidarum % (n) 20 (13) 12 (4) 13 (4) 10 (7) 0.287

GBS positive % (n) 6 (4) 9 (3) 3 (1) 7 (5) 0.821

Abruptio placentae % (n) 6 (4) 0 (0) 7 (2) 10 (7) 0.282

Delivery outcomes

Prolonged rupture of membranes % (n) 23 (15) 9 (3) 17 (5) 10 (7) 0.134

Maternal fever during labor % (n) 20 (13) 18 (6) 7 (2) 0 (0) A, B, C 0.001
Postpartum hemorrhage % (n) 27 (17) 12 (4) 17 (5) 13 (9) 0.172

GA at delivery (days) 266 (252-273) 267 (263-272) 250 (238-259) A, B 262 (258-266) B 0.018
Premature delivery % (n) 16 (10) 6 (2) 27 (8) 19 (13) 0.164

Neonatal outcomes

Birth weight (gram) 3197 (2950-3385) 2800 (2690-3050) 2560 (2210-2860) A, B 2303 (2179-2460) A, B, C <0.001
Birth weight percentile 61 (41-69) 19 (8-59) A 44 (29-58) 4 (2-5) A, B, C <0.001
Adverse neonatal outcome % (n)

MC admission % (n)
Days of admission (SD)

NICU admission % (n)
Days of admission (IQR)

Adverse neonatal event % (n)

52 (33)
17 (11)
9 (± 6)
30 (19)
22 (12-39)
42 (27)

36 (12)
9 (3)
7 (± 5)
18 (6)
10 (4-17)
33 (11)

70 (21)
20 (6)
16 (± 10)
40 (12)
20 (8-51)
63 (19)

57 (39)
24 (16)
18 (± 8)
27 (18)
26 (13-34)
43 (29)

0.053
0.362
0.192
0.276
0.197
0.102

Perinatal death % (n)
IUFD % (n)

3 (2)
3 (2)

6 (2)
6 (2)

3 (1)
3 (1)

3 (2)
2 (1)

0.871
0.664

Postnatal death % (n) 0 (0) 0 (0) 0 (0) 2 (1) 0.598

Data are presented as mean (SD), median (IQR) or percentages (%) with counts (n). 
Adverse neonatal outcome = a collective term that consisted of either: A) admission of the neonate 
to the medium care (MC) or neonatal intensive care unit (NICU) , or B) the presence of an adverse 
neonatal event. Adverse neonatal event = Apgar score < 7, resuscitation after birth, asphyxia (defined 
as pH < 7.10 and an Apgar score < 7 after 5 minutes), respiratory support (supplementation of oxygen
or intubation), transient tachypnea (respiratory rate > 60/min), respiratory distress syndrome ((RDS)

including tachypnea, sternal/intercostal retraction, nasal flaring, moaning), bronchopulmonary 
dysplasia, necrotizing enterocolitis (NEC), sepsis (tachycardia, tachypnea, hypothermia/hyperthermia), 
intraventricular hemorrhage (IVH), blood transfusion, phototherapy and hypoglycemia (< 2.0 
mmol/L in first four hours postpartum, < 2.5 mmol/L after first four hours postpartum). A Statistical 
significance compared to reference group, B Statistical significance compared to PS-only group, C 
Statistical significance compared to MVM-only group. 
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Table 3. Differences in outcomes of pregnancy, delivery and neonatal complications within study groups. 
MVM= maternal vascular malperfusion, PS= placenta syndrome, PIH= pregnancy induced hypertension, 
PE=preeclampsia, HELLP= hemolysis elevated liver enzymes low platelets, IUGR= intra uterine growth 
restriction, SGA= small for gestational age, GBS= group B streptococcus, GA= gestational age, MC= medium 
care, NICU= neonatal intensive care unit, IUFD= intra uterine fetal death, n= amount of patients.

Reference group
(n=64)

PS-only group (n=33) MVM-only group (n=30) MVM+PS group (n=68) P-value

Pregnancy outcomes

PIH % (n)
Early-onset PIH % (n)

n/a 36 (12)
0 (0)

n/a 29 (20)
55 (11)

0.481
0.002

PE % (n)
Early-onset PE % (n)

n/a 39 (13)
8 (1)

n/a 28 (19)
32 (6)

0.246
0.108

HELLP % (n)
Early-onset HELLP % (n)

n/a 9 (3)
0 (0)

n/a 10 (7)
71 (5)

0.849
0.038

IUGR % (n)
Early-onset IUGR % (n)

n/a 27 (9)
22 (2)

n/a 49 (33)
64 (21)

0.042
0.027

SGA % (n) n/a 39 (13) n/a 84 (57) <0.001
Diabetes gravidarum % (n) 20 (13) 12 (4) 13 (4) 10 (7) 0.287

GBS positive % (n) 6 (4) 9 (3) 3 (1) 7 (5) 0.821

Abruptio placentae % (n) 6 (4) 0 (0) 7 (2) 10 (7) 0.282

Delivery outcomes

Prolonged rupture of membranes % (n) 23 (15) 9 (3) 17 (5) 10 (7) 0.134

Maternal fever during labor % (n) 20 (13) 18 (6) 7 (2) 0 (0) A, B, C 0.001
Postpartum hemorrhage % (n) 27 (17) 12 (4) 17 (5) 13 (9) 0.172

GA at delivery (days) 266 (252-273) 267 (263-272) 250 (238-259) A, B 262 (258-266) B 0.018
Premature delivery % (n) 16 (10) 6 (2) 27 (8) 19 (13) 0.164

Neonatal outcomes

Birth weight (gram) 3197 (2950-3385) 2800 (2690-3050) 2560 (2210-2860) A, B 2303 (2179-2460) A, B, C <0.001
Birth weight percentile 61 (41-69) 19 (8-59) A 44 (29-58) 4 (2-5) A, B, C <0.001
Adverse neonatal outcome % (n)

MC admission % (n)
Days of admission (SD)

NICU admission % (n)
Days of admission (IQR)

Adverse neonatal event % (n)

52 (33)
17 (11)
9 (± 6)
30 (19)
22 (12-39)
42 (27)

36 (12)
9 (3)
7 (± 5)
18 (6)
10 (4-17)
33 (11)

70 (21)
20 (6)
16 (± 10)
40 (12)
20 (8-51)
63 (19)

57 (39)
24 (16)
18 (± 8)
27 (18)
26 (13-34)
43 (29)

0.053
0.362
0.192
0.276
0.197
0.102

Perinatal death % (n)
IUFD % (n)

3 (2)
3 (2)

6 (2)
6 (2)

3 (1)
3 (1)

3 (2)
2 (1)

0.871
0.664

Postnatal death % (n) 0 (0) 0 (0) 0 (0) 2 (1) 0.598

Data are presented as mean (SD), median (IQR) or percentages (%) with counts (n). 
Adverse neonatal outcome = a collective term that consisted of either: A) admission of the neonate 
to the medium care (MC) or neonatal intensive care unit (NICU) , or B) the presence of an adverse 
neonatal event. Adverse neonatal event = Apgar score < 7, resuscitation after birth, asphyxia (defined 
as pH < 7.10 and an Apgar score < 7 after 5 minutes), respiratory support (supplementation of oxygen
or intubation), transient tachypnea (respiratory rate > 60/min), respiratory distress syndrome ((RDS)

including tachypnea, sternal/intercostal retraction, nasal flaring, moaning), bronchopulmonary 
dysplasia, necrotizing enterocolitis (NEC), sepsis (tachycardia, tachypnea, hypothermia/hyperthermia), 
intraventricular hemorrhage (IVH), blood transfusion, phototherapy and hypoglycemia (< 2.0 
mmol/L in first four hours postpartum, < 2.5 mmol/L after first four hours postpartum). A Statistical 
significance compared to reference group, B Statistical significance compared to PS-only group, C 
Statistical significance compared to MVM-only group. 
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Table 4. Odds ratios and adjusted Odds ratios for the risk on MVM lesions. MVM= maternal 
vascular malperfusion, OR= odds ratio, aOR= adjusted odds ratio, PS= placenta syndrome, PAPP-A= 
pregnancy-associated plasma protein A, PlGF= placental like growth factor, sFlt-1= soluble Fms-like 
Tyrosine Kinase-1. 

OR 95% CI P-value aOR* 95% CI P-value

PS 4.396 2.411-8.016 <0.001 3.763 1.900-7.450 <0.001

Abnormal PAPP-A 3.889 1.487-10.168 0.006 2.993 1.069-8.378 0.037

Abnormal PlGF 1.298 0.627-2.686 0.482 1.017 0.454-2.276 0.968

Abnormal sFlt-1 0.323 0.033-3.161 0.332 0.367 0.035-3.811 0.401

PS + abnormal PAPP-A 8.584 1.907-38.646 0.005 6.082 1.266-29.220 0.024

PS + abnormal PlGF 5.663 1.583-20.250 0.008 4.548 1.183-17.479 0.027

PS + abnormal sFlt-1 0.990 0.061-16.051 0.994 1.137 0.064-20.143 0.930

PS + ≥ two abnormal biomarkers 5.161 0.592-45.019 0.138 4.304 0.451-41.055 0.205

*Adjusted for: smoking, antihypertensive treatment, use of aspirin, premature delivery and history 
of a small for gestational age neonate.
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DISCUSSION

This study describes the association between abnormal levels of serum placental biomarkers in 
the first trimester and the presence of MVM lesions in the placenta in women with and without 
a clinical PS. Furthermore, this study highlights that abnormal PAPP-A levels in combination 
with PS had the strongest association with MVM lesions in the placenta. Our data showed lower 
first trimester serum levels of PAPP-A and PlGF in women who subsequently had MVM lesions 
compared to the women without MVM lesions. Likewise, Odibo et al. observed significant lower 
levels of PAPP-A and PlGF in women with PE specific pathological lesion and Wright et al. 
observed low levels of PAPP-A and PlGF in women with MVM lesions (21, 47). Moreover, PAPP-A 
and PlGF levels were higher in women with PS compared to those without PS, suggesting that 
the relationship between abnormal biomarkers and pregnancy complications is not as clear 
as thought before. Although sFlT-1 levels in the groups with MVM lesions were slightly lower 
compared to the groups without MVM lesions, these differences are not clinically relevant and 
the role of low sFlt-1 in early pregnancy is not clear. This is supported by data from Levine et 
al. who reported that concentrations of sFlt-1 only begin to increase steeply about five weeks 
before the onset of the clinical disease (48). Therefore, measuring sFLT-1 in early gestation does 
not seem to perform well in discriminating pregnancies at risk for PS and/or MVM lesions. 

Next to the presence of a clinical PS, abnormal PAPP-A levels were significantly associated with 
MVM lesions in the placenta. Moreover, abnormal PAPP-A levels in combination with PS showed 
a 6.1 times increased odds for the presence of MVM, highlighting the relationship between the 
clinical, biochemical and pathological expressions of poor placentation.

Previous biomarker studies do not specifically describe women with MVM lesions and no clinical 
symptoms, as we do in this current study. Examining this specific group of uncomplicated 
pregnancies with histological lesions reflecting placental insufficiency could provide more 
insight into the pathological pathways distinguishing pregnancies that develop a type of PS 
and those who do not.

In our study, the proportion of women having MVM lesions without any clinical symptoms of 
PS was 32%. However, the prevalence of women having MVM lesions without PS may be higher, 
due to high percentages of home births and large amounts of placentae that are not send for 
placental examination (49). Conversely, the use of antihypertensive drugs or aspirin by women 
with a higher risk on PS could suppress the development of clinical symptoms, thereby ‘falsely’ 
masking the presence of a PS. Nevertheless, the percentage of women using antihypertensive 
drugs or aspirin in the MVM group without PS was only 13% and 17% respectively, leaving the 
majority of women in this group to have an uncomplicated pregnancy without the help of 
medication. 
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There is a growing conviction among clinicians and scholars studying the epidemiological 
impact of placental pathology that the presence of MVM lesions on placental pathology 
examination have implications for long-term maternal cardiovascular disease, infantile 
physical development throughout the initial 18 months of life and the risk of adverse 
pregnancy outcomes in a subsequent pregnancy (13, 22-24). We observed an increasing 
trend of adverse neonatal outcomes and abnormal PAPP-A and PlGF levels from the 
reference group towards the MVM+PS group. These findings emphasize that having MVM 
lesions is possibly more threatening compared to having PS and that the presence of 
MVM lesions in women with PS has an attributable negative impact on both maternal and 
neonatal health (51). 

There are few limitations to this study. Pathologists examining the placentas were not 
blinded to the clinical outcome of the pregnancy. Sebire et al. reported a three-fold 
over reporting of placental lesions in PE when pathologists were unblinded to clinical 
information, compared to reporting blinded for outcome (52). Therefore, there is a possible 
overrating of MVM lesions in our PS population, although MVM lesions were also reported 
in the no PS groups and placentas were examined based on a standardized protocol. In 
case of uncertainty the placenta was reviewed again by an experienced pathologist.  This 
study took place in a tertiary center and recruited from a high-risk population of women, 
and is therefore possibly not applicable to a broader population of women. Only one 
blood sample at 11-13 weeks of gestation was available for analysis. Therefore, we are 
not able to comment on the most optimal moment for screening, which is possibly later 
then 11-13 weeks or enraptures the delta between two measurements. Also, we had to 
exclude women that did not have a blood sample at 11-13 weeks of gestation available for 
biomarker analysis, decreasing our sample size. There was a high rate of adverse neonatal 
outcomes in our reference group, possibly explained by the minor indications for which 
the neonates were admitted to the medium care.  Furthermore, we have included both 
SGA neonates and IUGR in our definition of PS, since these numbers are not always in 
accordance to each other (f.e. estimated fetal weight is ‘appropriate for gestational age’ 
based on ultrasound measurements (= no diagnosis of IUGR), nevertheless resulting in a 
SGA neonate). We classified SGA-neonates based on the Hoftiezer curve (a mean of Dutch 
neonatal lengths and weights) that is not adjusted for maternal height, weight in early 
pregnancy, parity and ethnic group (34). However, the use of customized birth percentiles 
based on individual fetal growth potential would enhance the ability to make a distinction 
between physiological and pathological smallness (53). Last, in contrast to PAPP-A and 
PlGF, no FMF calculator for the evaluation of sFlt-1 MoM values was available. Therefore, 
sFlt-1 MoM values had to be calculated using the median of a relatively small reference 
study population, possibly influencing our data.
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In conclusion, this study shows that the presence of MVM (regardless of the co-occurrence 
of PS) is associated with abnormal levels of placental biomarkers in the first trimester 
of pregnancy and highlights that abnormal PAPP-A levels in combination with PS had 
the strongest association with MVM lesions in the placenta. These findings advance our 
insight into the potential role of placental biomarkers in screening strategies for placental 
insufficiency and clinical decision making as we enter the era of personalized obstetric 
care.
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ADDITIONAL FIGURES/TABLES*

Table S1. Clinical indications for placental examination.

Premature delivery (<34 weeks of gestation)

Pregnancy complicated by preeclampsia or hemolysis-elevated-liver enzymes-low-platelets 
syndrome

Pregnancy complicated by intra uterine growth restriction or small for gestational age neonate

Fetal chromosomal or congenital abnormalities 

Abruptio placentae

Placenta accreta/increta/percreta

Suspected intrauterine infection

Intrauterine fetal death

Unexpected adverse neonatal events after birth

Monochorionic twin pregnancies 

Healthy subjects participating in prospective studies
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ABSTRACT

Objectives: Given the crucial role of the placenta in establishing a healthy pregnancy, 
reliable non-invasive methods to measure placental perfusion are desirable. The aim 
of this study is to determine the reproducibility and potential bias in different three-
dimensional power Doppler (3DPD) methods assessing placenta perfusion. 

Methods: Ten singleton pregnancies around 16 weeks of gestation, with an anteriorly 
located placenta and centrally inserted umbilical cord were included in this study. Eight 
different combinations of a specific placental sweep and sonobiopsy method were used to 
evaluate placental perfusion. Vascularization index (VI), flow index (FI) and vascularization-
flow index (VFI) were determined offline using the 4D-view program. Reproducibility and 
repeatability of the methods, expressed as correlation coefficients and Bland-Altman mean 
differences, were calculated. Differences between sampling methods were analyzed using 
t-test or Mann-Whitney U test.

Results: Intra- and inter-class correlation coefficient (CC) was highest when using a 
spherical centrally placed sonobiopsy of 2 cm3 in a whole placenta sweep (method 1; 
IntraCC VI 0.985, FI 0.769, VFI 0.993, InterCC VI 0.986, FI 0.784, VFI 0.987). Overall, intraCCs were 
higher compared to interCCs. Lowest mean differences in VI and FI were found comparing 
spherical to manual sonobiopsies, whereas the mean differences in VFI were lowest when 
comparing central versus peripheral located sonobiopsies. Comparing the three vascular 
indices, best median intra- and interCC and lowest mean differences were found for VFI. 

Conclusions: Three dimensional placental vascularization analysis showed best 
reproducibility using whole placental sweep volume and centrally located, spherical 
sonobiopsy of 2 cm3. 



Feasibility of 3DPD methods to asses placental function

117

5

INTRODUCTION

During pregnancy, the placenta develops as one of the most essential short-lived organs 
in the human body. In normotensive, early gestation, adequate maternal-fetal exchange 
is established by a physiological invasion of trophoblast cells into the walls of the spiral 
arteries. Trophoblast invasion causes the spiral arteries to lose their smooth muscle 
cells, thereby increasing their diameter and losing their vasoreactive properties and 
with it establishment of a continuous low-velocity blood flow into the intervillous space 
(1, 2). Complete transformation of the myometrial spiral arteries is thought to be more 
extensive in the central part compared to peripheral parts of the placenta (3). Failure of this 
transformation is a significant component in the etiology of reduced placental perfusion 
that leads to many disorders collectively known as placenta syndrome (PS) (4, 5). 

Given the placenta’s crucial role to enable adequate oxidative and nutrient fetal-
maternal exchange, validly reproducible, non-invasive methods to measure placental 
insufficiency are desirable. The golden standard in determining placental insufficiency is 
postpartum histopathology (6); however, this information is behind time to affect clinical 
decision and intervention. Therefore, researchers have started to focus on non-invasive, 
antepartum methods to measure utero-placental circulation, amongst color Doppler (CD) 
ultrasonography, that also allows to study the placental vascular development throughout 
gestation. Abnormal upstream CD measurements, representing high resistance in the 
uterine artery, are associated with an increased risk of preeclampsia and intra uterine 
growth restriction, both representors of maternal and fetal placental syndromes (7). 
Nonetheless, uterine artery resistance is a surrogate for downstream placental perfusion 
and does not necessarily reflect the (patho-) physiological changes within the placenta (8). 

There is a growing interest for 3D power Doppler (3DPD) ultrasonography during recent 
years, given the higher sensitivity for small vessels and low-velocity flow compared to CD 
(9-12). Measures of placental perfusion, obtained by sonobiopsy sampling, are expressed 
as vascularization index (VI), flow index (FI) and vascularization flow index (VFI) and are 
calculated out of 3-dimensional volume units. Previous 3DPD-studies showed conflicting 
results on reproducibility that may depend on the chosen region of interest, sweep method 
and measurement method of the sonobiopsy sampled (13-17). It is therefore challenging 
to interpret and extrapolate previous published data. 

The aim of this study was to determine the validity and reproducibility of 3DPD methods 
assessing placental perfusion, focusing on the location and method of sonobiopsy 
sampling in combination with different 3D sweeps. 



Chapter 5

118

METHODS

Study population
This study was performed between January and July 2019, as part of a longitudinal study, 
at the Department of Gynecology and Obstetrics, Maastricht University Medical Centre 
(MUMC+). A total of 10 Dutch speaking or understanding women with a singleton pregnancy 
around 16 weeks of gestation, with an anterior located placenta and centrally inserted 
umbilical cord were included in this study. Ethical approval for this study was given by the 
Ethics Committee of the MUMC+ (METC 15-4-026). Written informed consent was obtained 
for every participating woman. Exclusion criteria were fetal chromosomal or syndromal 
abnormalities, placental tumors, Body Mass Index (BMI) > 35 kg/m2 and age < 18 years. All 
placental ultrasonography images were acquired by one sonographer (V.S.) using Voluson 
730 Expert ultrasound machine (GE Healthcare) equipped with a 3,5 MHz abdominal 
transducer. Women were positioned in a semi-recumbent position (+/- 45º) and were 
asked to remain as still as possible during the examination. A baseline two-dimensional 
ultrasound scan was performed to confirm the viability of the pregnancy, position of the 
fetus and location of the placenta. Ultrasound scans were performed between 15.9 and 
18.0 weeks of gestation as part of a longitudinal study.

Ultrasound settings
The position of the transducer was adjusted to provide a cross-sectional view of the 
placenta. During the placental sweep measurement, women were asked to hold their 
breath for up to 10 seconds. Basic settings were PRF 1.3 kHz, WMF low 2, frequency low, 
quality norm, gain 1 (CD) and -1.6 (PD), depth 10.7 cm, overall zoom 1.1, scan angle 55º 
and a 3D box size that was in line with the outer margins of the scan angle. However, 
depending on maternal BMI and the presence of artefacts, the CD gain was adjusted (to 
a maximum of 5) to reach individual optimal settings. Based on previous studies, eight 
different methods to evaluate placental perfusion were selected and used for analysis. 
Each method was a combination of a specific placental sweep (of the whole or segmental 
placenta) and sonobiopsy method (spherical or manual volume of 2 cm3). The software 
program Virtual Organ Computer-aided AnaLysis (VOCAL) (GE) was used to calculate the 
3DPD indices offline in every patient. 

3DPD sweeps
After visualizing the area of interest and starting the Power Doppler (PD) function on the 
ultrasound machine, a 3D sweep was performed to require a 3DPD volume. Three different 
3DPD sweeps were taken in every patient; one large sweep covering the whole placenta 
(WP) and two smaller sweeps of the central and peripheral segments of the placenta (SP), 
see Figure 1. A WP sweep was acquired by adjusting the sweep angle to a maximum of 90º 
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to ensure the entire length of the placenta was captured during the measurement (Figure 
1A). To acquire the SP sweeps, the sonographer zoomed in on the area of interest, including 
the chorionic and basal plate of the placenta. For central segments of the placenta, the 3D 
box was placed at the umbilical cord insertion (Figure 1B). For peripheral segments of the 
placenta, the 3D box was placed in line with the lateral (maternal right side by convention) 
edge of the placenta (Figure 1C). 

 

 

Figure 1. Schematic overview of different sweep methods in a placenta with central insertion of the 
umbilical cord.  
A; 3D Power Doppler sweep of the whole placenta (WP),  
B; 3D Power Doppler sweep of the central segment of the placenta (SP) and  
C; 3D Power Doppler sweep of the peripheral segment of the placenta (SP). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic overview of differences in sweep methods in a placenta with centrally inserted 
umbilical cord. A; 3D Power Doppler sweep of the whole placenta- (WP), B; 3D Power Doppler sweep of 
the central segment of the placenta (SP) and C; 3D Power Doppler sweep of the peripheral segment 
of the placenta (SP).

VOCAL analysis sonobiopsies
The volumes were analyzed using VOCAL included in the 4D-View software (Version 10.5, 
BT12, GE Healthcare). Assessment of the 3DPD images was performed using the rotational 
sonobiopsy method of the VOCAL software, in which the volume was rotated 6 times over 
a 30º angle. The 3DPD volume was displayed in a multiplane view, consisting of orthogonal 
planes A, B, C and a fourth plane displaying the rendered volume. Plane A was displayed as 
coronal, plane B as sagittal and plane C as axial. For the 3DPD analysis, plane A was used 
as a workplane. Sonobiopsy was positioned in the center of the volume and blood vessels 
from the basal and chorionic plates were not included. Within each 3DPD sweep, two 
different sonobiopsy methods were performed: 1) a spherical sonobiopsy with a predefined 
volume of 2 cm3 and 2) a manual sonobiopsy. For the latter, VOCAL’s manual mode enabled 
us to trace a specific volume of interest (sonobiopsy) of ± 2 cm3 within the acquired 3DPD 
sweep and calculated the vascularization in this given volume. 

VOCAL automatically calculated 3DPD indices; i.e. Vascularization Index (VI), Flow Index 
(FI) and Vascularization-Flow Index (VFI). VI reflects the relative proportion of colored to 
grey voxels in the volume of interest and determines the quantitative amount of blood 
vessels. FI represents the mean power Doppler signal intensity. VFI is a combination of the 
two previous described indices, derived by their multiplication, providing information 
concerning vessel presence and the amount of flow (13, 16). 
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Figure 2 gives a summary of the eight sonobiopsy methods, using WP sweeps (method 
1-4), central SP sweeps (method 5, 7), peripheral SP sweeps (method 6, 8) and spherical or 
manual sonobiopsies. All described eight methods were performed three times in every 
placenta volume, twice by observer JH and once by observer DP.

 

 

Figure 2A. Schematic overview of the eight different sonobiopsy methods in both whole placenta and 
segmental placental sweeps. The sonobiopsies are spherical or manually traced and placed in the 
central or peripheral part of the placenta. 

 

 

 

 

 

Figure 2. Schematic overview of the eight different sonobiopsy methods in both whole placenta and 
segmental placental sweeps.
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Statistical analysis
Statistical analysis was performed using SPSS version 20 (SPSS, Inc, Chicago, Illinois) 
and Graphpad Prism version 5.0. Normal distribution of the data was confirmed with the 
Shapiro- Wilk test. The intra-rater and inter-rater reproducibility, expressed as the intra-
class correlation coefficient (ICC) and 95% confident intervals was calculated using the two-
way random model, single measures and absolute agreement. Values less than 0.50 were 
considered poor reproducibility, values between 0.50-0.75 as moderate reproducibility, 
values between 0.75-0.90 as good reproducibility and values greater than 0.90 as excellent 
reproducibility (18). The difference between each pair of measurements was calculated by 
the value of the first measurement minus the value of the second measurement. Then, the 
Bland-Altman mean difference including standard deviation (SD) and the 95% confidence 
intervals (mean difference plus or minus (1.96 x SD)) were calculated for each method and 
vascular index. The mean differences between the measurements were close to zero if the 
raters tend to agree in measurement. Last, independent t-test and Mann-Whitney U test 
were used as appropriate to compare between sampling methods.
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RESULTS

Characteristics of study group
A total of 10 pregnancies without fetal structural anomalies or pre-existing conditions at that 
moment were included. All women had an anterior-located placenta and centrally inserted 
umbilical cord. Average gestational age during ultrasound scan was 116 ± 5 days. The women 
had a mean age of 33 ± 5 years and a pre-conceptional BMI of 27 ± 5 kg/m2, see Table 1. All 
women were Caucasian and did not use antihypertensive drugs at time of measurement. Six 
women were nulliparous and four women were multiparous. Three of them had no previous 
obstetric complications; one woman lost her child due to placental abruption. Furthermore, 
nine women had In Vitro Fertilization (IVF) pregnancy and one woman had a spontaneous 
pregnancy. In the current pregnancy, nine women were uncomplicated, whereas one pregnancy 
ended again in intra-uterine fetal death due to recurrence of placental abruption. This woman 
gave birth at 32 weeks of gestation. Median gestational age at delivery was 277 (Inter quartile 
range (IQR): 269-286) days, median birthweight was 3495 (IQR: 3004-3986) gram and there were 
no small-for-gestational age neonates. Sixty percent of the women gave birth to a boy. One 
women had severe blood loss during delivery (4000 ml). 

Table 1. Maternal characteristics of study population (n=10). Data are presented as mean with 
corresponding standard deviation, as median with inter quartile range or as number with percentage 
of the total population. 

Baseline characteristics

Age (years) 33 ± 5

BMI (pre-conceptional) (kg/m2) 27 ± 5

Gestational age at ultrasound (days) 116 ± 5

Nulliparous (n, %) 6 (60)

Smoking (n, %) 2 (20)

Caucasian (n, %) 10 (100)

Obstetric complicated history (n, %) 1 (10)

Pregnancy outcome

Uncomplicated pregnancy (n, %) 9 (90)

Gestational age at delivery (days) 277 (269-286)

Birthweight (gram) 3495 (3004-3986)

Small for gestational age (n, %) 0 (0)

Male gender (n, %) 6 (60)

Severe blood loss (> 2000ml) (n, %) 1 (10)

BMI=body mass index, kg=kilogram, m=meters, ml=millilitre
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Intra-rater reproducibility - Intra-class correlation coefficient
Intra-rater reproducibility of the eight used methods, quantified as the ICC with 95% 
confidence interval (CI) of the measured VI, FI and VFI, see Table 2. The intraCC for VI and 
VFI were > 0.7 in all methods, except for method 7 (ICC VI 0.54, VFI 0.67). An intraCC of > 
0.9 for VI and VFI was found in method 1, 2 and 6, whereas VFI in method 4 also showed 
excellent reproducibility (ICC = 0.96) next to method 1, 2 and 6. However, taking into account 
the 95% CI, only method 1 showed excellent intra-reproducibility for VI and VFI.

The intraCC for FI was > 0,7 in method 1, 2, 5, and 7. An intraCC of > 0.9 for FI was only found 
in method 5, however the lower limit of the confidence interval was 0.87.  Regardless of 
the used method, best median intraCC was observed for VFI (0.91, 95% CI 0.70-0.96). Median 
intraCC of VI was higher compared to median intraCC of FI (VI; 0.86, 95% CI 0.79-0.96, FI; 
0.69, 95% CI 0.56-0.83).

Inter-rater reproducibility - Inter-class correlation coefficient
Inter-rater reproducibility of the used methods was evaluated using inter-rater correlation 
coefficients (interCC) with 95% confidence interval (CI) of the measured VI, FI and VFI, see 
Table 3. InterCC was > 0.7 for VI in method 1, 2 and 3 (0.99, 0.90, 0.73), for FI in method 1, 
5, and 7 (0.78, 0.90, 0.81) and for VFI in method 1, 2 and 4 (0.99, 0.97, 0.91). InterCC > 0.9 for 
VI was found in method 1 and for VFI in method 1, 2 and 4. However, taking into account 
the 95% CI, only method 1 showed excellent inter-reproducibility for both VI and VFI. An 
interCC of 0.90 was found in method 5 for FI, however the lower limit of the confidence 
interval was 0.63. Comparing the three vascular indices regardless of the used method, 
best median interCC was observed for VFI (0.66, 95% CI 0.24-0.97). Median interCC of FI was 
higher compared to median interCC of VI (FI; 0.59, 95% CI 0.30-0.81, VI; 0.51, 95% CI 0.34-0.90). 
In addition to the interCCs, the mean difference and the 95% limits of agreement from the 
vascular indices were calculated. Highest mean differences in VI, FI and VFI were found 
in method 4, 3 and 8 respectively. Lowest mean differences in VI and VFI were found in 
method 1 (VI; 0.06 ± 1.23, VFI; -0.11 ± 0.53), whereas lowest mean difference in FI was found 
in method 7 (0.24 ± 5.09). 

Comparing the three vascular indices regardless of the used method, we found that in 
five out of the eight methods lowest mean differences and smallest limits of agreement 
were found in VFI. Method 1 showed lowest mean difference in VI and method 4 and 7 in FI. 
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Table 2. Intra-rater reproducibility expressed as intra-rater correlation coefficients.

Method Sweep Location Sonobiopsy Vascular Index Intra-CC 95% CI Intra-CC

1 WP C S VI 0.985 0.921 - 0.997

        FI 0.769 0.154 - 0.947

        VFI 0.993 0.965 – 0.999

2 WP P S VI 0.959 0.846 – 0.990

        FI 0.722 0.248 – 0.922

        VFI 0.937 0.765 – 0.984

3 WP C M VI 0.845 0.517 – 0.959

        FI 0.666 0.092 – 0.906

        VFI 0.804 0.380 - 0.948

4 WP P M VI 0.863 0.536 – 0.964

        FI 0.542 -0.478 – 0.746

        VFI 0.955 0.818 – 0.989

5 SP C S VI 0.855 0.545 – 0.961

        FI 0.966 0.872 – 0.992

        VFI 0.886 0.628 – 0.970

6 SP P S VI 0.950 0.794 – 0.990

FI 0.560 -0.169 – 0.893

VFI 0.927 0.704 – 0.985

7 SP C M VI 0.536 -0.131 – 0.862

FI 0.834 0.481 – 0.955

VFI 0.672 -0.195 – 0.853

8 SP P M VI 0.788 0.299 – 0.953

FI 0.619 0.012 – 0.906

VFI 0.699 0.097 – 0.931

WP; whole placenta, SP; segmental placenta, C; central, P; peripheral, M; manually traced, S; 
spherically traced, VI; vascularization index, FI; flow index, VFI; vascularization- flow index, CI; 
confidence interval.
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Table 3. Inter-rater reproducibility expressed as inter-rater correlation coefficients and mean 
differences.
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1 WP C S VI 0.986 0.931 - 0.997 0.064 ± 1.230 -2.347 – 2.475

FI 0.784 0.208 – 0.954 -3.010 ± 3.910 -10.674 – 4.654

VFI 0.987 0.942 – 0.997 -0.110 ± 0.530 -1.149 – 0.929

2 WP P S VI 0.896 0.658 – 0.973 -1.389 ± 4.166 -9.554 – 6.776

FI 0.624 0.079 – 0.889 -2.731 ± 7.196 -16.835 – 11.373

VFI 0.965 0.867 – 0.991 -0.481 ± 1.465 -3.352 – 2.390

3 WP C M VI 0.727 0.184 – 0.931 -0.947 ± 4.225 -9.228 – 7.334

FI 0.352 -0.182 – 0.784 -4.007 ± 5.609 -15.001 – 6.987

VFI 0.635 0.024 – 0.904 -0.566 ± 2.050 -4.584 – 3.452

4 WP P M VI 0.339 -0.296 – 0.778 -8.076 ± 23.501 -54.138 – 37.986

FI 0.557 -0.115 – 0.871 0.375 ± 7.071 -13.484 – 14.234

VFI 0.914 0.692 – 0.978 -0.883 ± 2.417 -5.620 – 3.854

5 SP C S VI 0.522 -0.113 – 0.865 -0.945 ± 2.513 -5.871 -3.981

FI 0.900 0.633 – 0.976 -0.610 ± 2.930 -6.353 – 5.133

VFI 0.295 -0.283 – 0.765 -0.428 ± 1.237 -2.852 -1.997

6 SP P S VI 0.240 -0.280 – 0.749 -4.040 ± 5.809 -15.426 – 7.346

FI 0.296 -0.435 – 0.801 -3.247 ± 9.232 -21.342 – 14.848

VFI 0.010 -0.451 – 0.617 -1.676 ± 2.652 -6.874 – 3.522

7 SP C M VI 0.497 -0.085 – 0.851 -1.622 ± 2.602 -6.722 – 3.478

FI 0.807 0.338 – 0.953 -0.239 ± 5.089 -10.213 – 9.735

VFI 0.688 -0.061 – 0.862 -0.701 ± 1.193 -3.039 – 1.637

8 SP P M VI 0.424 -0.189 – 0.839 -4.296 ± 7.142 -18.294 – 9.702

FI 0.672 0.081 – 0.922 -3.601 ± 5.805 -14.979 – 7.777

VFI 0.238 -0.338 – 0.758 -1.828 ± 3.147 -7.996 – 4.340

WP: whole placenta, PP; partial placenta, C; central, L; left, M; manually traced, S; sphericaly traced, 
VI; vascularization index, FI; flow index, VFI; vascularization flow index. 
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Table 4. Differences in central versus peripheral biopsies, spherical versus manual biopsies and 
whole placenta sweeps versus segmental placenta sweep for VI, FI, VFI.

Methods VI FI VFI 

Central versus peripheral

Lo
ca

tio
n 

of
 s

on
ob

io
ps

y 1 vs 2 3.06 (1.20-7.46) vs 
0.51 (0.23-7.01) 

31.63 (30.40-37.58) vs 
29.70 ± 8.76 

1.04 (0.39-2.38) vs 
0.16 (0.59-2.40)

3 vs 4 2.38 (0.15-4.97) vs 
0.99 (0.48-6.56) 

31.64 ± 5.81 vs 
34.37 ± 7.28

0.90 (0.20-1.53) vs 
0.27 (0.12-1.49)

5 vs 6 3.62 ± 2.83 vs 
4.44 ± 3.92 

33.18 ± 6.21 vs 
31.86 ± 5.07

1.30 ± 1.18 vs 
1.44 ± 1.31

7 vs 8 3.61 ± 2.61 vs 
5.07 ± 5.59

31.07 (29.07-42.88) vs
29.72 (27.65-39.73)

1.37 ± 1.20 vs 
0.99 (0.56-3.17)

Spherical versus manual 

So
no

bi
op

sy
 m

et
ho

d

1 vs 3 3.06 (1.20-7.46) vs 
2.38 (0.15-4.97)

31.63 (30.40-37.58) vs 
31.64 ± 5.81

1.04 (0.39-2.38) vs 
0.90 (0.20-1.53)

2 vs 4 0.51 (0.23-7.01) vs 0.99 
(0.48-6.56)

29.70 ± 8.76 vs 
34.37 ± 7.28

0.16 (0.59-2.40) vs
0.27 (0.12-1.49)

5 vs 7 3.62 ± 2.83 vs 3.61 ± 2.61 33.18 ± 6.21 vs 
31.07 (29.07-42.88)

1.30 ± 1.18 vs 
1.37 ± 1.20

6 vs 8 4.44 ± 3.92 vs 5.07 ± 5.59 31.86 ± 5.07 vs 
29.72 (27.65-39.73)

1.44 ± 1.31 vs
0.99 (0.56-3.17)

Whole placenta versus segmental placenta 

3D
 s

w
ee

p 
m

et
ho

d

1 vs 5 3.06 (1.20-7.46) vs 
3.62 ± 2.83

31.63 (30.40-37.58) vs 
33.18 ± 6.21

1.04 (0.39-2.38) vs 
1.30 ± 1.18

2 vs 6 0.51 (0.23-7.01) vs 
4.44 ± 3.92

29.70 ± 8.76 vs 
31.86 ± 5.07

0.16 (0.59-2.40) vs 
1.44 ± 1.31

3 vs 7 2.38 (0.15-4.97) vs 
3.61 ± 2.61

31.64 ± 5.81 vs 
31.07 (29.07-42.88)

0.90 (0.20-1.53) vs 
1.37 ± 1.20

4 vs 8 0.99 (0.48-6.56) vs 
5.07 ± 5.59

34.37 ± 7.28 vs 
29.72 (27.65-39.73)

0.27 (0.12-1.49) vs
0.99 (0.56-3.17)

Data are presented as median with interquartile range or as mean with standard deviation. No 
statistically significant differences are found. Data are tested using Mann Whitney U or T-test. 
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Differences between methods
The first measurements of observer JH were used to investigate the differences between 
the location, sampling and sweep methods. When comparing central sonobiopsies 
to peripheral sonobiopsies in the placental bed, no significant differences in VI were 
found in method 1 vs. (versus) 2, method 3 vs. 4, method 5 vs. 6 and method 7 vs. 8, see 
Table 4. Moreover, no differences in VI were found for spherical sonobiopsies vs. manual 
sonobiopsies in method 1 vs. 3, method 2 vs. 4, method 5 vs. 7 and method 6 vs. 8. Also, 
taking a whole placental sweep vs. a segmental placental sweep, showed no significant 
differences in VI, when comparing method 1 vs. 5, method 2 vs. 6, method 3 vs. 7 and method 
4 vs. 8. Similar trends were found for FI and VFI. Lowest mean differences in VI and FI were 
found comparing spherical to manual sonobiopsies, whereas the mean differences in VFI 
was lowest when comparing central versus peripheral located sonobiopsies, see Table 5.
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Table 5. Mean differences in central versus peripheral biopsies, spherical versus manual biopsies 
and whole placenta sweeps vs. segmental placenta sweep for VI, FI, VFI.

Methods VI FI VFI

Absolute value Mean difference 
(SD)

95% limits of 
agreement

Absolute value Mean difference 
(SD)

95% limits of 
agreement

Absolute value Mean difference 
(SD)

95% limits of 
agreement

Central versus peripheral

Lo
ca

tio
n 

of
 s

on
ob

io
ps

y 1 vs. 2 3.06 (1.20-7.46) vs.
0.51 (0.23-7.01)

-0.50 ± 5.86 -11.99- 10.99 31.63 (30.40-37.58)
vs. 29.70 ± 8.76

4.11 ± 5.16 -6.00-14.22 1.04 (0.39-2.38) vs. 
0.16 (0.59-2.40)

-0.25 ± 1.98 -4.14-3.62

3 vs. 4 2.38 (0.15-4.97) vs.
0.99 (0.48-6.56)

-0.77 ± 5.15 -10.86-9.32 31.64 ± 5.81
vs. 34.37 ± 7.28

-2.73 ± 6.36 -15.20-9.74 0.90 (0.20-1.53) vs. 
0.27 (0.12-1.49)

-0.38 ± 1.90 -4.10-3.34

5 vs. 6 3.62 ± 2.83 
vs. 4.44 ± 3.92

-0.38 ± 5.16 -10.49-9.73 33.18 ± 6.21
vs. 31.86 ± 5.07

1.81 ± 9.64 -17.08-20.70 1.30 ± 1.18
vs. 1.44 ± 1.31

0.03 ± 1.97 -3.83-3.89

7 vs. 8 3.61 ± 2.61 
vs. 5.06 ± 5.59

-1.32 ± 6.27 -13.60-10.97 31.07 (29.07-42.88)
vs. 29.72 (27.65-39.73)

2.92 ± 9.09 -14.90-20.74 1.37 ± 1.20 
vs. 0.99 (0.56-3.17)

-0.22 ± 2.35 -4.83-4.39

Spherical versus manual

So
no

bi
op

sy
 m

et
ho

d

1 vs. 3 3.06 (1.20-7.46) vs.
2.38 (0.15-4.97)

1.06 ± 3.29 -5.39-7.51 31.63 (30.40-37.58) vs.
31.64 ± 5.81

1.06 ± 3.29 -5.39-7.51 1.04 (0.39-2.38) vs.
0.90 (0.20-1.53)

0.58 ± 1.85 -3.05-4.21

2 vs. 4 0.51 (0.23-7.01) vs. 
0.99 (0.48-6.56)

0.59 ± 2.77 -4.84-6.02 29.70 ± 8.76 
vs. 34.37 ± 7.28

-4.67 ± 7.80 -19.96-10.62 0.16 (0.59-2.40) vs.
0.27 (0.12-1.49)

0.32 ± 1.36 -2.35-2.99

5 vs. 7 3.62 ± 2.83 
vs.3.61 ± 2.61

0.02 ± 2.04 -3.98-4.02 33.18 ± 6.21 
vs. 31.07 (29.07-42.88)

-1.68 ± 3.93 -9.38-6.02 1.30 ± 1.18 
vs. 1.37 ± 1.20

-0.08 ± 0.86 -1.77-1.61

6 vs. 8 4.44 ± 3.92 
vs.  5.06 ± 5.59

-0.63 ± 2.74 -6.00-4.74 31.86 ± 5.07 
vs.  29.72 (27.65-39.73)

0.20 ± 7.26 -14.03-14.43 1.44 ± 1.31 
vs. 0.99 (0.56-3.17)

-0.21 ± 1.12 -2.41-1.99

Whole placenta versus segmental placenta

3D
 s

w
ee

p 
m

et
ho

d

1 vs. 5 3.06 (1.20-7.46) vs.
3.62 ± 2.83 

2.05 ± 1.24 -0.38-4.48 31.63 (30.40-37.58) vs.
31.64 ± 5.81

1.88 ± 9.23 -16.21-19.97 1.04 (0.39-2.38) vs.
1.30 ± 1.18

0.97 ± 3.02 -4.95-6.89

2 vs. 6 0.51 (0.23-7.01) vs. 
4.44 ± 3.92

1.32 ± 8.33 -15.01-17.65 29.70 ± 8.76 
vs. 31.86 ± 5.07

-0.85 ± 9.96 -20.37-18.67 0.16 (0.59-2.40) vs.
1.44 ± 1.31

0.86 ± 3.88 -5.06-6.78

3 vs. 7 2.38 (0.15-4.97)
vs. 3.61 ± 2.61

-0.26 ± 1.20 -2.61-2.09 31.64 ± 5.81 
vs. 31.07 (29.07-42.88)

-3.22 ± 11.54 -25.84-19.40 0.90 (0.20-1.53)
vs. 1.37 ± 1.20

-0.20 ± 1.70 -3.53-3.13

4 vs. 8 0.99 (0.48-6.56)
vs. 5.06 ± 5.59

-0.01 ± 6.51 -12.77-12.75 34.37 ± 7.28
vs. 29.72 (27.65-39.73)

5.04 ± 6.70 -8.09-18.17 0.27 (0.12-1.49)
vs. 0.99 (0.56-3.17)

0.26 ± 2.61 -4.86-5.38

Data are presented as median with interquartile range or as mean with standard deviation. No 
statistically significant differences are found. Data are tested using Mann Whitney U or T-test.
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Table 5. Mean differences in central versus peripheral biopsies, spherical versus manual biopsies 
and whole placenta sweeps vs. segmental placenta sweep for VI, FI, VFI.

Methods VI FI VFI

Absolute value Mean difference 
(SD)

95% limits of 
agreement

Absolute value Mean difference 
(SD)

95% limits of 
agreement

Absolute value Mean difference 
(SD)

95% limits of 
agreement

Central versus peripheral

Lo
ca

tio
n 

of
 s

on
ob

io
ps

y 1 vs. 2 3.06 (1.20-7.46) vs.
0.51 (0.23-7.01)

-0.50 ± 5.86 -11.99- 10.99 31.63 (30.40-37.58)
vs. 29.70 ± 8.76

4.11 ± 5.16 -6.00-14.22 1.04 (0.39-2.38) vs. 
0.16 (0.59-2.40)

-0.25 ± 1.98 -4.14-3.62

3 vs. 4 2.38 (0.15-4.97) vs.
0.99 (0.48-6.56)

-0.77 ± 5.15 -10.86-9.32 31.64 ± 5.81
vs. 34.37 ± 7.28

-2.73 ± 6.36 -15.20-9.74 0.90 (0.20-1.53) vs. 
0.27 (0.12-1.49)

-0.38 ± 1.90 -4.10-3.34

5 vs. 6 3.62 ± 2.83 
vs. 4.44 ± 3.92

-0.38 ± 5.16 -10.49-9.73 33.18 ± 6.21
vs. 31.86 ± 5.07

1.81 ± 9.64 -17.08-20.70 1.30 ± 1.18
vs. 1.44 ± 1.31

0.03 ± 1.97 -3.83-3.89

7 vs. 8 3.61 ± 2.61 
vs. 5.06 ± 5.59

-1.32 ± 6.27 -13.60-10.97 31.07 (29.07-42.88)
vs. 29.72 (27.65-39.73)

2.92 ± 9.09 -14.90-20.74 1.37 ± 1.20 
vs. 0.99 (0.56-3.17)

-0.22 ± 2.35 -4.83-4.39

Spherical versus manual

So
no

bi
op

sy
 m

et
ho

d

1 vs. 3 3.06 (1.20-7.46) vs.
2.38 (0.15-4.97)

1.06 ± 3.29 -5.39-7.51 31.63 (30.40-37.58) vs.
31.64 ± 5.81

1.06 ± 3.29 -5.39-7.51 1.04 (0.39-2.38) vs.
0.90 (0.20-1.53)

0.58 ± 1.85 -3.05-4.21

2 vs. 4 0.51 (0.23-7.01) vs. 
0.99 (0.48-6.56)

0.59 ± 2.77 -4.84-6.02 29.70 ± 8.76 
vs. 34.37 ± 7.28

-4.67 ± 7.80 -19.96-10.62 0.16 (0.59-2.40) vs.
0.27 (0.12-1.49)

0.32 ± 1.36 -2.35-2.99

5 vs. 7 3.62 ± 2.83 
vs.3.61 ± 2.61

0.02 ± 2.04 -3.98-4.02 33.18 ± 6.21 
vs. 31.07 (29.07-42.88)

-1.68 ± 3.93 -9.38-6.02 1.30 ± 1.18 
vs. 1.37 ± 1.20

-0.08 ± 0.86 -1.77-1.61

6 vs. 8 4.44 ± 3.92 
vs.  5.06 ± 5.59

-0.63 ± 2.74 -6.00-4.74 31.86 ± 5.07 
vs.  29.72 (27.65-39.73)

0.20 ± 7.26 -14.03-14.43 1.44 ± 1.31 
vs. 0.99 (0.56-3.17)

-0.21 ± 1.12 -2.41-1.99

Whole placenta versus segmental placenta

3D
 s

w
ee

p 
m

et
ho

d

1 vs. 5 3.06 (1.20-7.46) vs.
3.62 ± 2.83 

2.05 ± 1.24 -0.38-4.48 31.63 (30.40-37.58) vs.
31.64 ± 5.81

1.88 ± 9.23 -16.21-19.97 1.04 (0.39-2.38) vs.
1.30 ± 1.18

0.97 ± 3.02 -4.95-6.89

2 vs. 6 0.51 (0.23-7.01) vs. 
4.44 ± 3.92

1.32 ± 8.33 -15.01-17.65 29.70 ± 8.76 
vs. 31.86 ± 5.07

-0.85 ± 9.96 -20.37-18.67 0.16 (0.59-2.40) vs.
1.44 ± 1.31

0.86 ± 3.88 -5.06-6.78

3 vs. 7 2.38 (0.15-4.97)
vs. 3.61 ± 2.61

-0.26 ± 1.20 -2.61-2.09 31.64 ± 5.81 
vs. 31.07 (29.07-42.88)

-3.22 ± 11.54 -25.84-19.40 0.90 (0.20-1.53)
vs. 1.37 ± 1.20

-0.20 ± 1.70 -3.53-3.13

4 vs. 8 0.99 (0.48-6.56)
vs. 5.06 ± 5.59

-0.01 ± 6.51 -12.77-12.75 34.37 ± 7.28
vs. 29.72 (27.65-39.73)

5.04 ± 6.70 -8.09-18.17 0.27 (0.12-1.49)
vs. 0.99 (0.56-3.17)

0.26 ± 2.61 -4.86-5.38

Data are presented as median with interquartile range or as mean with standard deviation. No 
statistically significant differences are found. Data are tested using Mann Whitney U or T-test.
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DISCUSSION

As far as we know, this is the first study to report on the most reproducible 3DPD method to 
measure placental vascularization at 16 weeks of gestation and that addresses the possible 
influence of the sonobiopsy location within the placenta. VI and VFI showed best intra- and 
inter reproducibility using a spherical centrally placed sonobiopsy in a whole placenta sweep 
(method 1). Furthermore, no significant influences were found of the location, sampling and 
sweep methods on the reproducibility of measurementas.

Since the introduction of 3DPD ultrasound, a new era in measuring vascularization within 
the field of gynecology and obstetrics has begun. Using this non-invasive quantification 
technique, a virtually reconstructed vascular tree within a volume of interest can be assessed 
and the vascularization can be determined by the calculation of vascular indices (19). Previous 
investigators have demonstrated that the use of 3DPD indices show good correlation with 
real blood flow, vessel number and erythrocyte density in experimental animal models 
and computer-driven flow phantom models (20, 21). Although 3DPD has been studied in 
measuring placental perfusion in both healthy and pathological pregnancies, it is challenging 
to encapsulate and interpret the available data on 3DPD methods and to implement it in the 
clinic without using a standardized protocol.

This study addresses eight different combinations of a specific placental sweep and sonobiopsy 
method at 16 weeks of gestation. Previous studies investigated placental perfusion at different 
gestational ages, ranging from 12 to 35 weeks of gestation, resulting in a wide variance of 
3DPD VI, FI and VFI data. Performing a 3DPD placental sweep too early (<12 weeks of gestation) 
could give an underestimation of the vascularization because of still incomplete adaptation 
of the utero placental circulation (22), whereas measuring during later gestational age could 
give difficulties in performing the measurements due to the growing placenta and fetus. If, in 
future, 3DPD is used as a screening tool for development of clinical placental syndromes, the 
beginning of the second trimester would be an optimal time to affect clinical decision making.

This study concludes that using a spherical centrally placed sonobiopsy in a whole 
placenta sweep is the best reproducible method. Previous studies have examined placental 
vascularization by obtaining a sweep of the whole placenta and selecting all the placental 
tissue as volume of interest (11, 23, 24), whereas others selected specific areas of interest in the 
placenta by the use of a partial sweep or a sonobiopsy in a specific part of the placenta (13). 
Selecting all the visible placental tissue could be challenging during later gestation given the 
difficulty of capturing the whole placenta (25). Pomorski et al. found that this was impossible 
in 1 in 3 patients with a gestational age between 30 and 35 weeks and even 2 in 3 patients with 
a gestational age between 36 and 40 weeks (15). Since the evaluation of the entire placenta 
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was challenging during later gestation, researchers started to use a sonobiopsy method to 
measure placental vascularization (16, 17, 26). Subsequently, Tuuli et al. confirmed that placental 
sonobiopsy vascular indices have a good correlation with those from evaluation of the entire 
placenta (27). Therefore, this research did not included 3DPD methods that manually trace 
the entire placenta. 

Given the previously published studies showing differences between centrally located 
and peripherally located spiral arteries and the physiology of spiral artery remodeling, we 
investigated these potential differences by comparing different methods (3, 5) (28). Comparing 
3D indices in the central parts of the placenta to the peripheral parts, we found no significant 
differences, suggesting the vascularization is equally allocated throughout the placental 
bed. However, the observed non-significance could also be explained by a type 2 error (i.e. a 
false-negative finding), given the small sample size and hence, low statistical power. Another 
explanation for the non-significance could be that at 16 weeks of gestation trophoblastic 
remodeling of spiral arteries from the central part to the peripheral parts is still occurring 
and differences in intensity are too small to be significant (29). Sonobiopsy methods were also 
analyzed and no significant differences in VI, FI or VFI were found when comparing spherical 
sonobiopsies to manual biopsies. In the manually traced biopsies, the observers were able 
to subjectively exclude artifacts in the volume, however this did not result into observed 
differences. Moreover, no significant differences were found in using a whole placenta sweep 
compared to a partial placental sweep. This could be explained by the fact that the actual 
location of the sonobiopsy, regardless of sweep-method, is more or less the same. 

In this study, FI showed the lowest intra- and inter-reproducibility compared to VI and VFI 
indices. It has been stated before that the FI may be a less reliable measure (30, 31). Most 
examiners believe that the FI is representing blood flow at a given time-point that is calculated 
out of the intensity of the colored voxels in the given volume. Yet, Raine-Fenning et al. observed 
that a greater distance between the transducer and the ‘furthest’ vessel decreased signal 
intensity and could thereby influence the PD signal, making it assumable that a higher BMI of 
the mother or fetal movements can have an influence on the FI-results (21). Furthermore, the 
phase of cardiac cycle, and thus maternal heartrate, influences the measured amplitude in any 
portion of the resulting 3D volume, as constituent frames may vary from systole to diastole 
(32). The variation in intensity of the PD signal throughout the cardiac cycle may be addressed 
through the use of Spatiotemporal image correlation (STIC). Using this promising technique, it 
creates multiple volumes representative of different moment of the cardiac cycle and thereby 
circumvents the inherent systematic errors of 3DPD indices (28). Moreover, Inubashiri et al. 
highlighted the possible usefulness of STIC to evaluate spiral artery jets (33). Although it might 
be a tool that can improve the repeatability of VOCAL, future studies need to be executed to 
confirm the clinical applicability given the time-consuming process (28). 
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Limitations of this study include that our study population was a moderate to high-
risk population, possibly influencing the measurements. Second, we did not take into 
consideration the reproducibility of the ultrasound scan itself, since the research question 
of this article focused on the offline 3DPD analysis, but these data could also provide 
promising insights. Third, the study has modest statistical power for hypothesis testing. 
As small group size increases the type-II error probability, precaution should be taken 
when interpreting the obtained p-values (34). However, there is upcoming criticism that 
the use of statistical significance in a dichotomous way is misleading and blurring nuance. 
The interpretation of the size and precision of results may reflect much more detail and 
is currently given increasing priority than interpretation of p-values dichotomized into 
significant and not significant (35, 36). In addition, the aim of this study was to determine 
the validity and reproducibility of 3DPD methods assessing placental perfusion and not 
to investigate the differences between methods. 

It is of utmost importance that a standardized protocol on how to measure 3D placental 
vascularization will be used to minimize measurement errors and to improve reproducibility 
(37). Based on our results, the highest intra- and inter-observer reproducibility was 
observed in method 1, using a whole placental sweep volume and spherical sonobiopsy 
of 2 cm3. 
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NEDERLANDSE SAMENVATTING

Een afwijkende placentafunctie, ook wel placentaire insufficiëntie genoemd, is geassocieerd 
met het optreden van zwangerschapscomplicaties en slechte uitkomsten voor het kind. 
Placenta karakteristieken kunnen middels echografie non-invasief worden beoordeeld 
en kunnen bijdragen aan een vroege detectie van foetale bedreiging, waarmee passende 
surveillance de risico’s mogelijk kan reduceren. Dit onderzoek laat zien dat de beoordeling 
van en de kennis over placenta lakes en calcificaties beperkt is. De mate waarin de placenta 
echografisch wordt onderzocht lijkt af te hangen van de tijd die er voor beschikbaar is, 
de klinische relevantie die eraan men eraan geeft en de professionele achtergrond van 
degene die de echo maakt. De beoordeling van en de kennis over placenta lakes en 
calcificaties lijkt beperkt en zou vergroot kunnen worden middels extra trainingen of door 
het gebruik van een placenta checklist. 
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ENGLISH SUMMARY

Abnormal placental function, also known as placental insufficiency, is associated with 
adverse pregnancy and neonatal outcomes. Placental characteristics can be assessed 
non-invasively using ultrasonography and could provide information on fetal risks in 
an early stage of pregnancy. This study concludes that the placenta is not frequently 
assessed during a regular ultrasound scan. Available scanning time, clinical relevance of 
the observed placental findings and profession of the investigator are determinants that 
may have an influence on the examination of the placenta. Knowledge on (the presence of) 
placental lakes and – calcifications is limited and extra training or the use of a structured 
placenta checklist may increase the awareness to assess the placenta in a correct way. 
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ACHTERGRONDINFORMATIE

Tijdens de zwangerschap vervult de placenta een 9-maanden-durende cruciale rol in de 
fysiologische ontwikkeling en groei van de foetus (1, 2). Na gedane arbeid wordt de placenta 
doorgaans, na marginale inspectie, weggegooid. Toch verdient dit bijzondere orgaan, met 
voor humane begrippen een extreem korte levensduur, meer aandacht. 

De placenta ontstaat wanneer de blastocyst aan het endometrium hecht; de buitenste laag 
van de blastocyst (synctiotrofoblast) komt in verbinding te staan met de endometriumklieren 
en de maternale bloedvaten waardoor er lacunaire netwerken ontstaan (3). Deze netwerken 
zijn zuurstofarme voorstadia van de intervilleuze ruimte. Vanaf 10 weken zwangerschap 
ontstaat een open connectie tussen moeder en placenta, waardoor een continue 
uitwisseling van zuurstof, voedingsstoffen en afvalstoffen plaatsvindt (2). De placenta is 
echografisch te zien als een echogene rand die de vruchtzak volledig omgeeft (3). In 
de weken daaropvolgend wordt de placenta zichtbaar als een maanvormig, echodens 
orgaan welke zich aan de anterieure, posterieure of laterale zijde van de uterus bevindt. 
Vanaf 15 weken zwangerschap is ook de retro-placentaire, echolucente zone tussen de 
decidua en het myometrium zichtbaar (3). Behoudens de leidraad voor gecertificeerde 
echoscopisten tijdens de 20-weken echo, is er geen advies of richtlijn ten aanzien van 
placenta beoordeling tijdens een reguliere echo in de zwangerschap (4). Het is dan ook 
niet opmerkelijk dat dit ‘wegwerporgaan’ in de praktijk relatief weinig aandacht krijgt (1). 

De essentiële rol van de placenta wordt met name benadrukt op het moment dat er 
sprake is van placentaire insufficiëntie en er complicaties als pre-eclampsie en/of 
groeivertraging optreden. Het antepartum monitoren van de placentaire functie door 
middel van echografie zou kunnen bijdragen aan vroege detectie van groeiende foetale 
en maternale bedreiging, waarmee passende surveillance de risico’s voor zowel moeder 
als kind mogelijk kan reduceren (5-8). Om deze reden was het doel van dit onderzoek 
inzicht te krijgen in de huidige mate van 1) placenta beoordeling en 2) kennis van placenta 
bevindingen tijdens reguliere echografische onderzoeken. 
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METHODEN

Studie populatie
Deze studie werd goedgekeurd door de Medisch Ethische Toetsingscommissie van het 
MUMC+ (METC 15-4-026). De enquête werd ingevuld door gynaecologen, echoscopisten, 
klinisch verloskundigen, arts-assistenten (niet) in opleiding die werkzaam waren in 
opleidingsklinieken in zuid-oost Nederland (Maastricht Universitair Medisch Centrum 
(MUMC+), Zuyderland Medisch Centrum Heerlen/Sittard en het Máxima Medisch 
Centrum Veldhoven (MMC)). De vragenlijst werd 2 maal verstuurd, de eerste keer in 
maart 2018 (42 participanten) en de tweede keer in februari 2020 (20 participanten). 
De participanten beheersten allen de Nederlandse taal en namen vrijwillig deel aan 
de studie. Enquêtes die voor <10% waren ingevuld werden geëxcludeerd. Omdat 
niet iedereen de enquête volledig had ingevuld, werden de antwoorden per vraag 
geanalyseerd. 

Enquête 
Voor deze studie werd een enquête van 36 vragen opgesteld met behulp van Qualtrics 
online software (Qualtrics Labs Inc., Provo, UT). Een link naar deze enquête werd 
via e-mail verspreid. Het invullen van de enquête gebeurde geheel anoniem, duurde 
ongeveer 5 minuten en diende in één keer voltooid te worden. De enquête startte met 
vier algemene vragen betreffende professionele achtergrond, het ziekenhuis waarin 
werkzaam, het gemiddeld aantal obstetrische echo’s per week gemaakt en het aantal 
jaar professionele ervaring. Vervolgens werden er vragen gesteld om 1) inzicht te 
krijgen in de huidige (subjectieve) mate van placenta beoordeling door verschillende 
professionals en 2) inzicht te krijgen in de huidige (objectieve) mate van kennis van 
placenta bevindingen tijdens reguliere echografische onderzoeken. 

Om inzicht te krijgen in hoeverre participanten de locatie, dikte, vorm, navelstreng 
insertie, aanwezigheid van placenta lakes en calcificaties beoordeelden tijdens 
een reguliere echo, werd een vijfpunt-schaal gebruikt (nooit-bijna nooit-soms-
regelmatig-altijd). De locatie van de placenta werd beschreven als de aanhechting 
van de placenta aan de uteruswand, te weten aan de anterieure, posterieure 
of laterale zijde van de uterus. De dikte van de placenta werd beschreven als het 
aantal millimeter placentaweefsel, gemeten in een transversaal vlak, ter hoogte van 
de navelstrenginsertie. De navelstrenginsertie was de plaats waar de navelstreng 
aanhecht aan de placenta en werd beschreven als centraal, paracentraal, marginaal of 
velamenteus. De vorm van de placenta werd beschreven als het aantal placenta lobben 
en de hechting van de vliezen aan de placenta. Placenta lakes werden beschreven als 
homogene, sonolucente, avilleuze vasculaire ruimtes (9). Placenta calcificaties werden 
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beschreven als echogene foci in de placenta, die volgens de Grannum gradering 
beoordeeld kunnen worden (graad 0-3) en vaak voorkomen tijdens het einde van de 
zwangerschap (7). In de analyse werd de gemiddelde placenta beoordelingsscore per 
onderdeel (dikte, locatie, calcificaties etc.) benoemd en de algemene placenta score; 
de gemiddelde score van alle onderdelen samen.

Als laatst werden 3 normale en afwijkende placenta echobeelden met stellingen 
(eens/onzeker/oneens) en bijbehorende vragen gepresenteerd, om objectief de kennis 
betreffende normale en afwijkende echografische placenta bevindingen te onderzoeken 
(Tabel 1, Afbeelding 1-3). 

Statistische analyse
Gegevens werden gedownload van Qualtrics, geïmporteerd in Excel en gecodeerd 
naar numerieke waarden. Het Excel bestand werd vervolgens geïmporteerd in IBM 
SPSS Statistics 26.0 voor analyse. De vijfpunt-schalen zijn voor de analyse als continu 
beschouwd, waarna ze beschreven zijn als gemiddelde en standaarddeviatie, aantallen 
en percentages (10). Verschillen tussen groepen werden getoetst met de Kruskall Wallis 
test en de Mann-Whitney U test. Een p-waarde ≤0.05 werd als statistisch significant 
beschouwd. 
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Tabel 1. Volledig overzicht vragen in de enquête

1. Heeft u deze vragenlijst al eerder ingevuld?

2. Wat is uw beroep?

3. In welk ziekenhuis bent u werkzaam?

4. Wat is het aantal jaar dat u ervaring heeft met het maken van obstetrische echo’s?

5. Wat is het geschatte aantal obstetrische echo’s dat u gemiddeld per week maakt?

Stellingen 

6. Ik beoordeel de locatie van de placenta ten opzichte van de cervix tijdens het maken van 
reguliere echo’s

7. Ik beoordeel de structuur van de placenta tijdens het maken van reguliere echo’s (met 
structuur wordt bedoeld: echodensiteit)

8. Ik beoordeel de vorm van de placenta tijdens het maken van reguliere echo’s (met vorm 
wordt bedoeld: aantal lobben en hechting van de vliezen aan de placenta).

9. Ik beoordeel de insertie van de navelstreng in de placenta tijdens het maken van reguliere 
echo’s

10. Ik beoordeel de dikte van de placenta tijdens het maken van reguliere echo’s

11. Ik weet wat placental lakes zijn

12. Ik beoordeel de placenta op aanwezigheid van placental lakes tijdens het maken van 
reguliere echo’s

13. Ik weet wat het Grannum gradiëring-systeem voor placenta-calcificaties is

14. Ik beoordeel de placenta op aanwezigheid van calcificaties

15. Ik noteer de locatie van de placenta ten opzichte van de cervix tijdens het maken van 
reguliere echo’s

16. A. Behoudens de locatie van de placenta noteer in andere bevindingen van de placenta 
tijdens het maken van reguliere echo’s
B. Bij oneens: Wat is de reden dat u het hier niet (volledig) mee eens bent?

17. Een afwijkende structuur van de placenta neem ik mee in het vormen van mijn diagnose 
en/of beleid

18. Afwijkende echografische bevindingen van de placenta kunnen een predictie vormen voor 
het ontwikkelen van zwangerschapscomplicaties

19. Het zien van structurele afwijkingen van de placenta zou duidelijk moeten worden 
genoteerd in het systeem

20. Ik zou een training willen krijgen in het beoordelen van de placenta middels echografie

21. Bij vasculaire zwangerschapscomplicaties zijn structurele afwijkingen te zien middels 
echografie in de placenta

22. De placenta zou meer aandacht moeten krijgen tijdens een reguliere echo

23. Tijd is een belangrijke factor in het al dan niet echografisch beoordelen van de placenta
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Tabel 1. Continued

24. A. Ik vind het belangrijk dat het placenta-uiterlijk beoordeeld wordt tijdens het maken van 
reguliere echo’s
B. Bij oneens: Wat is de reden dat u het hier niet (volledig) mee eens bent?

Echografische afbeelding * zie afbeelding 1

25. A. Deze placenta is naar mijn mening afwijkend
B. Bij onzeker: Wat is de reden dat u ‘onzeker’ heeft ingevuld?

26. A. Op deze opname zijn calcificaties te zien
B. Als ‘Ja’ is ingevuld: De mate van calcificaties die gezien wordt komt overeen met Grannum: 
Graad I, Graad II, Graad III, Onzeker

27. A. Op deze opname zijn ‘placental lakes’ te zien
B. Als ‘Ja’ is ingevuld: Het type ‘placental lake’ dat hier gezien is, betreft een: 
Intraparenchymale lake, Subchorionale lake, Echogenic cystic lesion, Onzeker

28. Stel: Het gaat hier om een G1P0, AD 40+3 weken ‘serotiniteitscontrole’. Maakt het zien 
van deze placenta dat u meer neigt een kant op te counselen ten aanzien van afwachten 
versus inleiden?

29. Stel het gaat hier om een gezonde G1P0, AD 32+0 weken. Maakt het zien van deze placenta 
dat u meer neigt een kant op te counselen ten aanzien van afwachten versus intensievere 
controles?

Echografische afbeelding *zie afbeelding 2

30. A. Deze placenta is naar mijn mening afwijkend
B. Bij onzeker: Wat is de reden dat u ‘onzeker’ heeft ingevuld?

31. A. Op deze opname zijn calcificaties te zien
B. Als ‘Ja’ is ingevuld: De mate van calcificaties die gezien wordt komt overeen met Grannum: 
Graad I, Graad III, Graad III, Onzeker

32. A. Op deze opname zijn ‘placental lakes’ te zien
B. Als ‘Ja’ is ingevuld: Het type ‘placental lake’ dat hier gezien is, betreft een: 
Intraparenchymale lake, Subchorionale lake, Echogenic cystic lesion, Onzeker

Echografische afbeelding * zie afbeelding 3

33. A. Deze placenta is naar mijn mening afwijkend
B. Bij onzeker: Wat is de reden dat u ‘onzeker’ heeft ingevuld?

34. A. Op deze opname zijn calcificaties te zien
B. Als ‘Ja’ is ingevuld: De mate van calcificaties die gezien wordt komt overeen met Grannum: 
Graad I, Graad II, Graad III, Onzeker

35. A. Op deze opname zijn ‘placental lakes’ te zien
B. Als ‘Ja’ is ingevuld: Het type ‘placenal lake’ dat hier gezien is, betreft een: 
Intraparenchymale lake, Subchorionale lake, Echogenic cystic lesion, Onzeker

36. Stel: Het gaat hier om een G1P0, 28+5 weken, met oplopende tensies en hoofdpijnklachten. 
Je ziet bovenstaande placenta beeld middels echografie. Welke factor draagt het meest bij 
aan het inzetten van verdere diagnostiek bij deze patiënt?
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Afbeelding 1 (Boven). Afwijkend placenta echobeeld; grannum graad III en intraparenchymale 
placenta lakes. Afbeelding 2 (Midden). Echobeeld zonder afwijkingen, Grannum graad I. Afbeelding 
3 (Onder). Afwijkend placenta echobeeld; grannum graad III en echogenic cystic lesion.
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RESULTATEN

In totaal vulden 69 participanten de enquête in, waarvan 60 participanten (87%) alle vragen 
beantwoorden en 2 participanten (3%) niet. Er werden 7 deelnemers (10%) geëxcludeerd 
omdat zij de enquête ≤10% hadden voltooid. In totaal vulden 9 participanten (15%) de 
vragenlijst twee keer in. 

Placenta beoordeling
De locatie van de placenta werd regelmatig beoordeeld tijdens een reguliere echo 
(gemiddelde score: 4.0 ± 1.2). Soms werd de aanwezigheid van placenta lakes en calcificaties 
bekeken (respectievelijk 3.4 ± 1.3 en 2.9 ± 1.3). De placenta dikte, vorm en navelstrenginsertie 
werden bijna nooit beoordeeld door de deelnemers (respectievelijk 2.3 ± 1.2, 2.2 ± 1.3 en 2.1 
± 1.2). De gemiddelde algemene placenta score van alle deelnemers was 2.8 ± 0.9.

Beroep
Bijna de helft van de respondenten waren AIOS (n=29, 47%), gevolgd door gynaecologen 
(n=9, 15 %), verloskundigen (n=9, 15%), ANIOS (n=8, 13%) en echoscopisten (n=7, 11%). In 
totaal was 82% werkzaam in het MUMC+, 8% in het Zuyderland, 3% in het MMC en van 7% 
was onbekend in welk ziekenhuis zij werkzaam waren. De algemene placenta score werd 
per professionele achtergrond berekend; de echoscopisten beoordeelden de placenta 
het meest compleet, met een gemiddelde placenta score van 4.1 ± 0.9, gevolgd door de 
gynaecologen (3.4 ± 0.9), de verloskundigen (2.5 ± 1.0), de ANIOS (2.5 ± 0.7) en tot slot de 
AIOS (2.5 ± 0.6), zie Tabel 2. 

Het gemiddeld aantal echo’s per week was het hoogst voor de echoscopisten (24 ± 9), 
gevolgd door de AIOS (11 ± 8), de ANIOS (11 ± 7), de gynaecologen (10 ± 9) en de verloskundigen 
(7 ± 3).

Klinische relevantie 
In totaal gaf 61% (n=34) van de participanten aan dat ze het beoordelen van de placenta 
klinisch relevant vonden, 28% (n=16) was hierin neutraal en 11% (n=6) was het oneens 
met deze stelling. Ongeveer de helft van de participanten (n=27, 48%) gaf aan dat zij 
het belangrijk vinden om de placenta te beoordelen, 38% (n=21) was hierin neutraal en 
14% (n=8) was het oneens met deze stelling. De algemene placenta score liet een trend 
zien tussen de participanten die het eens waren met de stelling en de participanten die 
neutraal of oneens stemden (3.1 ± 1.0, 2.8 ± 0.9, 2.1 ± 0.9 respectievelijk, p=0.064) 
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Tabel 2. Algemene placenta score per beroep

Beroep Aantal participanten (n) Algemene placenta beoordeling (± SD)

AIOS 29 2.5 ± 0.6

Verloskundige 9 2.5 ± 1.0

ANIOS 8 2.5 ± 0.7

Gynaecoloog 9 3.4 ± 0.9

Echoscopist 7 4.1 ± 0.9

Tijd
Meer dan de helft (n=29, 59%) van de participanten gaf aan dat tijd een belangrijke factor is 
in het al dan niet (compleet) echografisch beoordelen van de placenta, 18% (n=9) stemde 
neutraal en 23% (n=11) vond tijd geen belangrijke factor. De algemene placenta score 
liet een trend zien tussen de participanten die het eens waren met de stelling en de 
participanten die neutraal of oneens stemden (3.1 ± 0.9, 2.6 ± 1.1, 2.5 ± 1.0 respectievelijk, 
p=0.066). 

Casuïstiek
Twee van de drie casus (casus 1 en 3) toonde afwijkende placenta echobeelden. Bij casus 
1 gaf 39% van de respondenten (n=22) aan deze afwijkend te beoordelen, bij casus 3 gaf 
80% (n=43) dit aan. Casus 2 werd door 56% (n=30) geduid als niet afwijkend. Op alle drie 
de echo’s waren calcificaties zichtbaar, echter in verschillende graderingen. Op echobeeld 
1 herkenden 93% (n=52) van de participanten de calcificaties, op echobeeld 2 15% (n=8) 
en op echobeeld 3 68% (n=37). 

Van de respondenten die aangaven dat er calcificaties te zien waren, was 12% (n=6) in staat 
om bij casus 1 het Grannum-stadium te benoemen, 25% (n=2) kon dit bij casus 2 en geen 
enkele participant kon dit bij echobeeld 3 (n=37). 

Placenta lakes waren aanwezig in casus 1 en 2. Bij casus 1 herkenden 63% (n=35) de placenta 
lakes, 93% (n=50) zag dit bij casus 3. Bij casus 2, die geen placenta lakes bevatte, gaf iets 
meer dan de helft (56%, n=30) dit ook aan. Van de participanten die de aanwezigheid van 
placenta lakes herkenden, was 14% (n=5) in staat om het type placenta lake bij casus 1 te 
benoemen. Bij casus 3 kon 4% (n=2) het type placenta lake benoemen.
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Training
In totaal gaf 88% (n=49) van de participanten aan dat zij behoefte hebben aan een extra 
training in het beoordelen van de placenta middels echografie, 9% (n=5) was hier neutraal 
in en 4% (n=2) had hier geen behoefte aan. Het merendeel van de participanten die het 
eens waren met de stelling werd vertegenwoordigd door AIOS (49%) en alle echoscopisten 
die de enquête invulden waren het eens met deze stelling. Er zat geen verschil in algemene 
placenta beoordeling tussen de participanten die het eens en oneens waren met deze 
stelling (p=0.343).
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DISCUSSIE

Eigenschappen van normale placenta ontwikkeling kunnen door middel van echografie 
non-invasief worden beoordeeld en gecontroleerd gedurende de zwangerschap. Een 
afwijkende placenta functie, ook wel placentaire insufficiëntie genoemd, is geassocieerd 
met het optreden van zwangerschapscomplicaties en slechte uitkomsten voor het kind 
(6-8, 11). Uit onze studie blijkt dat tijdens een reguliere obstetrische echo de placenta 
niet vaak wordt beoordeeld en dat de kennis over placenta lakes en calcificaties 
beperkt is.

In de jaren ‘60 was de locatie van de placenta een van de eerste vraagstukken binnen de 
obstetrie waarvoor echografie gebruikt werd (12). In onze enquête gaven de participanten 
aan de locatie van de placenta regelmatig te beoordelen. Gezien de klinische relevantie 
van een placenta previa, waarmee een vaginale partus is uitgesloten, zijn de meeste 
clinici alert op een placenta dichtbij of over het interne ostium. Indien er geen sprake 
is van een placenta previa, lijkt de exacte locatie (anterior, posterior of lateraal) over 
het algemeen niet als klinisch relevant beschouwd te worden, hoewel dit bij een sectio 
wel degelijk van belang kan zijn (1). Placenta dikte, insertie van de navelstreng en de 
placentaire vorm werden het minst beoordeeld door de participanten in deze studie. 
Eerdere studies concludeerden dat placenta dikte niet als diagnostisch middel gebruikt 
kan worden voor het aantonen van specifieke aandoeningen, maar dat een placentadikte 
van > 4 cm geassocieerd kan zijn met een hydrops foetalis, maternale diabetes -mellitus 
of -gravidarum, risico op abruptio placenta (OR 2.9, 95% CI 1.1-8.1), neonatale intensive care 
opname (OR 4.6, 95% CI 3.1-6.9), lage Apgar scores (OR 6.7, 95% CI 4.0-11.3) en perinatale 
mortaliteit (OR 13.1, 95% CI 8.3-20.8) (13-15). Het beoordelen van de navelstrenginsertie 
is van belang ter uitsluiting van een velamenteuze insertie, waarbij de foetale vaten 
onbeschermd door de membranen lopen alvorens zij de placenta bereiken en er een 
hoog risico op foetale mortaliteit is indien deze vaten scheuren. Ook het beoordelen 
van de placenta vorm zou kunnen bijdragen aan vroege detectie van foetale bedreiging, 
waarmee passende surveillance de risico’s mogelijk kan reduceren. Een vaak voorkomend 
type van abnormale placenta vorm is placenta circumvallata, waarin de randen van de 
placenta “opgerold” lijken in de sagittale doorsnede, of een echodense “band” boven 
de placenta lijken te vormen in de dwarse doorsnede. Placenta circumvallata is meestal 
zonder klinische consequenties, hoewel het volgens sommige studies geassocieerd kan 
zijn met abruptio placenta en een verhoogde foetale morbiditeit en mortaliteit (3). Het is 
van belang onderscheid te maken tussen een placenta circumvallata en andere soorten 
van afwijkende placenta vorm, e.g. placenta circummarginalis, aangezien deze laatste 
bevinding minder klinisch relevant is (1). 
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Uit onze resultaten blijkt er een verband te zijn tussen de mate van placenta beoordeling 
en de professionele functie, het aantal jaren ervaring, het aantal obstetrische echo’s per 
week en het klinisch belang dat men hecht aan placenta beoordeling. De echoscopisten 
scoorden significant hoger op de algemene placenta beoordeling in vergelijking met 
de andere groepen, terwijl de klinisch verloskundigen significant lager scoorden ten 
opzichte van de anderen. Meer exposure aan echografische placenta afwijkingen en 
expertise met de mogelijke gevolgen van geassocieerde complicaties, zou kunnen 
leiden tot een verhoging van de klinische relevantie die de participant geeft aan het 
beoordelen van de placenta.

Ondanks dat er talloze wetenschappelijke studies gepubliceerd zijn die de klinische 
gevolgen van placentaire afwijkingen voor zowel moeder als kind beschrijven, gaf maar 
iets meer dan de helft van de participanten aan dat ze het beoordelen van de placenta 
klinische relevant vinden. Een tweetal placentaire afwijkingen is veelbesproken in de 
literatuur en relatief makkelijk te beoordelen; de aanwezigheid van placenta lakes 
en calcificaties. Hills et al. toonde reeds in 1984 aan dat placenta calcificaties een 
maat zijn voor placenta maturatie en dat de aanwezigheid van overtollige calcificaties 
geassocieerd was met intra-uteriene groeivertraging (16). Een meer recente review 
en meta-analyse van Mirza et al. concludeerde dat de aanwezigheid van Grannum III 
calcificaties relateren aan een hogere kans op meconium houdend vruchtwater (OR 
1.68 95% CI 1.17-2.39), een laag geboortegewicht (OR 1.63, 95% CI 1.19-2.22) en perinatale 
sterfte (OR 7.41 95% CI 4.94-11.09) en in de praktijk een vijfvoudig hoger risico gaf op 
inleiding van de baring (11). Omdat het ‘verkalken’ van de placenta een fysiologisch 
proces is dat zich voordoet in het derde trimester, is het van belang om de vastgestelde 
Grannum gradiëring te corrigeren voor de zwangerschapsduur op dat moment (17). 
Het lijkt dat men met name de placenta calcificaties herkend indien er echodense 
tussenschotten tussen de cotelydonen zichtbaar waren (= Grannum III), maar meer 
dan driekwart van de participanten was niet in staat om het Grannum-stadium te 
benoemen. 

De klinische relevantie van placenta lakes staat nog altijd ter discussie. Tevens is er 
een brede variatie in prevalentie van placenta lakes, ook wel ‘placenta hypoechogenic 
lesions’ genoemd, mogelijk als gevolg van verschillende definities en hoog-risico 
populaties in eerder onderzoek. Cooley et al. vond dat in een laag risico populatie de 
aanwezigheid van placenta lakes tijdens het eerste trimester geassocieerd was met 
vaginaal bloedverlies (22.4% t.o.v. 12.5% bij vrouwen die geen placental lakes hadden) 
(18). De aanwezigheid van een groot lake (afkappunten tussen de 2-5 centimeter) 
is geassocieerd met groeivertraging (OR 5.7 (95% CI 1.20-27.28) en preeclampsie (OR 
14.3, 95%CI 1.28-259) (19). Daarnaast wordt bij 65% van de placenta met lakes met een 
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echodense, irregulaire rand (‘echogenic cystic lesion’) postpartum de histologische 
diagnose ‘inter-villeuze trombose’ vastgesteld (20). Placenta lakes komen ook voor bij 
placenta accreta, hoewel er dan vaak gebruik wordt gemaakt van de term ‘lacuna’. De 
aanwezigheid van een retroplacentair placenta lake kan wijzen op een bloeding, welke 
soms asymptomatisch en zelflimiterend is, maar ook op een abruptio. Subchorionale 
lakes bevindingen zich aan de foetale zijde en zijn van weinig klinisch belang (1). Het 
lijkt dat men met name de grote, intraparenchymale lakes herkend en placenta lakes 
werden vaak als fout-positief aanwezig beschouwd. Daarnaast was het merendeel van 
de participanten niet in staat om het type placenta lake te benoemen. 

CONCLUSIE EN AANBEVELING

Ondanks dat deze belangrijke informatie letterlijk binnen handbereik ligt, is de 
beoordeling van en de kennis over placenta lakes en calcificaties beperkt. Op basis van 
onze vragenlijsten concluderen we dat de mate waarin de placenta echografisch wordt 
onderzocht lijkt af te hangen van de tijd die er voor beschikbaar is, de klinische relevantie 
die eraan men eraan geeft en de professionele achtergrond van degene die de echo maakt. 

Om een leidraad te bieden in het structureel beoordelen van de placenta, zou men een 
checklist kunnen gebruiken, zie Tabel 3*. Tevens zou placenta beoordeling een onderdeel 
kunnen vormen van landelijke of regionale trainingen in het opleiding curriculum tot 
gynaecoloog of verloskundige met daarin de meest klinisch relevante placenta bevindingen 
tijdens een echo. 
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ADDITIONAL FIGURES/TABLES*

Tabel 3. Voorbeeld checklist placenta beoordeling

PLACENTA ONDERDEEL Uitleg

LOCATIE Beoordeel locatie placenta aan uteruswand (anterior, posterior of 
lateraal) en ten opzichte van ostium internum (fundaal, midden, previa 
(marginalis/totalis)).

DIKTE Zorg voor een transversale doorsnede door de uterus en meet de dikte 
van de placenta ter hoogte van de navelstrenginsertie.

NAVELSTRENGINSERTIE Beschrijf de plek waar de navelstreng aanhecht op de foetale zijde van 
de placenta als centraal, paracentraal, marginaal of velamenteus.

VORM Beoordeel de vorm en het aantal lobben van de placenta (bilobata/
circumvallata).

PLACENTA LAKES Beoordeel de aanwezigheid en grootte van placental lakes (= 
sonolucente, homogene, avilleuze ruimtes). Beoordeel het type lake als 
subchorionaal, intraparenchymaal, lacunae of echogenic cystic lesion.

CALCIFICATIES Beoordeel de aanwezigheid van calcificaties (= echogene foci) volgens 
de Grannum-classificatie (graad 0-3).
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ABSTRACT

Introduction: An antepartum screening method to determine normal and abnormal 
placental function is desirable in the prevention of maternal and fetal pregnancy 
complications. Placental appearance can easily be obtained and evaluated using 2D 
ultrasonography, but surprisingly little is known about the change in placental appearance 
during gestation. Aim of this systematic review was to describe the antepartum placental 
appearance in placenta syndrome (PS) pregnancies, and to compare this to the appearance 
in healthy pregnancies.

Methods: A systematic review investigating placental thickness, -lakes and/or -calcifications 
by ultrasound examination in both uncomplicated (reference group) and PS pregnancies in 
relation to gestational age was performed. English literature was searched using PubMed 
(NCBI), EMBASE (Ovid) and the Cochrane Library, from database inception until September 
2020. Data on placental thickness was presented as a continuous variable or as the 
proportion of abnormal placental thickness. Data on placental lakes and -calcifications was 
presented as prevalence (%). There was no restriction applied on the definition of placental 
lakes or -calcifications. Due to heterogeneity, pooling of the results was not performed. 

Results: A total of 28 studies were included describing 1719 PS cases; consisting of 370 
(21%) cases with preeclampsia or pregnancy induced hypertension, 1341 (78%) cases with 
fetal growth restriction (FGR) or small for gestational age (SGA), and 8 (1%) cases with 
combined clinical expressions. In addition, the reference group comprised 3315 pregnant 
women. Placental thickness showed an increase between the first and second trimester, 
which was higher in PS- compared to uncomplicated pregnancies. Placental lakes were 
frequently observed in FGR and SGA pregnancies, especially in the second trimester. 
Grade 3 calcifications were most prominent in the PS pregnancies, specifically in the late 
second and third trimester. Moreover, in the reference group, no grade 3 calcifications were 
reported before 35 weeks of gestation. 

Conclusion: Placental appearance in PS-pregnancies shows higher placental thickness 
and greater presence of placental lakes and –calcifications compared to uncomplicated 
pregnancies. Standardized definitions of (ab-)normal placental appearance and 
longitudinal research in both healthy and complicated pregnancies are needed to improve 
personalized obstetric care. 
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INTRODUCTION

Early in pregnancy, placental development starts with remodelling of the maternal 
spiral arteries. Invasion of endovascular trophoblast cells results in the replacement of 
endothelial and smooth muscle cells, thereby creating wide, low-resistance vessels that 
ensure constant blood supply to the foetus [1, 2]. Impaired remodelling creates a reduction 
in effective placental vascularity and blood flow, oxygen, and nutrients to the fetus, which 
may lead to placental insufficiency [3]. Subsequently, there is a high risk of developing 
pregnancy complications that are collectively known as placenta syndrome (PS) [4]. PS 
includes pre-eclampsia (PE), pregnancy induced hypertension (PIH) and fetal growth 
restriction (FGR), which are all significantly related to maternal and perinatal morbidity 
[4, 5]. Despite their similarities in pathogenesis, it remains unknown which ischemic 
pathway leads to a more dominantly maternal or fetal expression. Previous literature on 
abnormal, histopathological placental lesions has shown associations with the presence 
of PS and adverse neonatal outcome [6]. However, data are conflicting, possibly due to 
heterogeneous study populations and no uniformity in definitions of placental lesions 
and clinical syndrome. Furthermore, data on histopathological lesions is behind time to 
affect clinical decision making during pregnancy.

To translate placental appearance to placental function, 2D ultrasonography may be 
useful as a non-invasive assessment method. Although ultrasound is the predominant 
modality used in clinical obstetrics, the placenta is often overlooked [7]. The normal 
placenta has a discoid shape with uniform echogenicity and rounded margins [8]. With 
advanced gestational age, placental thickness increases, the presence of placental focal 
sonographic translucencies (e.g. placental lakes) increases, and a more mature placenta 
(e.g. placental calcifications) can be observed. Compared to Doppler measurements, 
that can be challenging [9], measuring placental thickness and evaluating the placental 
appearance is not time-consuming and highly accessible. However, little is known about 
‘normal’ placental appearance during pregnancies with healthy outcome, making it hard 
to distinguish ‘abnormal’ from ‘normal’ in light of clinical decision-making.

In order to quantitatively assess placental thickness, -lakes and -calcifications in PS 
pregnancies and to compare these to healthy pregnancies, we performed a systematic 
review. Furthermore, we investigated the variations in placental appearance in the different 
expressions of PS. 
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METHODS

This review was registered in PROSPERO (protocol registration number CRD42020212238) and 
conducted in accordance to the ‘PRISMA Statement’ for reporting systematic reviews [10, 11]. 

Search strategy
The databases PubMed (NCBI), EMBASE (Ovid) and the Cochrane Library were searched 
for original studies investigating placental thickness, -lakes and/or -calcifications using 
ultrasound examination in pregnancies of all gestational ages, from database inception 
until September 24, 2020. The medical subject headings (MeSH) and text words, combined 
with AND and OR, are listed in Table S1*. There were no filters added to the search. Exclusion 
criteria were unpublished studies (e.g. trials registrations), studies with no available full 
text, studies that reported data in languages other than English and Dutch, studies with 
a study design consisting of case reports, case reviews and reviews, studies performed in 
twin pregnancies, and pregnancies with fetal anomalies or without pregnancy outcomes. 
Additionally, the reference lists of the included articles were screened for other relevant 
studies. 

Study selection
The identified studies were assessed for eligibility in two phases. The first selection, 
based on title and abstract, was performed by two independent reviewers (AH and LDC). 
Discrepancies were resolved by a third reviewer (VS). Next, full-text articles were assessed 
by the same reviewers (AH and LDC) to determine their eligibility based on the in- and 
exclusion criteria explained above. Any disagreement was resolved by mutual agreement. If 
consensus could not be reached, a third reviewer (VS) was consulted and a final selection 
of studies was made. Last, the reference lists of the included articles were screened for 
other relevant studies. These studies were first assessed based on title and abstract, 
performed by two independent reviewers (AH and LDC). Since there were no discrepancies, 
there was no need for a third reviewer. 

Data extraction
Data from the eligible studies were extracted by two independent reviewers (AH and 
LDC) using a predesigned data collection form. Data on first author, publication year, 
study design, characteristics of the population studied, sample size, gestational age 
at ultrasound examination, pregnancy outcomes, ultrasound system, and presence of 
placental appearance were obtained. If information was missing or unclear, corresponding 
authors were contacted by email. Next, data was sorted into three data collection forms 
based on the placental appearance examined, shown in Table 2-4. 
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Quality assessment
The methodological quality and risk of bias of the included studies was assessed by two 
independent reviewers (AH and LDC) using the Quality Assessment of Prognostic Accuracy 
Studies (QUAPAS) tool. QUAPAS is a modification of the existing Quality Assessment 
of Diagnostic Accuracy studies (QUADAS-2) tool, which uses the same domain-based 
framework as QUADAS-2 [12, 13]. The risk of bias and concern about the applicability are 
judged in five main domains: 1) participant recruitment, 2) index test, 3) target event, 4) 
study flow, and 5) analysis, see Table S2*. 

Data synthesis
To assess the relationship between placental thickness and different expressions of PS, we 
converted data from median or multiple of the median (MoM) to mean with SD, using an 
online calculator of the method devised by Hozo et al. [14] In studies that presented their 
data not as a mean with SD or median with IQR, a plot digitizer was used to obtain these 
data [15]. Furthermore, mean gestational age was calculated in the studies presenting a 
range. Next, the data was categorized based on the expression of PS. Three categories 
were made: a maternal (PE and/or hypertension), fetal (IUGR and/or SGA) or combined 
(maternal and fetal) expression of PS. The reference group consisted of uncomplicated 
pregnancies with a healthy outcome or pregnancies defined as appropriate for gestational 
age (AGA) without any other adverse pregnancy outcomes. The main outcomes were 
placental thickness (millimetres (mm)), presence of placental lakes and/or presence of 
placental calcifications in any of the predefined study groups. For studies reporting on 
placental thickness, data was presented as a continuous variable or as the proportion 
of abnormal placental thickness. Abnormal placental thickness was defined as a cut-off 
value ranging from >30mm to >51 mm [16-18]. For studies reporting placental lakes, data 
was presented as a prevalence (%). There was no restriction applied on the definition of 
placental lakes. For studies reporting on placental calcification, data was presented as a 
prevalence (%), with no further restrictions on definition or classification, however most 
studies used the Grannum classification [19]. 

Statistical analysis
‘R’ version 1.3.1093 was used to plot the prevalence of placental appearances in PS study 
groups and the reference group during various gestational ages. Due to the small number 
of included studies and multiple sources of heterogeneity (definition of PS, definition of 
placental appearances and difference in gestational age at ultrasound scan) we did not 
perform a meta-analysis, but only systematically reviewed our data.
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RESULTS

Study and data selection 
Our search identified a total of 1058 studies (Figure 1). After removal of duplicates (n = 
39), a total of 1019 studies were evaluated. First, unpublished studies were excluded (n = 
61). Then, a total of 958 studies were screened based on title and abstract. Another 902 
studies were excluded for several reasons (e.g. twin studies or no description of placental 
structures on ultrasound), leaving 56 articles to be analysed for full text. In this phase, 
studies were excluded because of the following reasons: no full text in English (n = 6), 
none of the predefined outcomes (n = 6), placental examination performed post-partum (n 
= 2), undesired study design (n = 4), placental appearance not associated with pregnancy 
outcome (n = 8), and results of which no absolute values could be retrieved (n = 2). A 
request was send to the authors of those two studies, however we never received a reply 
and therefore had to exclude them. 

Finally, a total of 28 studies were included in this systematic review, describing a total of 
1719 cases of PS. These consisted of 370 (21%) cases with PE/PIH, 1341 (78%) cases with 
a FGR/SGA and 8 (1%) cases of a combined PS form. In addition, the reference group 
comprised 3315 pregnant women. 

Study characteristics
Study characteristics are presented in Table 1. Most studies employed a prospective design 
[16-18, 20-34], five studies were retrospective [35-39], three studies had a cross-sectional 
design [40-42] and two studies specifically described a prospective cohort design [43, 44]. 
The majority of studies investigated PE, SGA and IFGR as adverse pregnancy outcome. 
Some studies included PE patients that were also diagnosed with Hemolysis, Elevated Liver 
enzymes and Low Platelets (HELLP) syndrome. The most common definition for SGA was 
birthweight <10th percentile and an estimated fetal weight <10th percentile was defined as 
FGR. PE was mostly unspecified; however, some studies defined it according to guidelines 
of the International Society for the Study of Hypertension in Pregnancy [45]. All included 
studies used an abdominal transducer on 11 different ultrasound systems from various 
manufacturers. 
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Figure 1. Flowchart of included studies. N= amount of articles.

Sc
re

en
in

g 
Id

en
tif

ica
tio

n Records identified with search 
(Pubmed and Embase n = 1027) 

In
clu

de
d 

El
ig

ib
ili

ty
 

Records after duplicates removed 
(n = 1019) 

Exclusion of unpublished studies (n = 61) 

Exclusion II (n = 1358) 

1. Full text not in English (n = 6) 
2. No desired outcome (n = 6) 
3. Placenta examination post-partum ( n = 2) 
4. Undesired study design (n = 4) 
5. Placental appearance not associated with 
pregnancy outcome (n = 8) 
6. Absolute values could not be retrieved (n = 2) 

 
 

Records screened 
(n = 958) 

Studies included 
(n = 28) 

Additional records identified 
through other sources (n = 31) 

Full text articles assessed for eligibility  
(n = 56) 

Records excluded based on title and 
abstract screening (n = 902) 

Figure 1 Flowchart of included studies.

Quality assessment
The majority of studies are defined as good quality (n = 18), whereas the other studies 
are either of moderate (n = 4) or low quality (n = 6). The lowest scores items were patient 
recruitment and clear definition of pregnancy outcome, see Table S2. 

Placental thickness
A total of 10 studies were included exploring placental thickness at different time-points 
during gestation (between 6 and 23 weeks), see Table 2a. Placental thickness was measured 
at the umbilical cord insertion in five studies, other studies measured the maximum 
placental thickness or the area near the mid-placental portion, see Table 2B. All studies 
investigated the placental thickness in pregnancies complicated by FGR /SGA, four studies 
investigated pregnancies complicated by PE/PIH/HELLP and two studies looked at the 
pregnancies complicated by PE/PIH and FGR/SGA. In addition, there were five studies 
evaluating thickness in a reference group. 
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Table 1. Characteristics of included studies.

Reference Year Study design Placental 
structure

GA at 
ultrasound 
(weeks)

Total 
sample size 
(n)

Case group (n) Definition Reference group (n) Ultrasound system 

1 Baldassarre et al.34 2016 Retrospective Lakes 13 ±1 201 PE (11) Unspecified - Unspecified

SGA (12) BW < 10th percentile

2 Barati et al.17 2019 Prospective Calcification 30-34 739 SGA (27) EFW < 10th percentile - Medison version 20 

3 Chen et al.16 2011 Prospective Calcification 28 776 SGA (53) BW < 2500 g - Voluson 730

4 Chitlange et al.18 1989 Prospective Calcification 31 – 34 270 IUGR (4) BW < 2kg - XL linear array 
diagnostic sonarPE (3) Unspecified

SGA (68) 2-2.49 kg

5 Clair et al.35 1983 Retrospective Calcification 16-29 78 Hypertension (8) Unspecified - Unspecified

6 Cooley et al.19 2011 Prospective Lakes, 
Calcification

36 810 PE (26) Unspecified - Unspecified

IUGR (8) Unspecified

SGA (156) BW < 9th centile

PIH (17) Unspecified

7 David et al.42 2016 Cohort Thickness 11-13 306 SGA (17) BW < 10th centile AGA (259) Voluson 730 and E8

8 Dudley et al.39 1993 Cross-sectional Calcification, 
Thickness

30-36 1019 SGA (97) BW < 10th percentile - Unspecified

9 Elchalal et al.20 2000 Prospective Thickness 20-22 and 
32-34

195 SGA (18) BW < 2500 g - ATL HDI 3000

10 Geerts et al.21 2016 Prospective Calcification > 32 210 IUGR (60) EFW <10th percentile AGA (150) Unspecified

11 Jamal et al.22 2017 Prospective Calcification 26-36 293 SGA (76) BW < 2500g - Antares Siemens

12 Jauniaux et al.40 1994 Cross-sectional Lakes, 
Thickness

16-29 210 SGA (8) BW < 5th percentile Uncomplicated 
pregnancies (168)

Hitachi

Placental SGA (17) BW < 5th percentile + elevated 
maternal serum AFP values

13 Hopper et al.23 1984 Prospective Calcification 24-36 473 PE (35) Unspecified Uncomplicated 
pregnancies (429)

B-mode Picker 80L

IUGR (9) Unspecified

14 Masliza et al.24 2017 Prospective Lakes, 
Calcification, 
Thickness

20-22 and 
30-32

113 Hypertensive 
disease (7)

Unspecified - Voluson 730 and 
Aplio MX

IUGR (10) Unspecified

15 McKenna et al.25 2005 Prospective Calcification 36 1802 PE (32) Proteinuria PIH - ATL Ultramark 4

SGA (109) BW < 10th centile

16 Miller et al.36 1988 Retrospective Calcification 39 ± 1.4 246 SGA (29) BW < 10th percentile AGA (151) Unspecified

17 Moran et al.26 2015 Prospective Calcification 24+4-40 50 PE (15) Diastolic BP ≥ 90 mmHg and 
proteinuria > 0,3 g. 

- Voluson 730

IUGR (35) Reduced growth velocity in the 
AC and/or EFW ≤ 10th centile. 
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Table 1 Continued.

Reference Year Study design Placental 
structure

GA at 
ultrasound 
(weeks)

Total 
sample size 
(n)

Case group (n) Definition Reference group (n) Ultrasound system 

18 Patterson et al.41 1983 Cross-sectional Calcification 34 ± 0.3 398 SGA (21) BW < 10th percentile - Toshiba 20 SAL

PIH (18) Unspecified

19 Raio et al.37 2004 Retrospective Thickness 9-37 16 PIH (2) Unspecified - Sequoia 512

PE + HELLP (1) Unspecified

IUGR (6) AC < 2 SD for GA

IUGR + PIH (2) Unspecified

IUGR + PE/HELLP 
(1)

Unspecified

20 Reis et al.27 2004 Prospective Lakes 22 4106 SGA (10) BW < 10th percentile - Corevision (Toshiba) 
or Ultramark 9 HDL

21 Suri et al.28 2013 Prospective Thickness 11-13 301 PE (14) According to the international 
society for the study of 
hypertension in pregnancy 

Uncomplicated 
pregnancies (42)

Voluson 730 and E8

22 Suzuki et al.29 2008 Prospective Thickness 18-21 722 IUGR (30) BW < 10th percentile - Toshiba (SSA-660A)

23 Thompson et al.30 2002 Prospective Lakes, 
Thickness

18-22 1198 PE (76) Unspecified - Unspecified

SGA (196) BW < 10th centile

24 Vachon-Marceau 
et al.31 

2017 Prospective Thickness 13 ±1 991 PE (20) According to the international 
society for the study of 
hypertension in pregnancy 

Uncomplicated 
pregnancies (919)

Voluson 730

SGA (47) BW < 10th percentile

PE + SGA (5) Combination of above

25 Agrawal and Jain 
al.33 

2000 Prospective Calcification >28 250 Hypertension (40) Unspecified Uncomplicated 
pregnancies (125)

Unspecified

IUGR (25) Unspecified

26 Vosmar et al.32 1989 Prospective Calcification 26 – 43 137 SGA (18) BW < 10th percentile AGA (119) Toshiba linear array

27 Walter et al.38 2020 Retrospective Thickness 6 – 8 49 IUGR (9) EFW ≤ 10th percentile and/or 
FGR in subsequent scans

Uncomplicated 
pregnancies (40)

Viewpoint v5.0

28 Walker et al.43 2010 Cohort Calcification 30-34 1238 PE (45) Incremental BP changes and 
proteinuria > 0,3/24h

Uncomplicated 
pregnancies (913)

Acuson 128/Xp

IUGR (62) Post-natal ponderal index < 5th 
percentile

SGA (104) BW < 10th percentile

BW = birthweight, PE = preeclampsia, IUGR = intra uterine growth restriction. FGR = foetal growth 
restriction, SGA = small for gestational age, AGA = appropriate for gestational age, 

PIH = pregnancy induced hypertension, n = amount of patients, g = gram, GA = gestational age, BP 
= blood pressure, AC = abdominal circumference.
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Reported mean placental thickness in the first trimester (between 6 to 12 weeks of gestation) 
showed comparable values between the groups, with mean placental thickness ranging 
between 8 mm and 18 mm in the PS pregnancies compared to a range of 7 mm and 19 mm in 
the reference group (Table 2A, Figure 2). One study reported the thickness in the early second 
trimester (13 weeks of gestation) [32], showing significantly thicker placenta in PE pregnancies 
compared to SGA pregnancies (11 ± 2 mm vs 9 ± 1 mm, p=0.020). Several studies evaluating 
placental thickness in the late second trimester (mean gestational age (GA) of 23) showed 
thicker placentas in pregnancies with PS (SGA: 33 and 53 mm, PIH: 55 mm, PE/HELLP: 36 mm 
and FGR+PIH/PE/HELLP: 41 and 52 mm) compared to the reference group (25 mm) [38, 41]. In 
two studies [17, 18], abnormal placental thickness was classified as > 30 mm, and in another 
study as > 35 mm (Table 2B) [16]. Those three studies performed ultrasound measurements in 
the second trimester (between 18 and 32 weeks of gestation) in PS-pregnancies. One of them 
showed a significant difference in the proportion of SGA pregnancies compared to pregnancies 
without SGA in a group with abnormal placental thickness (88% vs 12%, p = 0.016). Lastly, one 
study reported a cut-off value using the 10th percentile of their own population, which was 30,5 
mm, to define abnormal placental thickness [40]. They conclude that 14% of the pregnancies 
with SGA had a placental thickness below the 10th percentile, while the remaining 86% had a 
placental thickness of >30.5 mm. 

Placental lakes
A total of five studies were included exploring placental lakes at different time-points during 
gestation (between 12 and 31 weeks of gestation), see Table 3A. Most studies (n = 3) defined 
placental lakes as homogenous sonolucent spaces of >2x2cm surrounded by placental tissue 
of normal echogenicity (see Table 3B). All studies investigated placental lakes in pregnancies 
complicated by SGA/FGR, three studies investigated pregnancies complicated by PE/PIH and 
there was only one study evaluating lakes in a reference group. 

One study reported the presence of placental lakes at 13 weeks of gestation [35], being 
9% in pregnancies with PE and 16% in pregnancies with SGA. One other study performed 
measurements in pregnancies complicated by PIH and FGR, with presence of placental lakes 
non-significantly increasing from 0 to 71% in PIH and from 30 to 60% in FGR between 21 and 
31 weeks of gestation [17]. The other studies evaluating placental lakes in the second trimester 
(between 20 and 23 weeks of gestation) showed a wide variability of the occurrence of placental 
lakes in the different study groups (Figure 3), with the highest prevalence in SGA pregnancies. 
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Figure 2. Included studies (named by first author) reporting placental thickness during gestation. 
Mm = millimetres. Groups (pregnancy outcomes) are depicted as shapes; circle = reference group, 
triangle = intra uterine growth restriction (IUGR) or small for gestational age (SGA), square = 
preeclampsia (PE) or pregnancy induced hypertension (PIH), plus sign = combination of PE and 
IUGR. A bigger sample size increases the size of the shapes.

One study examined echogenic cystic lesions, defined as an echo-poor centre lesion with 
characteristic halo echogenic surround. They found significantly higher rates of echogenic 
cystic lesion in the third trimester (36 weeks of gestation) in pregnancies complicated by 
PE (N=2/26; 8.5%) compared to pregnancies without PE (N=26/784; 3.3%, p = 0.025).
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Table 2A. Overview of studies evaluating placental thickness; study characteristics.

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Mean placental 
thickness ± SD case 
group

Reference group (n) Mean placental 
thickness ± SD 
reference group

David et al.42 2016 Non-smoking, uncomplicated 
singleton pregnancies

306 11-13 SGA (17) 17 ± 1 mm AGA (56) 19 ± 1 mm 

Jauniaux et al.40 1994 Unspecified 210 16-28 SGA (25) 33 ± 9 mm Uncomplicated 
pregnancies (25)

25 ± 5 mm

Raio et al.37 2004 Pregnancies with a thick 
heterogeneous placenta (jelly like)

16 8-36 PIH (2) 55 ± 6 mm - -

PE + HELLP (1) 36 ± 0 mm

IUGR (6) 53 ± 15 mm

IUGR + PIH (2) 41 ± 6 mm

IUGR + PE/HELLP (1) 52 ± 0 mm

Suri et al.28 2013 Singleton pregnancies 301 11-13 PE (14) 18 ± 1 mm Uncomplicated 
pregnancies (42)

19 ± 2 mm

Vachon-Marceau 
et al.31 

2017 Singleton pregnancies 991 13 ±1 PE (20) 11 ± 2 mm Uncomplicated 
pregnancies (919)

10 ± 1 mm

SGA (47) 9 ± 1 mm

PE + SGA (5) 10 ± 3 mm

Walter et al.38 2020 Singleton 449 6 – 8 IUGR (9) 8 ± 4 mm Uncomplicated 
pregnancies (40)

7 ± 2 mm

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Abnormal placental 
thickness case 
group n (%)

Reference group (n) Abnormal placental 
thickness reference 
group n (%)

Elchalal et al.20 2000 Singleton pregnancies 195 20-22 SGA (18) 7 (39) - -

Masliza et al.24 2017 Singleton pregnancies 68 20-22 IUGR (10) 3 (30) - -

Hypertensive disease (7) 3 (43)

30-32 IUGR (10) 5 (50)

Hypertensive disease (7) 5 (71)

Suzuki et al.29 2008 Singleton, uncomplicated pregnancies 722 18-21 IUGR (28) 2 (7) - -

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound
(weeks)

Case group (n) Thickness > 10th 
percentile n (%) 

Thickness <10th 
percentile n (%) 

Reference group (n)

Dudley et al.39 1993 Singleton pregnancies 1019 30-36 SGA (97) 83 (86) 14 (14) -

Except for Dudley et al. who used a cross-sectional design and Walter et al. and Raio et al. who 
used a retrospective design, all studies were prospective. 

PE = preeclampsia, SGA = small for gestational age, n = amount of patients, GA = gestational age, 
IUGR = intra uterine growth restriction, PIH = pregnancy induced hypertension, HELLP = haemolysis, 
elevated liver enzymes and low platelets, BW = birthweight, mm = millimetres. 
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Table 2B. Overview of studies evaluating placental thickness; used measurement place for placental 
thickness.

Author Place of placental thickness measurement 

David et al.42 Underneath the umbilical cord insertion. 

Dudley et al.39 Greatest thickness perpendicular to the uterine wall. Defined < 10th or 
> 10th percentile with a cut off value of 30,5 mm based on their own 
population.

Elchalal et al.20 In the area of the cord insertion, near the mid-placental portion. 
Abnormal if >35 mm at 20-22 weeks.

Jauniaux et al.40 Underneath the umbilical cord insertion.

Masliza et al.24 At cord insertion if centrally located or at the centre of the placenta 
if the cord is not centrally located. Further defined as abnormal 
thickness if > 30 mm, at 20-22 weeks of GA and > 40 mm at 30-32 weeks 
of GA. 

Raio et al. 37 Maximal placental thickness.

Suri et al.28 Underneath the umbilical cord insertion.

Suzuki et al.29 Thickest part of the placenta, with abnormal thickness > 30 mm.

Vachon-Marceau et al.31 Maximum placental thickness was measured at the apparent center of 
the placenta using the 3D acquisitions of the placenta. 

Walter et al.38 Straight-line measurement from the umbilical cord base to the basal 
plate.

Mm = millimetres. 

Placental calcification
A total of sixteen studies were included at different time-points during gestation 
(between 23 and 39 weeks), see Table 4. Most of the studies used the Grannum 
classification for evaluating the placental calcifications. Thirteen studies investigated 
the presence of placental calcifications in pregnancies complicated by SGA/FGR, 
eight studies investigated pregnancies complicated by PE/PIH, two studies looked 
at the pregnancies complicated by PE+FGR, and there were six studies evaluating 
calcification in reference groups. For the purpose of this review we focused on grade 
3 calcifications, since this is the most severe grade [19]. The incidence of Grannum 
grade 3 during gestation is visualised in Figure 4. One study performed measurements 
at three different time-points (29, 35 and 37 weeks of gestation) [34]. They showed an 
increase in grade 3 placental calcification in pregnancies with PIH from 13%, to 63% and 
ending at 69%. In pregnancies with FGR this increase was from 40%, to 42% and 88%, 
and in the reference group from 0%, to 26% and 47%. The 13 other studies evaluating 
grade 3 calcification in the third trimester (between 29 and 39 weeks of gestation) 
showed a wide variability (0-100%) of the occurrence of grade 3 calcification in the 
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different groups, being the highest in the pregnancies with PE. There were no studies 
reporting grade 3 calcification during the second and early third trimester (between 29 
and 32 weeks of gestation) in the reference group. In addition, there were two studies 
reporting only the presence of calcification (without grade) [20, 21]. They observed an 
incidence of 30 and 43% in cases complicated by SGA between 28 and 32 weeks of 
gestation, respectively.
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Figure 3. Included studies (named by first author) reporting placental lakes (%) during gestation. 
Groups (pregnancy outcomes) are depicted as shapes; circle = reference group, triangle = intra 
uterine growth restriction (IUGR) or small for gestational age (SGA), square = preeclampsia (PE) 
or pregnancy induced hypertension (PIH). A bigger sample size increases the size of the shapes. 
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Table 3A. Overview of studies evaluating placental lakes; study characteristics.

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Placental lakes case 
group n (%)

Reference group (n) Placental lakes 
reference group n (%)

Baldassarre et al.34 2014 Singleton 201 13 ±1 PE (11) 1 (9) - -

SGA (12) 2 (16)

Jauniaux et al.40 1994 Unspecified pregnant population 210 16-29 SGA (25) 4 (16) Uncomplicated 
pregnancies(168)

18 (9)

Masliza et al.24 2017 Singleton 113 20-22 IUGR (10) 3 (30) - -

Hypertensive disease (7) 0 (0)

30-32 IUGR (10) 6 (60)

Hypertensive disease (7) 5 (71)

Reis et al.27 2004 Singleton, no maternal or foetal 
disease

4106 15-40 SGA (10) 7 (70) - -

Thompson et al.30 2002 Unspecified pregnant population 1198 18-22 SGA (196) 30 (15) - -

PE (76) 11 (14)

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Echogenic cystic 
lesions in case 
group n (%)

Reference group (n) Echogenic cystic 
lesions in reference 
group n (%)

Cooley et al.19 2011 Singleton, low-risk, primigravid, 
Caucasian, aged 18-40 years

810 22-24 and 
36

PE (26) 2 (8) - -

Except for Baldassarre et al. who used a retrospective design, all studies were prospective. PE = 
preeclampsia, SGA = small for gestational age (birth weight<10th percentile), n = amount of patients, 
GA = gestational age, IUGR = intra uterine growth restriction.

Table 3B. Overview of studies evaluating placental lakes; used definitions for placental lakes.

Author Definition placental lakes

Baldassarre et al.34 Sonolucency ≥ 0.7 cm

Cooley et al.19 Echo-poor lesions with characteristic halo surround (= echogenic cystic 
lesion)

Jauniaux et al.40 Intervillous spaces of >2x2cm surrounded by placental tissue of normal 
echogenicity

Masliza et al.24 Homogenous, sonolucent villous vascular spaces. Abnormal if: >3 lakes of 
<2cm or <3 lakes of >2cm

Reis et al.27 Intervillous spaces of >2x2cm surrounded by placental tissue of normal 
echogenicity

Thompson et al.30 Homogenous sonolucent lesions > 2x2 cm, with turbulent low velocity flow

Cm = centimetres.
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Table 3A. Overview of studies evaluating placental lakes; study characteristics.

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Placental lakes case 
group n (%)

Reference group (n) Placental lakes 
reference group n (%)

Baldassarre et al.34 2014 Singleton 201 13 ±1 PE (11) 1 (9) - -

SGA (12) 2 (16)

Jauniaux et al.40 1994 Unspecified pregnant population 210 16-29 SGA (25) 4 (16) Uncomplicated 
pregnancies(168)

18 (9)

Masliza et al.24 2017 Singleton 113 20-22 IUGR (10) 3 (30) - -

Hypertensive disease (7) 0 (0)

30-32 IUGR (10) 6 (60)

Hypertensive disease (7) 5 (71)

Reis et al.27 2004 Singleton, no maternal or foetal 
disease

4106 15-40 SGA (10) 7 (70) - -

Thompson et al.30 2002 Unspecified pregnant population 1198 18-22 SGA (196) 30 (15) - -

PE (76) 11 (14)

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Echogenic cystic 
lesions in case 
group n (%)

Reference group (n) Echogenic cystic 
lesions in reference 
group n (%)

Cooley et al.19 2011 Singleton, low-risk, primigravid, 
Caucasian, aged 18-40 years

810 22-24 and 
36

PE (26) 2 (8) - -

Except for Baldassarre et al. who used a retrospective design, all studies were prospective. PE = 
preeclampsia, SGA = small for gestational age (birth weight<10th percentile), n = amount of patients, 
GA = gestational age, IUGR = intra uterine growth restriction.

Table 3B. Overview of studies evaluating placental lakes; used definitions for placental lakes.

Author Definition placental lakes

Baldassarre et al.34 Sonolucency ≥ 0.7 cm

Cooley et al.19 Echo-poor lesions with characteristic halo surround (= echogenic cystic 
lesion)

Jauniaux et al.40 Intervillous spaces of >2x2cm surrounded by placental tissue of normal 
echogenicity

Masliza et al.24 Homogenous, sonolucent villous vascular spaces. Abnormal if: >3 lakes of 
<2cm or <3 lakes of >2cm

Reis et al.27 Intervillous spaces of >2x2cm surrounded by placental tissue of normal 
echogenicity

Thompson et al.30 Homogenous sonolucent lesions > 2x2 cm, with turbulent low velocity flow

Cm = centimetres.
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Table 4. Overview of studies evaluating placental calcifications; study characteristics.

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Placental 
calcification case 
group n (%)

Reference group (n) Placental calcification 
reference group n (%)

Barati et al.17 2019 Singleton pregnancies 739 30-34 SGA (27) Calcification = 8 (30) - -

Chen et al.16 2011 Pregnancies without significant 
antenatal complications

776 28 SGA (53) Calcification = 23 
(43)

- -

Clair et al.35 1983 High risk, near term gestations 87 16-29 Hypertension (8) Gr. 0 = 1 (13)
Gr. I = 5 (63)
Gr. II = 2 (25)
Gr. III = 0

- -

Chitlange et al.18 1990 Uncomplicated singleton pregnancies 270 31-34 IUGR (4) Gr. 1 = 0 (0) 
Gr. III = 4 (100)

- -

PE (3) Gr. 1 = 0 (0)
Gr. III = 3 (100)

SGA (68) Gr. 1 = 46 (68)
Gr. III = 22 (32)

Cooley et al.19 2011 Singleton, low-risk, primigravid, 
Caucasian, aged 18-40 years

810 36 SGA (156) Gr. III = 38 (24) - -

Dudley et al.39 1993 Singleton pregnancies 1019 30 – 36 SGA (97) Gr. 0-II = 92 (95)
Gr. III = 5 (5)

Hopper et al.23 1984 Non- diabetici 473 25 PE/IUGR (44) Gr. I = 15 (34) Uncomplicated 
pregnancies (429)

Gr. I = 26 (6)

28-29 PE/IUGR (44) Gr. II = 22 (50) Uncomplicated 
pregnancies (429)

Gr. II = 21-69 (5-16)

30 PE/IUGR (44) Gr. III = 7 (16) Uncomplicated 
pregnancies (429)

Gr. III = 0 (0)

Jamal et al.22 2017 Unspecified 293 26-36 SGA (76) Gr. III = 24 (32) - -

Geerts et al.21 2016 High risk populations 210 >32 IUGR (50) Gr. III = 21 (42) AGA (150) Gr. III = 5 (3)

McKenna et al.25 2005 Low-risk, singleton pregnancies 1802 36 SGA (109) Gr. III =12 (11) - -

PE (32) Gr. III = 5 (16)

Miller et al.36 1988 Unspecified 246 39 ± 1.4 SGA (29) Gr. 0-II = 19 (66)
Gr. III = 10 (34)

AGA (151) Gr. 0-II = 88 (58)
Gr. III = 63 (42)

Patterson et al.41 1983 Nondiabetic singleton pregnancies 398 34 ± 0.3 SGA (21) Gr. II = 10 (48) 
Gr. III =11 (52)

- -

PIH (18) Gr. II = 10 (56)
Gr. III =8 (44)

Agrawal and Jain 33 2000 High risk and uncomplicated 
pregnancies

250 28 -31 Hypertension (8) Gr. 0 = 0 (0)
Gr. I = 3 (38)
Gr. II = 4 (50)
Gr. III 1 (13)

Uncomplicated 
pregnancies (16)

Gr. 0 = 2 (13)
Gr. I = 8 (50)
Gr. II = 6 (38)
Gr. III = 0 (0)
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Table 4. Overview of studies evaluating placental calcifications; study characteristics.

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Placental 
calcification case 
group n (%)

Reference group (n) Placental calcification 
reference group n (%)

Barati et al.17 2019 Singleton pregnancies 739 30-34 SGA (27) Calcification = 8 (30) - -

Chen et al.16 2011 Pregnancies without significant 
antenatal complications

776 28 SGA (53) Calcification = 23 
(43)

- -

Clair et al.35 1983 High risk, near term gestations 87 16-29 Hypertension (8) Gr. 0 = 1 (13)
Gr. I = 5 (63)
Gr. II = 2 (25)
Gr. III = 0

- -

Chitlange et al.18 1990 Uncomplicated singleton pregnancies 270 31-34 IUGR (4) Gr. 1 = 0 (0) 
Gr. III = 4 (100)

- -

PE (3) Gr. 1 = 0 (0)
Gr. III = 3 (100)

SGA (68) Gr. 1 = 46 (68)
Gr. III = 22 (32)

Cooley et al.19 2011 Singleton, low-risk, primigravid, 
Caucasian, aged 18-40 years

810 36 SGA (156) Gr. III = 38 (24) - -

Dudley et al.39 1993 Singleton pregnancies 1019 30 – 36 SGA (97) Gr. 0-II = 92 (95)
Gr. III = 5 (5)

Hopper et al.23 1984 Non- diabetici 473 25 PE/IUGR (44) Gr. I = 15 (34) Uncomplicated 
pregnancies (429)

Gr. I = 26 (6)

28-29 PE/IUGR (44) Gr. II = 22 (50) Uncomplicated 
pregnancies (429)

Gr. II = 21-69 (5-16)

30 PE/IUGR (44) Gr. III = 7 (16) Uncomplicated 
pregnancies (429)

Gr. III = 0 (0)

Jamal et al.22 2017 Unspecified 293 26-36 SGA (76) Gr. III = 24 (32) - -

Geerts et al.21 2016 High risk populations 210 >32 IUGR (50) Gr. III = 21 (42) AGA (150) Gr. III = 5 (3)

McKenna et al.25 2005 Low-risk, singleton pregnancies 1802 36 SGA (109) Gr. III =12 (11) - -

PE (32) Gr. III = 5 (16)

Miller et al.36 1988 Unspecified 246 39 ± 1.4 SGA (29) Gr. 0-II = 19 (66)
Gr. III = 10 (34)

AGA (151) Gr. 0-II = 88 (58)
Gr. III = 63 (42)

Patterson et al.41 1983 Nondiabetic singleton pregnancies 398 34 ± 0.3 SGA (21) Gr. II = 10 (48) 
Gr. III =11 (52)

- -

PIH (18) Gr. II = 10 (56)
Gr. III =8 (44)

Agrawal and Jain 33 2000 High risk and uncomplicated 
pregnancies

250 28 -31 Hypertension (8) Gr. 0 = 0 (0)
Gr. I = 3 (38)
Gr. II = 4 (50)
Gr. III 1 (13)

Uncomplicated 
pregnancies (16)

Gr. 0 = 2 (13)
Gr. I = 8 (50)
Gr. II = 6 (38)
Gr. III = 0 (0)
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Table 4. Continued.

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Placental 
calcification case 
group n (%)

Reference group (n) Placental calcification 
reference group n (%)

IUGR (5) Gr. 0 = 0 (0)
Gr. I = 2 (40)
Gr. II = 1 (20)
Gr. III = 2 (40)

32-37 Hypertension (19) Gr. 0 = 0 (0)
Gr. I = 0 (0) 
Gr. II = 7 (37)
Gr. III = 12 (63)

Uncomplicated 
pregnancies (62)

Gr. 0 = 0 (0)
Gr. I = 7 (11)
Gr. II = 39 (63)
Gr. III = 16 (26)

IUGR (12) Gr. 0 = 0 (0)
Gr. I = 0 (0)
Gr. II = 7 (58)
Gr. III = 5 (42)

>37 Hypertension (13) Gr. 0 = 0 (0)
Gr. I = 0 (0)
Gr. II = 4 (31)
Gr. III = 9 (69)

Uncomplicated 
pregnancies (47)

Gr. 0 = 0 (0)
Gr. I = 3 (6)
Gr. II = 22 (47)
Gr. III = 22 (47)

IUGR (8) Gr. 0 = 0 (0)
Gr. I = 0 (0)
Gr. II = 1 (13)
Gr. III = 7 (88)

Vosmar et al.32 1989 Unspecified 137 26-43 SGA (18) Gr. 0-II = 11 (61)
Gr. III = 7 (39)

AGA (119) Gr. 0-II = 69 (58)
Gr. III = 50 (42)

Walker et al.43 2010 Low-risk Caucasian women with 
singleton pregnancies

1238 30-34 PE (45) Gr. 0 = 40 (89) Gr. I = 
4 (9) Gr. II = 1 (2)

Uncomplicated 
pregnancies (913)

Gr. 0 = 829 (91) Gr. I = 
77 (8) Gr. II = 7 (1)

SGA (104) Gr. 0 = 80 (77) Gr. I = 
21 (20) Gr. II = 3 (3)

IUGR (62) Gr. 0 = 48 (77) Gr. I = 
9 (15) Gr. II = 5 (8)

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Mean calcification 
% case group (SD) 

Reference group (n) Mean calcification % 
reference group, (SD)

Moran et al.26 2015 Pregnancies with diagnosis of PET/
IUGR

50 24 +4 – 40 PET/IUGR (60) 2 (3) - -

Except for Clair et al. and Miller et al. who used a retrospective design, all studies were prospective. 
Except for Barati et al., Chen et al. and Moran et al. who did not specify placental calcifications or 
expressed them as a percentage of the total placenta, 

all studies used the Grannum classification for defining placental calcifications. PE = preeclampsia, 
SGA = small for gestational age (birth weight<10th percentile), n = amount of patients, GA = gestational 
age, IUGR = intra uterine growth restriction, Gr.= Grannum grade.
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Table 4. Continued.

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Placental 
calcification case 
group n (%)

Reference group (n) Placental calcification 
reference group n (%)

IUGR (5) Gr. 0 = 0 (0)
Gr. I = 2 (40)
Gr. II = 1 (20)
Gr. III = 2 (40)

32-37 Hypertension (19) Gr. 0 = 0 (0)
Gr. I = 0 (0) 
Gr. II = 7 (37)
Gr. III = 12 (63)

Uncomplicated 
pregnancies (62)

Gr. 0 = 0 (0)
Gr. I = 7 (11)
Gr. II = 39 (63)
Gr. III = 16 (26)

IUGR (12) Gr. 0 = 0 (0)
Gr. I = 0 (0)
Gr. II = 7 (58)
Gr. III = 5 (42)

>37 Hypertension (13) Gr. 0 = 0 (0)
Gr. I = 0 (0)
Gr. II = 4 (31)
Gr. III = 9 (69)

Uncomplicated 
pregnancies (47)

Gr. 0 = 0 (0)
Gr. I = 3 (6)
Gr. II = 22 (47)
Gr. III = 22 (47)

IUGR (8) Gr. 0 = 0 (0)
Gr. I = 0 (0)
Gr. II = 1 (13)
Gr. III = 7 (88)

Vosmar et al.32 1989 Unspecified 137 26-43 SGA (18) Gr. 0-II = 11 (61)
Gr. III = 7 (39)

AGA (119) Gr. 0-II = 69 (58)
Gr. III = 50 (42)

Walker et al.43 2010 Low-risk Caucasian women with 
singleton pregnancies

1238 30-34 PE (45) Gr. 0 = 40 (89) Gr. I = 
4 (9) Gr. II = 1 (2)

Uncomplicated 
pregnancies (913)

Gr. 0 = 829 (91) Gr. I = 
77 (8) Gr. II = 7 (1)

SGA (104) Gr. 0 = 80 (77) Gr. I = 
21 (20) Gr. II = 3 (3)

IUGR (62) Gr. 0 = 48 (77) Gr. I = 
9 (15) Gr. II = 5 (8)

Author Year Population Total 
sample 
size (n)

GA at 
ultrasound 
(weeks)

Case group (n) Mean calcification 
% case group (SD) 

Reference group (n) Mean calcification % 
reference group, (SD)

Moran et al.26 2015 Pregnancies with diagnosis of PET/
IUGR

50 24 +4 – 40 PET/IUGR (60) 2 (3) - -

Except for Clair et al. and Miller et al. who used a retrospective design, all studies were prospective. 
Except for Barati et al., Chen et al. and Moran et al. who did not specify placental calcifications or 
expressed them as a percentage of the total placenta, 

all studies used the Grannum classification for defining placental calcifications. PE = preeclampsia, 
SGA = small for gestational age (birth weight<10th percentile), n = amount of patients, GA = gestational 
age, IUGR = intra uterine growth restriction, Gr.= Grannum grade.
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Figure 4. Included studies (named by first author) reporting placental calcifications grade 3 (%) 
during gestation. Groups (pregnancy outcomes) are depicted as shapes; circle = reference group, 
triangle = intra uterine growth restriction (IUGR) or small for gestational age (SGA), square = 
preeclampsia (PE) or pregnancy induced hypertension (PIH, plus sign = combination of PE and 
IUGR. A bigger sample size increases the size of the shapes.
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DISCUSSION 

This systematic review is the first to provide insight into placental thickness, -lakes, and 
-calcifications, observed during ultrasound examination in both uncomplicated and PS 
pregnancies. We conclude that placental thickness showed an increase between the first 
and second trimester, which was higher in PS- compared to uncomplicated pregnancies. 
Placental lakes and grade 3 calcifications were most prominent in the SGA and PE pregnancies 
respectively, specifically in the late second and third trimester. Moreover, in the uncomplicated 
pregnancies, no grade 3 calcifications were reported before 35 weeks of gestation. 

Placental thickness is thought to grow progressively during gestation to meet the increase 
in fetal demand [46]. During gestation, the placenta grows and migrates towards uterine 
sites with the highest vascular density. The placental margins that are attached to a region 
with poor vascular supply, will become thinner as a result of atrophy. Therefore, in most of 
the placentas, the central region of the placenta has the thickest diameter [47]. Moreover, 
due to the difference in vascularisation along the corpus of the uterus, it is believed that 
posterior located placentas have a thicker placenta compared to anterior located placenta 
[48]. Previous research defines a normal placental thickness as ≤ 30-40 mm, however based on 
a heterogenic study population without correcting for maternal characteristics or gestational 
age during measurement [16-18]. Placental size is known to be related with birthweight, making 
it potentially an important marker for adverse neonatal outcome [49]. Furthermore, abnormal 
placental thickness on ultrasound, often defined as a placenta that is too thick rather than 
too thin, has previously been associated with a higher risk on pregnancy complications [41, 
50]. Higher postpartum placental weights have been reported in pregnancies with gestational 
diabetes in contrast to lower placental weights in pregnancies with hypertensive disorders [49]. 
Little is known about placental thickness on ultrasound in these pregnancy complications, and 
based our results a thicker placenta is more often observed in women with a PS compared 
to uncomplicated pregnancies. Based on the theory by Raio et al., placental thickening in PS 
pregnancies could be the result of compensatory hyperplasia of placental regions that are not 
affected by insufficient spiral artery remodelling, to meet the fetal demands [38]. However, due 
to the limited amount of included studies and a lack of studies reporting placental thickness 
in the third trimester, the critical period that determines placental weight at birth might be 
beyond 25 weeks of gestation and more studies evaluating placental thickness at ultrasound 
during advanced gestation are preferable. 

A common placental appearance during routine ultrasound scan is the presence of 
placental lakes. Reported prevalence in a general population varies from 2-71%, possibly 
explained by the use of different definitions [17, 29, 41]. Their exact aetiology and clinical 
significance are still unknown [51, 52]. It is thought that the presence of placental lakes 
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might relate to PE and FGR, especially when the lake is defined as large (range between 
2-5 cm) [53]. However, no studies included in this review reported a statistical significant 
difference in the presence of placental lakes between complicated and uncomplicated 
pregnancies. Echogenic cystic lesions (ECL), a specific subtype of placental lakes, are 
believed to rise from a high blood flow from the tips of unremodelled spiral arteries into 
the intervillous space of the placenta, creating villous damage [51]. Cooley et al concluded 
that presence of ECL were found to be significantly higher in pregnancies complicated by 
PE [23]. Furthermore, it is known that the presence of ECLs is related to abnormal uterine 
artery Doppler measurements, which in turn, are also related to a high risk of PE [54, 55]. 

Another common placental appearance is the presence of placental calcifications. These 
calcium depositions are believed to result from normal placental maturation and have 
been divided in grades by Grannum et al. [19]. Unfortunately, not all studies use placental 
calcification grading, making only the presence of placental calcification less specific 
regarding clinical significance. The presence of placental calcification (grade 0-2) is also 
described in healthy gestation, however grade 3 is only observed at term or after 36 weeks 
of gestation [56]. The observation of preterm grade 3 calcifications is related to a higher risk 
of PS, which is in line with our results [57]. However, limited studies have been published 
on Grannum grading and it is likely that the grading process is submissive to intra- 
and interobserver error [23]. These findings are possibly explained by the difference in 
profession and experience of the observer or ultrasonographer and the several definitions 
that are used to classify calcifications. 

The main limitation of this review is the heterogeneity between the included studies that 
has various sources. First, the definition of placental appearances varies between the 
different studies. Second, various fetal and neonatal growth charts are used worldwide 
for defining FGR and SGA with varying cut-off values [58]. Third, the studies included in 
this review used different ultrasound devices and settings, which can affect the sensitivity 
and specificity of the assessment. Fourth, there is a wide variety in gestational age during 
ultrasound measurement, making it hard to pool data. Last, maternal characteristics of 
included studies differ greatly, possibly inducing bias. Therefore, we chose to only perform 
a systematic review and no meta-analysis given the possibility of false-negative or –
positive conclusions and associations.

The use of ultrasound scanning offers a non-invasive, highly accessible technique for the 
evaluation of the antenatal placenta. Previous literature describing placental thickness, 
lakes and calcifications is scarce and hard to summarize into guidelines for clinical 
decision-making. Standardized definitions of (ab-) normal placental appearance and 
longitudinal research in both healthy and complicated pregnancies are needed. 
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However, this review concludes that placental lakes (among which ECL) and abnormal 
calcifications (Grannum grade 3) are more frequently observed in placental syndrome 
pregnancies compared to uncomplicated pregnancies. Our findings suggest that these 
placental ultrasound abnormalities, together with other signs of placental dysfunction 
(such as hypertension, proteinuria) can help to differentiate placental syndrome from other 
diseases and provide accurate care to the pregnant woman. We believe it is important 
to screen the placenta thoroughly for abnormalities that could trigger the clinician to 
institute intensive follow-up during gestation. 



Chapter 7

184

REFERENCES

1. Pijnenborg, R., L. Vercruysse, and M. Hanssens, The uterine spiral arteries in human pregnancy: 
facts and controversies. Placenta, 2006. 27(9-10): p. 939-58.

2. Red-Horse, K., et al., Trophoblast differentiation during embryo implantation and formation of 
the maternal-fetal interface. J Clin Invest, 2004. 114(6): p. 744-54.

3. Maltepe, E. and S.J. Fisher, Placenta: the forgotten organ. Annu Rev Cell Dev Biol, 2015. 31: p. 523-52.
4. Brosens, I., et al., The “Great Obstetrical Syndromes” are associated with disorders of deep 

placentation. Am J Obstet Gynecol, 2011. 204(3): p. 193-201.
5. Whittle, W., et al., Ultrasound detection of placental insufficiency in women with ‘unexplained’ 

abnormal maternal serum screening results. Clin Genet, 2006. 69(2): p. 97-104.
6. Schiffer, V., et al., The association between first trimester placental biomarkers and placental 

lesions of maternal vascular malperfusion. Placenta, 2020. 103: p. 206-213.
7. Abramowicz, J.S. and E. Sheiner, Ultrasound of the placenta: a systematic approach. Part I: Imaging. 

Placenta, 2008. 29(3): p. 225-40.
8. Fadl, S., et al., Placental Imaging: Normal Appearance with Review of Pathologic Findings. 

Radiographics, 2017. 37(3): p. 979-998.
9. Sau, A., P. Seed, and K. Langford, Intraobserver and interobserver variation in the sonographic 

grading of placental maturity. Ultrasound Obstet Gynecol, 2004. 23(4): p. 374-7.
10. Ashlee van Haren, V.S., Lisa De Cubber, Judith Bons, Sander van Kuijk, Salwan Al-Nasiry. , 

Examination of the antepartum placenta in pregnancies complicated by placental insufficiency: 
a systematic review and meta-analysis. PROSPERO 2020 CRD42020212238 Available from: https://
www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020212238. 2020.

11. Shamseer, L., et al., Preferred reporting items for systematic review and meta-analysis protocols 
(PRISMA-P) 2015: elaboration and explanation. Bmj, 2015. 350: p. g7647.

12. Lee J, et al., Quality Assessment of Prognostic Accuracy Studies (QUAPAS): an extension of the 
Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool for systematic reviews of 
prognostic test accuracy studies . in Abstracts of the 26th Cochrane Colloquium, Santiago, Chile. 
Cochrane Database of Systematic Reviews 2020;(1 Suppl 1). 2020.

13. Whiting, P.F., et al., QUADAS-2: a revised tool for the quality assessment of diagnostic accuracy 
studies. Ann Intern Med, 2011. 155(8): p. 529-36.

14. Hozo, S.P., B. Djulbegovic, and I. Hozo, Estimating the mean and variance from the median, range, 
and the size of a sample. BMC Med Res Methodol, 2005. 5: p. 13.

15. WebPlotDigitizer. 2020; Available from: https://automeris.io/WebPlotDigitizer/.
16. Elchalal, U., et al., Sonographically thick placenta: a marker for increased perinatal risk--a 

prospective cross-sectional study. Placenta, 2000. 21(2-3): p. 268-72.
17. Wan Masliza, W.D., et al., Sonographically abnormal placenta: an association with an increased 

risk poor pregnancy outcomes. Clin Ter, 2017. 168(5): p. e283-e289.
18. Suzuki, S., Antenatal screening for circumvallate placenta. J Med Ultrason (2001), 2008. 35(2): p. 

71-3.
19. Grannum, P.A., R.L. Berkowitz, and J.C. Hobbins, The ultrasonic changes in the maturing placenta 

and their relation to fetal pulmonic maturity. Am J Obstet Gynecol, 1979. 133(8): p. 915-22.
20. Chen, K.H., L.R. Chen, and Y.H. Lee, Exploring the relationship between preterm placental 

calcification and adverse maternal and fetal outcome. Ultrasound Obstet Gynecol, 2011. 37(3): p. 
328-34.



Ultrasound evaluation of the placenta: a review

185

7

21. Barati, M., et al., Relationship Between Placental Calcification and Estimated Fetal Weight 
Percentile at 30-34 Weeks of Pregnancy.

22. Chitlange, S.M., et al., Ultrasonographically observed preterm grade III placenta and perinatal 
outcome. Int J Gynaecol Obstet, 1990. 31(4): p. 325-8.

23. Cooley, S.M., et al., The impact of ultrasonographic placental architecture on antenatal course, 
labor and delivery in a low-risk primigravid population. J Matern Fetal Neonatal Med, 2011. 24(3): 
p. 493-7.

24. Geerts, L., et al., Placental insufficiency among high-risk pregnancies with a normal umbilical 
artery resistance index after 32weeks. Int J Gynaecol Obstet, 2016. 135(1): p. 38-42.

25. Jamal, A., et al., Is preterm placental calcification related to adverse maternal and foetal outcome? 
J Obstet Gynaecol, 2017. 37(5): p. 605-609.

26. Hopper, K.D., et al., A reevaluation of placental grading and its clinical significance. J Ultrasound 
Med, 1984. 3(6): p. 261-6.

27. McKenna, D., et al., Ultrasonic evidence of placental calcification at 36 weeks’ gestation: maternal 
and fetal outcomes. Acta Obstet Gynecol Scand, 2005. 84(1): p. 7-10.

28. Moran, M.C., et al., Placental volume, vasculature and calcification in pregnancies complicated by 
pre-eclampsia and intra-uterine growth restriction. Eur J Obstet Gynecol Reprod Biol, 2015. 195: 
p. 12-7.

29. Reis, N.S., et al., Placental lakes on sonographic examination: correlation with obstetric outcome 
and pathologic findings. J Clin Ultrasound, 2005. 33(2): p. 67-71.

30. Suri, S., S. Muttukrishna, and E. Jauniaux, 2D-Ultrasound and endocrinologic evaluation of 
placentation in early pregnancy and its relationship to fetal birthweight in normal pregnancies 
and pre-eclampsia. Placenta, 2013. 34(9): p. 745-50.

31. Thompson, M.O., et al., Are placental lakes of any clinical significance? Placenta, 2002. 23(8-9): p. 
685-90.

32. Vachon-Marceau, C., et al., First-trimester placental thickness and the risk of preeclampsia or 
SGA. Placenta, 2017. 57: p. 123-128.

33. Vosmar, M.B., H.W. Jongsma, and P.W. van Dongen, The value of ultrasonic placental grading: no 
correlation with intrauterine growth retardation or with maternal smoking. J Perinat Med, 1989. 
17(2): p. 137-43.

34. Agrawal, V. and S. Jain, Placental grading and its correlation with foetal outcome. Hypertension, 
2000. 40: p. 32.

35. Baldassarre, R.L., et al., Placental Sonolucencies in the First Trimester: Incidence and Clinical 
Significance. Ultrasound Q, 2016. 32(1): p. 43-6.

36. Clair, M.R., et al., Placental grading in the complicated or high-risk pregnancy. J Ultrasound Med, 
1983. 2(7): p. 297-301.

37. Miller, J.M., Jr., et al., The relationship of placental grade to fetal size and growth at term. Am J 
Perinatol, 1988. 5(1): p. 19-21.

38. Raio, L., et al., The thick heterogeneous (jellylike) placenta: a strong predictor of adverse pregnancy 
outcome. Prenat Diagn, 2004. 24(3): p. 182-8.

39. Walter, A., et al., Early sonographic evaluation of the placenta in cases with IUGR: a pilot study. 
Arch Gynecol Obstet, 2020. 302(2): p. 337-343.

40. Dudley, N.J., D.G. Fagan, and M.P. Lamb, Short communication: ultrasonographic placental grade 
and thickness: associations with early delivery and low birthweight. Br J Radiol, 1993. 66(782): p. 
175-7.



Chapter 7

186

41. Jauniaux, E., B. Ramsay, and S. Campbell, Ultrasonographic investigation of placental morphologic 
characteristics and size during the second trimester of pregnancy. Am J Obstet Gynecol, 1994. 
170(1 Pt 1): p. 130-7.

42. Patterson, R.M., R.H. Hayashi, and D. Cavazos, Ultrasonographically observed early placental 
maturation and perinatal outcome. Am J Obstet Gynecol, 1983. 147(7): p. 773-7.

43. David, A.L. and E. Jauniaux, Ultrasound and endocrinological markers of first trimester placentation 
and subsequent fetal size. Placenta, 2016. 40: p. 29-33.

44. Walker, M.G., et al., Sonographic maturation of the placenta at 30 to 34 weeks is not associated 
with second trimester markers of placental insufficiency in low-risk pregnancies. J Obstet 
Gynaecol Can, 2010. 32(12): p. 1134-1139.

45. Brown, M.A., et al., The classification and diagnosis of the hypertensive disorders of pregnancy: 
statement from the International Society for the Study of Hypertension in Pregnancy (ISSHP). 
Hypertens Pregnancy, 2001. 20(1): p. Ix-xiv.

46. Gudmundsson, S., M. Dubiel, and P. Sladkevicius, Placental morphologic and functional imaging 
in high-risk pregnancies. Semin Perinatol, 2009. 33(4): p. 270-80.

47. Jansen, C., et al., Follow-up ultrasound in second-trimester low-positioned anterior and posterior 
placentae: prospective cohort study. Ultrasound Obstet Gynecol, 2020. 56(5): p. 725-731.

48. Lee, A.J., M. Bethune, and R.J. Hiscock, Placental thickness in the second trimester: a pilot study 
to determine the normal range. J Ultrasound Med, 2012. 31(2): p. 213-8.

49. Hamidi, O.P., et al., Placental thickness on ultrasound and neonatal birthweight. J Perinat Med, 
2019. 47(3): p. 331-334.

50. Shirley, I.M., B.A. Richards, and R.H. Ward, Ultrasound diagnosis of hydrops fetalis due to fetal 
tachycardia. Br J Radiol, 1981. 54(645): p. 815-7.

51. Burton, G.J., et al., Rheological and physiological consequences of conversion of the maternal 
spiral arteries for uteroplacental blood flow during human pregnancy. Placenta, 2009. 30(6): p. 
473-82.

52. Moran, M. and F.M. McAuliffe, Imaging and assessment of placental function. J Clin Ultrasound, 
2011. 39(7): p. 390-8.

53. Kofinas, A., G. Kofinas, and V. Sutija, The role of second trimester ultrasound in the diagnosis of 
placental hypoechoic lesions leading to poor pregnancy outcome. J Matern Fetal Neonatal Med, 
2007. 20(12): p. 859-66.

54. Viero, S., et al., Prognostic value of placental ultrasound in pregnancies complicated by absent 
end-diastolic flow velocity in the umbilical arteries. Placenta, 2004. 25(8-9): p. 735-41.

55. Ridder, A., et al., Preeclampsia: The Relationship between Uterine Artery Blood Flow and 
Trophoblast Function. Int J Mol Sci, 2019. 20(13).

56. Mirza, F.G., et al., To ignore or not to ignore placental calcifications on prenatal ultrasound: a 
systematic review and meta-analysis. The Journal of Maternal-Fetal & Neonatal Medicine, 2018. 
31(6): p. 797-804.

57. Fisher, C.C., W. Garrett, and G. Kossoff, Placental aging monitored by gray scale echography. Am J 
Obstet Gynecol, 1976. 124(5): p. 483-8.

58. Mlynarczyk, M., et al., The clinical significance of an estimated fetal weight below the 10th 
percentile: a comparison of outcomes of <5th vs 5th-9th percentile. Am J Obstet Gynecol, 2017. 
217(2): p. 198 e1-198 e11.



Ultrasound evaluation of the placenta: a review

187

7

ADDITIONAL FIGURES/TABLES*

Table S1. Search strategy in databases Pubmed, Embase and Cochrane.

Pubmed search strategy (24-09-2020)

# Searches Results

#1 Placental insufficiency [MESH] 1647

#2 Placental insufficiency [tiab] OR placental syndrome [tiab] OR placenta 
dysfunction [tiab] 1916

#3 #1 OR #2 2812

#4 Fetal growth retardation [MeSH Terms] OR Infant, small for gestational age 
[MeSH Terms] OR Hypertension, pregnancy induced [MeSH Terms] OR Abruptio 
placentae [MeSH Terms] OR Fetal membranes, premature rupture [MeSH Terms] 
OR premature birth [MeSH Terms] 75421

#5 Fetal growth retardation [tiab] OR FGR [tiab] OR intrauterine growth restriction 
[tiab] OR IUGR [tiab] OR small for gestational age [tiab] OR SGA [tiab] OR pre 
eclampsia [tiab] OR Pregnancy induced hypertension [tiab] OR PIH [tiab] OR 
premature premature rupture [tiab] OR PPROM [tiab] OR Abruptio placentae 
[tiab] OR premature birth [tiab] 47959

#6 #4 OR #5 97170

#7 “Placenta, Diagnostic Imaging” [MESH] OR “Ultrasonography, Prenatal” [MESH] 40119

#8 Placenta ultrasonography [tiab] OR Prenatal ultrasonography [tiab] OR 
Placenta ultrasound [tiab] OR obstetric ultrasound [tiab] OR Placenta imaging 
[tiab] 6460

#9 Placenta characteristic* [tiab] OR Placenta structure* [tiab] OR Placenta 
measurement* [tiab] OR Placenta thickness [tiab] OR Placental lake* [tiab] OR 
Placenta calcification* [tiab] 7658

#10 #7 OR #8 OR #9 48615 

#11 “Pregnancy”[MESH] 897875

#12 Pregnancy* [tiab] 409484

#13 #11 OR #12 981145

#14 #3 AND #6 AND #10 AND #13 385
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Table S1. Continued.

#14: ((((Placental insufficiency[MeSH Terms]) OR (((Placental insufficiency[Title/
Abstract]) OR (Placental syndrome[Title/Abstract])) OR (placenta 
dysfunction[Title/Abstract]))) AND (((((((Fetal growth retardation[MeSH 
Terms]) OR (infant, small for gestational age[MeSH Terms])) OR (Hypertension, 
pregnancy induced[MeSH Terms])) OR (abruptio placentae[MeSH Terms])) 
OR (fetal membranes, premature rupture[MeSH Terms])) OR (premature 
birth[MeSH Terms])) OR (((((((((((((Fetal growth retardation[Title/Abstract]) 
OR (FGR[Title/Abstract])) OR (Intrauterine growth restriction[Title/Abstract])) 
OR (IUGR[Title/Abstract])) OR (Small for gestational age[Title/Abstract])) 
OR (SGA[Title/Abstract])) OR (pre eclampsia[Title/Abstract])) OR (Pregnancy 
induced hypertension[Title/Abstract])) OR (PIH[Title/Abstract])) OR (Premature 
premature rupture[Title/Abstract])) OR (PPROM[Title/Abstract])) OR 
(abruptio placentae[Title/Abstract])) OR (premature birth[Title/Abstract])))) 
AND ((((Placenta, diagnostic imaging[MeSH Terms]) OR (Ultrasonography, 
prenatal[MeSH Terms])) OR (((((Placenta ultrasonography[Title/Abstract]) OR 
(Prenatal ultrasonography[Title/Abstract])) OR (placenta ultrasound[Title/
Abstract])) OR (Obstetric ultrasound[Title/Abstract])) OR (Placenta 
imaging[Title/Abstract]))) OR ((((((Placenta characteristic*[Title/Abstract]) 
OR (Placenta structure*[Title/Abstract])) OR (Placenta measurement*[Title/
Abstract])) OR (Placenta thickness[Title/Abstract])) OR (Placental lake*[Title/
Abstract])) OR (Placenta calcification*[Title/Abstract])))) AND ((Pregnancy[MeSH 
Terms]) OR (Pregnancy[Title/Abstract]))

EMBASE search strategy 

Database: EMBASE 1974 to 2020 Week 38 

# Searches Results

#1 exp placenta disorder/ 27043

#2 (Placenta diseases or placental insufficiency or placental syndrome or placenta 
dysfunction or placenta abnormalities).ab,ti,kw.

3135

#3 #1 OR #2 27929

#4 exp intrauterine growth retardation/ or exp small for date infant/ or exp 
preeclampsia/ or exp maternal hypertension/ or exp solutio placentae/ or exp 
premature fetus membrane rupture/ or exp prematurity/ 

201999

#5 (fetal growth retardation or FGR or intrauterine growth restriction or IUGR 
or small for gestational age or SGA or pre-eclampsia or pregnancy induced 
hypertension or PIH or preterm premature rupture of fetal membranes or 
PPROM or placenta abruption or premature birth or placenta).ab,ti,kw 

129137

#6 #4 OR #5 276488

#7 Exp fetus echography/ 25951

#8 (Placenta imaging or Placenta ultrasonography or Placenta ultrasound or 
prenatal ultrasonography or obstetric ultrasound).ab,ti,kw.

2251
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Table S1. Continued.

#9 (Placenta characteristic* or Placenta structure* or Placenta measurement* or 
Placenta thickness or Placental lake* or Placenta calcification*).ab,ti,kw.

102

#10 #7 or #8 or #9 27279

#11 exp pregnancy/ or exp high risk pregnancy/ 672966

#12 (Pregnancy).ab,ti,kw. 502534

#13 #11 or #12 833076

#14 #3 AND #6 AND #10 AND #13 695

#15 Limit #14 to EMBASE 499

#15: 
Limiter: Embase (records indexed by Embase and are Elsevier copyrighted; this records may also 
have been indexed separately by MEDLINE)

Cochrane search strategy (24-09-2020)

# Searches Results

#1 (Placenta disease* or placental insufficiency or placental syndrome or placenta 
dysfunction):ti,ab,kw

872

#2 (fetal growth retardation or FGR or intrauterine growth restriction or IUGR 
or small for gestational age or SGA or pre-eclampsia or pregnancy induced 
hypertension or PIH or preterm premature rupture of fetal membranes or 
PPROM or placenta abruption or premature birth):ti,ab,kw

11239

#3 (Placenta imaging or Placenta ultrasonography or Placenta ultrasound or 
Prenatal ultrasonography or obstetric ultrasound):ti,ab,kw

1180

#4 (Placenta characteristic* or Placenta structure* or Placenta measurement* or 
Placenta thickness or Placental lake* or Placenta calcification*):ti,ab,kw.

607

#5 #3 OR #4 1673

#6 (Pregnancy):ti,ab,kw 55613

#8 #1 AND #2 AND #5 AND #6 143
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Table S2. The Quality Assessment of Prognostic Accuracy Studies (QUAPAS) tool. 

Domain Participant Recruitment Index Test Target Event Study Flow Analysis

Description Describe methods for recruiting 
participants
Describe participants (previous 
testing, presentation, intended use 
of index test, and setting)

Describe the index test (definition, 
method of measurement and 
interpretation)

Describe the target event 
(definition, method 
of measurement and 
interpretation)

Describe the time horizon 
from the index test to the 
target event
Describe any participants lost 
to follow-up
or excluded from 2x2 table

Describe the statistical 
methods

Signaling questions 
(yes, no, unclear)

Was there consecutive or random 
enrollment of participants?
Did the study avoid inappropriate 
exclusions?

Was the method and setting for 
performing the index test the same 
for all participants
If a threshold was used, was it pre-
specified?

Was the method used to 
measure the target event valid 
and reliable?
Was the method used to 
measure the target event the 
same for all participants?
Was the target event 
measured without knowledge 
of the index test results?

Was information on the 
target event available for all 
participants?
Is the loss to follow up related 
to the test result?

Were methods used to 
account for censoring? 
Was the statistical method 
appropriate for the design of 
the study?
Were methods used to 
account for competing events?

Risk of bias (high, 
low, unclear)

Could the selection of participants 
have introduced bias?

Could the conduct or interpretation 
of the index test have introduced 
bias?

Could measurement of the 
target event have introduced 
bias?

Could the study flow have 
introduced bias?

Could the analysis have 
introduced bias?

Concerns about 
applicability (high, 
low, unclear)

Are there concerns that the 
participants do not match the 
review question?

Are there concerns that the 
index test, its conduct, or its 
interpretation differ from the review 
question?

Are there concerns that the 
target event does not match 
the review question?

Are there concerns that the 
time horizon does not match 
the review question?
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GENERAL DISCUSSION

This thesis provides new insights into the placental function and its circulation in both 
healthy and complicated pregnancies. In this chapter, we explain the adaptation of the 
utero-placental circulation as a function of age of pregnancy, we discuss maladaptation of 
the utero-placental circulation resulting in hypertensive pregnancy and we continue the 
discussion about different measures to study placental function. In addition, we elaborate 
on the practical difficulties we face in daily practice, because of the interactive relationship 
between clinical symptoms, placental biomarkers, placental ultrasound measurements 
and placental pathology. Lastly, we discuss the role of the placenta in relation to other 
contributing systems during pregnancy and future perspectives.
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ADAPTATION TO PREGNANCY

Hemodynamic adaptation
As soon as the embryo attaches to the uterine wall, the female body will start to undergo 
extensive adaptive changes. The earliest physiological changes in response to pregnancy 
are a fall in vascular resistance and a compensatory rise in cardiac output and plasma 
volume, resulting in a high-flow and low-resistance circulation (1). 

Next to these central haemodynamic adjustments, important local uterine changes will 
occur. It is generally known that uterine blood flow increases during pregnancy as a 
result of an initial drop in vascular resistance of the downstream vascular bed of the 
uterine arteries. The lower resistance seems to be the resultant of increased sensitivity 
and presence of vasodilator stimuli amongst nitric oxide, prostaglandins and relaxin and 
reduced vascular reactivity to vasoconstrictor amongst norepinephrine and angiotensin 
II (2, 3). The progressive increase in uterine blood flow is considered to facilitate growth 
and outward hypertrophic remodelling of the uterine arteries, through which an elevated 
amount of blood can flow without a concomitant rise in wall shear stress (4, 5). 

In humans, it is believed that this hemodynamic adaptation to pregnancy occurs early on 
in the 6th week of pregnancy (6). However, previous studies on hemodynamic changes often 
start at the end of the first trimester, barely taking into account the pre-conceptional or the 
postpartum stage in their analyses. In practice, inclusion of pregnancies into a study often 
takes place after a first ultrasound scan to check viability of the foetus at around 6 weeks 
of gestation. Therefore, most studies do not visualize the entire functional adaptation 
process. Although the physiological changes during first, second and third trimester are 
undoubtedly interesting, it is the change from a non-pregnant to pregnant state and 
the other way around that could provide extra information on understanding the entire 
adaptation process that takes place during human reproduction. Also, previous studies 
on hemodynamic changes did not stratify their data by pregnancy outcome, making it 
hard to define ‘normal healthy changes’ and translate these data into clinical decision 
making. To overcome these problems, we systematically reviewed the available literature 
before, during and after gestation in both healthy and complicated pregnancies, in order 
to describe the entire adaptation process of the utero-placental circulation. We will discuss 
our results in the next paragraphs. 

Adaptation of the uterine arteries
As part of a large series of meta-analyses on physiological and pathophysiological 
adaptation of relevant indices in pregnancy, we aimed to visualize the adaptation process 
of uterine arteries. Our meta-analysis on uterine artery Doppler resistance indices showed 
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a progressive decrease over time, in which the drop in resistance from pre-conceptional 
stage to the first weeks of pregnancy was the most prominent. After delivery (6-8 weeks 
postpartum), we observed that the average uterine artery pulsatility and resistance indices 
(PI, RI) regressed to their pre-pregnancy values. 

 
Figure 1. Schematic presentation of uterine and (close-up) placental vasculature in the pregnant 
state. Trophoblasts (green) will invade into the wall of the spiral arteries. Anatomy is not drawn 
to scale. 

When Doppler sonography was introduced to measure blood flow, researchers concluded 
that the amplitude of the pulsatile blood flow velocity was dependent on the angle of 
insonation. Therefore, several angle-independent Doppler indices were defined, of which 
the PI and RI became the most popular (7, 8). The PI is derived from the systolic, diastolic 
and mean blood flow velocity in a given vessel during a defined cardiac cycle, whereas the 
RI is derived from the systolic and diastolic blood flow velocity. The value of the RI is lower 
compared to the PI, explained by the higher value of the denominator (= systolic blood flow, 
instead of mean blood flow as with calculation of the PI). In practice, the PI is commonly 
viewed upon as the resistance in the vascular system, although we believe the peripheral 
vascular resistance is better reflected by the RI and that PI more mirrors compliance (9). 
Due to the rapid disappearance of the utero-placental network after delivery, an abrupt 
rise in resistance (i.e. RI) in the uterine artery will occur. In parallel, but apparently much 
more gradual, tone and compliance (i.e. PI) of the vessels will transform at a lower pace 
back to its pre-pregnancy state, as observed in our results. 
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We calculated and visualized the pooled means of uterine artery Doppler indices before, 
during and after healthy and hypertensive gestation. Although our meta-analysis was 
based on studies contributing mostly cross-sectional measurements, the results provide 
promising insight into the entire adaptation process of the uterine arteries as a function 
of pregnancy. Furthermore, we found that in women with hypertensive pregnancies the 
uterine artery Doppler indices do show a decrease during pregnancy; however, they are 
consistently higher compared to their healthy counterparts. This finding is already present 
during early gestation, supporting the theory that the adaptation process in hypertensive 
pregnancies is suboptimal but not absent. In contrast to miscarriage, hypertensive 
pregnancies do not show failure of endovascular invasion but an inability to invade to 
the appropriate depth (10). 

There is also evidence that the non-pregnant resistance in uterine arteries may be related 
to developing pregnancy complications (11). The higher the non-pregnant resistance, the 
higher the effort needed to establish adequate adaptation in order to create a lower 
resistance in the uterine arteries and an optimal utero-placental circulation. It is therefore 
not remarkable that the presence of a pre-conceptional abnormal uterine artery Doppler 
measurement is associated with recurrent miscarriage (12). 

Adaptation of the spiral arteries
Non-invasively measuring spiral artery resistance using Doppler indices is a technique that 
has gained limited attention during the past decade. In our systematic review and meta-
analysis on spiral artery Doppler indices we observed that PI and RI show a decrease from 
the first towards the second trimester that is in line with the physiological trophoblast 
invasion completed in the midst of second trimester. Higher average PI and RI were found 
in hypertensive pregnancies, possibly reflecting suboptimal utero-placental circulation. 

Spiral arteries supply the endometrial stroma and glands during the luteal phase of the 
menstrual cycle, to create an optimal environment in preparation for implantation by 
the blastocyst. Despite its name, the spiral artery does not spiral around its own axis 
but instead follows a tortuous course which gives the impression of spiralling in some 
histological sections (13). If implantation fails, the endometrium is shed during the 
subsequent menstruation and the upper part of the spiral artery contracts to limit blood 
loss (14). 

During pregnancy, both the decidual and myometrial portion of the spiral arteries and the 
distal part of the radial arteries are subject to physiologic transformations. Endothelial cells 
release chemokines that activate the recruitment of trophoblast and natural killer cells to 
the spiral arteries. Endovascular trophoblasts then use cell surface proteins and various 
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chemokine receptors to migrate across the endothelial cell layer. As a result of endothelial 
apoptosis, endovascular trophoblasts start to replace the endothelial cells as the lining 
of the lumen within the spiral arteries (15). Extravillous trophoblasts start to invade the 
decidua at 5 weeks of gestation and they migrate towards the myometrial portion of 
the arteries by 14 weeks of gestation. Extravillous trophoblasts can also participate in 
remodelling the vessel lumen, similar to endovascular trophoblasts (13). Natural killer 
cells initiate the breakdown of vascular extracellular matrix that is replaced by fibrinoid, 
creating passive, expanded channels that lack elastic recoil (16). Spiral arteries are 
plugged with cytotrophoblasts to prevent the placenta against oxidative stress. In healthy 
pregnancy, the exact timing of maternal blood flowing into the placenta is unknown and 
estimates vary among literature. It is assumed that around 10-12 weeks after implantation, 
the formed trophoblast plug has loosened sufficiently to allow continuous maternal blood 
flow into the intervillous space. However, several studies report earlier onset of flow into 
the placenta, detected by Doppler ultrasound. The studies from Roberts et al. confirm 
that pathways for blood flow may exist within plugs that allow some flow from 6 weeks 
of gestation onwards, however, this does not lead to significant increase in the influx of 
blood until week 13 (17, 18). 

Insufficient trophoblast invasion and spiral artery remodelling contributes to development 
of a complicated pregnancy. The major differences between normal and abnormal vascular 
remodelling are the depth of the trophoblast invasion and the number of converted 
spiral arteries. Deficient trophoblastic invasion of the spiral arteries leads to a resultant 
reduction in vessel remodelling preventing the arteries from achieving maximum dilation 
and dispensability. The presence of smooth muscle cells in non-remodelled spiral arteries 
may lead to intermittent placental perfusion and fluctuating oxygen levels (19). Besides, 
due to the absence of adequate trophoblast plug formation, high-oxygenated blood flows 
into the placenta during very early gestation, inducing oxidative stress and villous damage. 
When pregnancy progresses, hypoxia-reperfusion-type injuries to the placenta stimulate 
an increase in the release of material from the syncytiotrophoblast that is capable of 
activating the maternal endothelium. It is unclear why some pregnant women are able to 
tolerate and clear this placental debris better than others. Maternal clearance, the volume 
and nature of this placenta debris as well as the sensitivity of the placenta to damage 
and maternal systemic sensitivity to inflammatory effects may play an important role in 
the development, onset and severity of pregnancy complications (16, 20). Furthermore, 
Zhou et al. demonstrated an absence of a vascular adhesion phenotype on the surface 
of trophoblast cells in preeclamptic placenta (21). Other studies emphasize the role 
of the immune system, not only in tolerating the foreign foetal antigens, but also in 
regulating trophoblast invasion and vascular growth through the release of chemokines, 
metalloproteinases and angiogenic factors (13, 20).
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Deurloo et al. have shown that uterine artery Doppler measurements are a reflection of 
changes in the spiral arteries that occur during placentation (22). Adaptation of the spiral 
arteries, should therefore lead to adaptation in uterine flow wave forms of the uterine 
arteries. However, case reports describing abdominal or extra uterine pregnancies, in which 
the placenta is implanted outside the uterus, show low-resistance uterine waveforms 
while complete spiral artery transformation is unlikely (23, 24). These findings confirm that 
observed adaptation in uterine artery Doppler indices is not only a direct consequence 
of trophoblast invasion, and that the effect of vasodilator compounds may play a bigger 
role than thought before (16, 25). At any rate, regardless of the correlation between uterine 
and spiral artery Doppler indices, it is assumed that measuring downstream resistance in 
the spiral arteries instead of the upstream uterine arteries may better reflect the nature 
of the pathological process underlying placenta insufficiency.

Few studies have investigated spiral artery Doppler indices in complicated pregnancies, 
and our observed differences between healthy and complicated pregnancies are 
primarily based on first trimester measurements. The first-to-second trimester change 
in resistance might be the pivot between healthy and complicated pregnancies, but 
more longitudinal studies on spiral artery Doppler indices are needed to conclude that 
measuring these arteries could have a potential role in detecting endangered gestations. 
Furthermore, because of the broad differences in individual spiral artery flow velocity, 
intra- and inter class correlation is presumably lower in spiral artery measurement 
compared to the reproducibility in two, clearly defined uterine arteries (22). Apparent 
protocols that provide information on how and where to measure spiral artery flow are 
yet to be developed. 

Placental adaptation 
After delivery, the placenta is highly accessible for examination. However, during pregnancy, 
this organ is hard to study given its well-protected location to the wall of the uterus and 
the risk for the developing foetus. Half a century ago, the first ultrasound studies were 
published to analyse the placenta during gestation. Although the ultrasound machines 
have become much more advanced and it is generally accepted that the placenta has a 
major role during pregnancy, the organ is often overlooked during a routine ultrasound 
scan (26). 

As part of this thesis, we aimed to investigate to what extend the placenta was assessed in 
one of the academic hospitals in Netherlands. We created a questionnaire about placental 
ultrasonography that was send to gynaecologists, residents, sonographers and clinical 
midwifes. Based on our results, we can conclude there are three main factors contributing 
to limited assessment of the placenta. First, the experience with and exposure to placental 
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ultrasonography has a great influence on the way the placenta is assessed. Second, the 
time alotted for consultation affected the extensiveness of the ultrasound scan. Third, the 
sonographers’ view upon the clinical significance of placental appearance contributes to 
the individual assessment of the placenta. 

This last point initiates a discussion on the estimated value of an abnormal placenta in 
relation to pregnancy outcome. Since the placenta is the principal organ that provides all 
nutrients to the growing foetus, it is assumable to think that abnormalities in this organ 
develop prior to the expression of a clinical disease, amongst which foetal growth restriction. 
The use of ultrasound scanning offers a non-invasive, highly accessible technique for the 
evaluation of placental abnormalities. However, based on the small number of studies 
that could be included in our systematic review, we observed that there is still limited 
knowledge of the relationship between abnormal placental ultrasonography and pregnancy 
outcome. Unfortunately, there are no placental ultrasound studies reporting positive or 
negative predictive values in relation to placental syndrome, making it hard to give a concise 
answer to the question ‘what is the estimated value of an abnormal placental ultrasound’ in 
clinical practice. Additional research is needed to investigate the predictive value of placental 
abnormalities on ultrasound, especially in a low-risk population.

Nonetheless, we aimed to summarize the available data on placental ultrasound in both 
healthy and complicated pregnancies. Although there were only few studies reporting 
abnormal placental thickness (no uniform definition), we concluded that this finding was 
more common in pregnancies with preeclampsia and/or intra uterine growth restriction. 
For example, in the second trimester, reported placental thickness in placental syndrome 
pregnancies ranged from 33-55 mm compared to 25 mm in a reference group. In addition, 
a higher amount of placental lakes (up to 71%) and grade 3 calcifications before 36 weeks 
of gestation (up to 100%) were associated with complicated pregnancies. Given the 
heterogeneity between the studies due to different definitions of placental abnormalities, 
it is impossible to pool these data into a single odds ratio or relative risk. Nonetheless, 
Cooley et al. conclude that the presence of echogenic cystic lesions (ECL) is statistically 
significantly higher in pregnancies with preeclampsia compared to pregnancies without 
preeclampsia (8.5% vs 3.3%, p=0.0025) (27). Agrawal et al. concluded that at 29 weeks of 
gestation, 40% of pregnancies complicated by foetal growth restriction show a grade 3 
calcification, compared to 0% in an uncomplicated group (28). These findings suggest that 
placental ultrasound abnormalities should be taken into account together with other signs 
of placental insufficiency (such as hypertension, proteinuria) and can help in differentiating 
a placental problem from other causes. Therefore, we believe it is important to screen the 
placenta thoroughly for abnormalities that could trigger the clinician to institute a more 
intensive follow-up during gestation. 
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When starting to assess the placenta, one must be able to distinguish normal appearance 
from abnormal. Beside the general statement that the placenta can be seen as a 
homogeneous, discoid-shape organ, little is known about other placental appearances 
during different gestational ages. Based on our results of the questionnaire, we concluded 
that only the most abnormal placental appearances (for example, a massive placental lake 
or placental calcifications Grannum grade 3) are recognized as such. The difficulty does 
not seem to rely upon recognizing the most abnormal cases, but recognizing the cases 
that were not completely normal (for example smaller lakes or placental calcifications 
Grannum grade 2). Translating these results into clinical practice, the milder cases of 
placental abnormalities are the ones most likely to be missed. However, it is this group of 
patients with mild abnormalities and no clinical symptoms yet, that could possibly benefit 
from preventive interventions.

If the clinician intends to evaluate the placenta in more detail, we suggest to implement 1) 
a standardized protocol for placental ultrasonography and 2) clear definitions on placental 
ultrasonographic abnormalities. Beside the 20-week-scan guidelines that recommend to 
determine the placental location and umbilical cord insertion, there are no generally-
accepted or standardised guidelines for placental ultrasonography (29). As a result, 
obstetrical caretakers are mainly focussing on the foetus, while the placenta provides 
promising information about the foetal wellbeing in an equal or even superior way. 
Therefore, we propose a protocol for placental ultrasonography in order to standardize the 
placental ultrasound examination and reduce the inter-variability in the assessment (see 
chapter 6). When the placenta is assessed in a uniform (inter-)national way, observations 
can easily be pooled and used for further research and improvement of clinical practice.
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PLACENTAL SYNDROME

Placental insufficiency is the underlying cause of a phenotype that is often referred 
to as placental syndrome. Depending on the healthcare profession that is consulted, 
placental syndrome is defined as either having a pregnancy that is complicated with 
clinical symptoms or a pregnancy with abnormal Doppler measurements or biomarker 
levels, or as a postpartum placenta showing vascular malperfusion lesions. There is no 
general acceptance of clear criteria that pregnancies have to meet to be called placental 
syndrome pregnancies and therefore the definition remains vague. In practice, there are 
multiple definitions that can fit within the placental syndrome, making it hard to pool or 
summarize literature on this specific topic. 

In most of previous literature, placental syndrome is regarded as an umbrella term covering 
several clinical phenotypes of pregnancy complications (e.g. preeclampsia and intra-
uterine growth restriction) caused by placental insufficiency. Although it is an admirable 
goal to define a homogeneous group out of complicated pregnancies with a common 
underlying placental problem, in practice we face some difficulties. 

First, the definition of pregnancy complications is often based on clinical symptoms 
that can be influenced by external factors (stress, the use of medication, technique of 
measuring symptoms). For example, preeclampsia is often based on hypertension and 
proteinuria in clinical practice. If we treat a patient with antihypertensive drugs and her 
blood pressure normalizes, will she not have preeclampsia anymore?
Second, timing of onset of symptoms plays a major role in the relationship with placental 
insufficiency. For example, late-onset preeclampsia is often described as a ‘milder’ form 
compared to early-onset preeclampsia and it is thought that in early-onset preeclampsia 
the role of placental insufficiency is much greater compared to late-onset preeclampsia 
(see chapter 8) (30). 
Third, it is known that clinical symptoms (e.g. headache, hypertension) can be variable 
among individuals and they are not always related to placental insufficiency. As confirmed 
by our biomarker study (chapter 4), uncomplicated pregnancies can have maternal vascular 
malperfusion lesions in their placenta, while some complicated pregnancies show no 
abnormal lesions (31). 

It is therefore not remarkable that previous studies focusing on measuring placental 
insufficiency, for example by placental biomarkers, show low predictive performance for 
a clinical outcome (32). All these aspects make it hard to provide appropriate care for 
pregnancies with clinical symptoms and therefore, placental syndrome expressed as a 
clinical phenotype is not favourable. In general, clinical diseases often have a dichotomous 
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outcome (ill or not ill). Placental insufficiency is an exception, given that this disease can 
be expressed as a spectrum of several outcomes (among which clinical) that are related 
to- and overlap each other. Comparable to other diseases that are titled as a syndrome, 
placental syndrome captures the interaction and often co-occurrence of several outcomes. 
Besides, these individual outcomes are not all highly sensitive or specific and could be 
false positive or – negative in relation to placental insufficiency. 

From a histological point of view, the placenta can be seen as a phenotype with signs of 
vascular damage (e.g. maternal malperfusion lesions), which in turn, may affect foetal and 
maternal failure to thrive. The great advantage of using this outcome, compared to the 
clinical phenotype in defining placental syndrome, is that it is less subjective and provides 
accurate, histological proof of vascular abnormalities. Implementing this into practice, we 
observed a strong association with biomarker values (regardless of clinical symptoms) 
and the presence of maternal vascular malperfusion in our cohort. Furthermore, we 
observed that in 32% of the women without any clinical symptoms, maternal vascular 
malperfusion lesions were present in their postpartum placenta. This emphasizes that 
by using (abnormal) clinical endpoints (e.g. hypertension, foetal growth restriction) in 
the study design, there is an ignorance of the seemingly uncomplicated pregnancies with 
severe histological lesions. 

Literature that includes histological placenta data often refers to a group of women with 
true placental insufficiency. This is considered a group of women with the highest risk 
of maternal and foetal complications, who have a combination of clinical symptoms, 
ultrasound abnormalities, abnormal biomarker levels and pathological lesions in their 
placenta. This is a rather limiting definition, which implies that all women with pathological 
lesions must have clinical symptoms, ultrasound abnormalities and abnormal biomarker 
levels (see Figure 2, upper part). In practice and based on our findings, the surface of 
overlapping outcomes of placental insufficiency seems to be different (see Figure 2, lower 
part). As was seen in our results, not all women who have maternal vascular malperfusion 
lesions in their placenta have abnormal biomarkers, or experience clinical symptoms. 
We suggest that the individual outcomes of placental insufficiency are likely to overlap 
occasionally instead of consistently.
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Figure 2, upper part; ‘true’ placental insufficiency defined as the co-occurrence of clinical symptoms, 
abnormal ultrasound measurements, abnormal biomarker levels and pathological lesions in 
previous literature. 

Lower part; our interpretation of placental insufficiency outcomes, showing occasionally, instead 
of consistently, an overlap with individual outcomes.

The term “placental insufficiency” implies that the supply of the organ is not meeting 
its demands. Two pathological pathways during pregnancy are related to an impaired 
supply: maternal vascular malperfusion in which the placental abnormalities impair 
placental transport efficiency (resulting into (early-onset) preeclampsia and/or foetal 
growth restriction) and failure of the foetal-placental vascular supply in a pregnancy 
where the maternal supply is normal (resulting into foetal growth restriction). These two 
pathways can occur as individual pathology or, in some cases, simultaneously, resulting 
in a placenta with both maternal vascular malperfusion and fetal vascular malperfusion 
lesions. However, as we discussed before, the observation of vascular histological lesions is 
not always in line with the presence of clinical symptoms. One can have multiple vascular 
lesions in her placenta, while not developing any pregnancy complications. There is a 
possibility that in those cases, the demand is perfectly matched to the supply of the 
placenta. 
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Lastly, as a result of a demand that is higher than the supply, there is a possibility of failure 
of the maternal system to pregnancy, often resulting into late-onset preeclampsia with 
normal placentation (16). 

In conclusion, histological placenta lesions are not always related to clinical symptoms, 
given that the balance between placental supply and demand varies among individuals. 
We suggest for future researchers to clearly define terms as placental syndrome and/or 
placental insufficiency and to consider both clinical and vascular damage phenotypes as 
an outcome in their studies. 
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THE PLACENTA; THE CHICKEN OR THE EGG?

The chicken or the egg question represents an ancient paradox addressing the problem 
of origins and first cause, extremely applicable on the relationship between the placenta, 
pregnancy complications and the cardiovascular status of the (soon to be) mother. Whilst 
the role of the placenta in the pathophysiology of complicated pregnancies is indisputable, 
there are several hypothesis on the exact cause that can be summarized into a causative, 
central role for the placenta or the maternal cardiovascular system. 

Previous literature focussing on the placenta as a cause discuss the following arguments;
- Given that preeclampsia is a disease that is only seen in pregnancy, and thus in the 

presence of a placenta, the placenta should have a major role in the pathophysiology. 
Besides, supporting this theory, the only definitive treatment for preeclampsia is the 
dispersal of the placenta (33). 

- Many studies support the theory that preeclampsia and/or intra-uterine growth 
restriction are caused by insufficient spiral artery remodelling. Since these spiral 
arteries are located in the decidua and drain into the intervillous space, it is the 
placenta where the first step in the development of pregnancy complications occurs 
(34). 

- The placenta is the organ that shows the most severe and irreversible damage (lesions) 
after having a complicated pregnancy. Although kidney function may be deteioriated 
during and after preeclampsia, the damage is most of the times reversible and does 
not meet the severity of the damage seen in the placenta (35). 

- There is emerging evidence that in women with a history of preeclampsia, the 
presence of decidual vasculopathy in the postpartum placenta induces a higher risk 
on cardiovascular events in later life (36). 

On the other hand, there is literature focussing on a pre-existing maternal cardiovascular 
profile that fails during a stress test (whereby pregnancy is considered a stress test). 

- A suboptimal hemodynamic profile before the pre-conceptional period is related to 
the development of (recurrent) complicated pregnancy (37, 38).

- Training the cardiovascular system can improve volume reserve, which can reduce the 
risk on recurrence of complicated pregnancy (39).

- There are many shared risk factors (obesity, hypertension, kidney disease), disease 
markers (endothelial cell dysfunction, inflammatory response) and symptoms 
(fluid retention, hypertension, headache, heart failure) between preeclampsia and 
cardiovascular diseases (40). 

- The presence of decidual vasculopathy in the placenta might be the first expression 
of an underlying vascular disease (41).
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Figure 3. Schematic overview of the relationships between the pre-conceptional, pregnancy 
and postpartum stages. A variety of pre-gestational factors can contribute to the development 
of villous placental maldevelopment or maternal vascular malperfusion (MVM) lesions. These 
pathological lesions can in turn induce a clinical phenotype (foetal growth restriction (FGR), late-
onset preeclampsia (PE) or early-onset PE and/or FGR). After a complicated pregnancy, vascular 
and metabolic changes occur in the female body and can influence maternal health (in later life). 
Maternal health, expressed as e.g. age, body mass index (BMI), co-morbidity, in turn influences the 
pre-gestation factors. 
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Despite many studies on this subject, a direct cause, or combination of causes has not 
been identified and the relationship between the pre-conceptional, pregnancy and 
postpartum stage can best be summarized as visualized in Figure 3. Abnormal vascular, 
placental, immunological adaptation or genetics can contribute to the development of 
villous placental maldevelopment lesions or maternal vascular malperfusion lesions 
and clinical symptoms as preeclampsia and foetal growth restriction. These will induce 
vascular and metabolic changes to the female body, that can influence the maternal 
healthy postpartum. With respect to a subsequent pregnancy, maternal health, including 
the co-occurrence of chronic diseases, can lead to a suboptimal pre-gestation profile 
that increases the risk of an abnormal adaptation process during pregnancy. Besides, 
the vascular and metabolic changes after complicated pregnancy, increases the risk of 
cardiovascular disease in later life. 

It is not remarkable that Aristotle concluded that the question ‘chicken or egg’ should be 
regarded as an infinite sequence, with no true origin. We can conclude that it is important to 
not just consider the various components that contribute to the disease state individually, 
but to be aware that this is a condition that involves numerous and constant interactions 
between the placental, immunological and cardiovascular system. 
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PREVENTION IS BETTER THAN CURE

As far as we know, the only cure for preeclampsia (as exemplary of placental syndrome) is 
giving birth to the diseased placenta. Previous trials on pharmacological therapies, except for 
the use of aspirin (42), have been largely ineffective in the prevention and cure of placental 
syndrome. This is possibly caused by the fact that placental syndrome phenotypes encounter 
both problems in placentation and maternal vascular system. 

It is known that women with a history of preeclampsia, preterm birth and foetal growth 
restriction have an increased risk of the early development of cardiovascular disease (43). 
Although the exact mechanisms are yet to be elucidated, it is believed that aberrancies in 
the maternal vessels of the placenta and subsequent damage to the placental parenchyma 
consistent with hypoxic/ischemic or oxidative injury (= MVM lesions) may play a large role in 
the elevated risk for early cardiovascular disease (CVD). More specific, decidual vasculopathy, 
a collective term of lesions that directly involve the maternal vascular supply to the placenta, 
may provide the most direct and compelling evidence that a mother’s vasculature may be 
abnormal and therefore susceptible to CVD (36). This leads to the thought that pregnancy 
is a stress test for cardiovascular risk that may separate high- and low-risk women in a 
more superior way compared to risk calculation based on pre-conceptional risk factors (e.g. 
blood pressure, obesity) (44). MVM lesions may represent perhaps the earliest evidence of 
cardiovascular risk in postpartum women and the placenta is the organ that provides this 
information in an efficient, cost-effective and highly accessible way. This emphasizes that the 
placenta could play a larger role in obstetrical preventive medicine than it does nowadays. 

Pregnancy and delivery of the important placenta occurs early enough in a women’s life course 
to offer a significant meaningful attribution to preventive measures (e.g. lifestyle interventions 
or antihypertensive drugs/statins) in order to reduce the risk of CVD. Further research should 
be focussing on standardization of placental histology evaluations, the degree of placental 
abnormalities in relation to maternal health and development of novel imaging techniques to 
understand impairments in placental perfusion (45). Understanding the individual pathways 
that link placental abnormalities to maternal future health creates new options for both 
prevention and treatment that can be initiated soon after pregnancy (46).

Given the variety in individual causes and expressions in women with a history of complicated 
pregnancy, there are great difficulties for general practitioners, cardiologists and gynaecologists 
to determine the exact timing and type of CVD screening. Health organisations are carefully 
starting to incorporate the knowledge of an increased CVD risk after complicated pregnancy 
into their clinical guidelines and risk calculators, however there are still some knowledge gaps 
that we would like to discuss. 
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First, male and female expression of clinical diseases is not identical. In general, male 
symptoms dominate the medical textbooks and guidelines, leading to a large portion of 
missed diagnoses in women and a subsequent higher risk on female mortality due to 
inadequate care.
Second, as a result, reference curves to classify a person as ‘ill’ or ‘not ill’ are mostly based 
on a predominantly older male study population. Since the group of women that we need 
to screen for future cardiovascular events is relatively young (soon after childbearing 
age), the available reference curves are not applicable, leading to a delay in preventive 
treatment. 
Third, reference curves do not incorporate the pre-clinical phase. It is the group of women 
that is not yet having clinical symptoms, who may benefit the most of adapted, individual 
reference curves. 
Fourth, as discussed before, placental abnormalities should be incorporated into clinical 
guidelines as a major risk factor for developing cardiovascular diseases. Instead of 
disposing the postpartum placenta and thereby useful information, evaluation of this 
organ can provide promising insights for maternal future health. 

In conclusion, a one-size-fits-all approach in prevention of both pregnancy complications 
and future cardiovascular events is unlikely to be successful. Instead, screening and treating 
the (im-)balance between placental, maternal (vascular and immunological systems) and 
environmental factors may be the conclusive way to a healthy pregnancy outcome and 
future maternal health. 
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FUTURE PERSPECTIVES 

As discussed earlier, an increasing role must be attributed to the distinct pathways of 
placental syndrome as we enter the era of personalized obstetric care. One example 
is visualizing the placental- and vascular adaptation using ultrasound scanning, in 
order to help define pregnancies at risk for developing severe (e.g. early onset) cases of 
preeclampsia, foetal growth restriction or a combination of both. 

To further incorporate placental ultrasonography in obstetrical care, there is a need of 
serial measures of placental appearances in both healthy and complicated pregnancies. 
Besides, further developing ultrasound techniques (e.g. 3DPD (including STIC) (47), placental 
elastography (48)) that may be indicative of pathological changes in the placenta, can 
increase the detection rate of abnormal placentation. 

Maladaptation can be better defined when we know more about physiological adaptation 
as a function of pregnancy. Longitudinal studies on uterine and spiral arteries in 
uncomplicated pregnancies are needed, followed by serial measurements in complicated 
pregnancies. Based on these results, reference curves can be updated and used in early 
pregnancy to classify the pregnancy as low, moderate or high risk. As a result, this risk 
calculation can provide guidance in follow-up frequency and lead to future research that 
aim on possible interventions (f.e. anti-hypertensive drugs) to adjust maladaptation in a 
pre-clinical stage. 

Lastly, the pre-conception/post-partum care, especially in case of a complicated pregnancy 
in history, should be individualized. The goal to strive for would be to search for a way 
to predict the pregnancy with a high risk on abnormal placentation and/or abnormal 
maternal vascular adaptation. 
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IMPACT PARAGRAPH

What is the problem and why is it relevant?
The placenta, meaning ‘flat cake’ in Latin, has a critical role during pregnancy, but has been 
studied only since the mid-twentieth century. The complex anatomy of the placenta and its 
well-protected location attached to the uterine wall makes this temporary organ difficult to 
study during gestation. In contrast, after birth, the placenta is expelled from the uterus and 
easy obtained for academic exploration. Despite the fact that it has the most readily available 
structures for histopathological examination, it is still one of the least known, mysterious and 
often forgotten organs in the female body. This provides a defeated paradox in the obstetric 
medical world.

Being born is one of the most extreme challenges that we will face in our lives. In a short time, 
a newborn needs to adapt to a completely new environment, after he or she is being exposed 
to a low oxygen environment and pushed through the narrow maternal birth canal. Before 
facing this burdensome challenge, the foetus is completely dependent on the mother, which 
is a heartwarming but also alarming thought. By receiving oxygenated maternal blood through 
the placenta, the foetus receives nutrients to its crucial organs and is therefore able to develop.

Because of the placenta’s nine months life span, developmental processes that normally 
take months or years to complete in other organs are now compressed into a narrow window 
of time. As a result, basic elements of placental development occur during the first half of 
pregnancy after which additional growth happens in the second half. At term, this newly 
formed organ has reached the end of its life by an autocrine program of planned obsolescence. 
Pregnancies that continue beyond this point are endangered by complications that are related 
to a rapid decline in placental function. 

Nonetheless, there are several moments in which the clinicians come in near contact with 
the placenta during gestation. With the introduction of ultrasonography, it became possible 
to visualise this ‘discoid-shape’ organ. Regrettably, after half a century of research and having 
the answers close to our eyes during routine scans, we have not yet clarified and described 
the apparent pathophysiological alterations of the placenta. These alterations could lead 
to unfavourable complications for both mother and foetus. Alongside all the other non-
favourable adjectives, the placenta is often referred to as ‘overlooked’. 

This thesis addresses the above-mentioned problem and is a result of not over-looking 
the placenta, but instead paying rightful attention to this important organ. We address 
ultrasonographic insights into the development of the placenta and its circulation and evaluate 
measurements for placental function.
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Who are the stakeholders and how can they benefit?
Different stakeholders may benefit from the knowledge provided in this thesis. We aim 
for (future) clinicians to view the placenta with ‘fresh’ eyes and to seize this opportunity 
during every routine ultrasound scan. By presenting our findings at (inter)national 
meetings, we inform care takers about the value of placental ultrasonography. With our 
results, published in international papers, we want to trigger obstetricians and midwives 
to update their knowledge on the clinical impact of placental lesions in both current 
and possible future pregnancies, and the relationship with future cardiovascular health. 
In addition, we would advise to review and adjust protocols regarding indications for 
placental examination (both by ultrasound and by histology). By this, obstetrical care takes 
a step forward towards precision and personalised medicine. 

Ultrasonographers may benefit from our results since we provide new insights into 
placental appearance. Although obstetric ultrasonographers have great exposure to 
placenta imaging every day, knowledge on placental abnormalities is limited. Based on 
questionnaires (chapter 6 in this thesis), ultrasonographers could benefit from extra training 
in normal and abnormal placental appearance. During the course of writing this thesis, we 
collaborated with several ultrasonographers from the Prenatal Diagnosis Department of the 
MUMC+, to implement a specific ‘placental examination form’ in the electronic patient files 
that can be used during the obstetric ultrasound scan. This triggered the ultrasonographer 
to have a look at the placenta and to decide if there were any abnormalities that require 
follow-up, leading to greater attention for the placenta during the ultrasound scan. By 
presenting our results during training meetings for ultrasonographers, we aim for a broader 
implementation of the placental ultrasound examination.

Women who experienced a complicated pregnancy, may have persisting symptoms 
months or years after giving birth (for example high blood pressure, cognitive disorders 
or palpitations). When visiting their general practitioner (GP), the symptoms are not 
always attributed to a past pregnancy, leading to an incorrect diagnosis and unnecessary 
investigations. Nowadays, with the great amount of medical information available on the 
internet, women often ask their GP questions regarding the recurrence of a complicated 
pregnancy or the cardiovascular risk in their future life. This specific knowledge is not 
always known among GPs, leaving women with many unanswered questions. This thesis 
could result in extra training for the GPs in the Netherlands, to increase the knowledge 
on placental function in relation to a complicated pregnancy and the cardiovascular risk 
in later life. 
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Physiologists and biologists may be interested in our placenta-arterial adaptation process 
that we visualized in chapter 1 and 2 of this thesis. We added the pre-conceptional and 
postpartum phases to show the entire adaptation process as a function of pregnancy. This 
could lead to new thoughts on normal hemodynamic adaptation during pregnancy, and 
may help in revealing the pathway of maladaptation. Our results also provide promising 
information to guide future longitudinal studies, which include pre- and post-pregnancy 
measurements in both healthy and complicated pregnancies. 

Paediatricians could use the knowledge presented in this thesis to improve neonatal care. 
Placental abnormalities are associated with, for example, Apgar scores and admission of 
the neonate to the intensive care unit. By informing the paediatrician about abnormal 
placental function during pregnancy, better preventive care can be taken during labour 
and during the first days of the newborn’s life. 

In addition, we can teach medical students as early as the first years of their medical 
training to not ‘over-look’ the placenta and emphasize the important role of this organ 
during pregnancy. This thesis will be presented to gynaecologists who are responsible 
for the medical master’s curriculum and may lead to the adoption of this knowledge into 
the new curriculum and therefore increase the placental knowledge of future medical 
students.

Companies that develop ultrasound machines and offline software to analyse ultrasound 
data, could also benefit from our results. By attending several international meetings, we 
were able to talk to some of the companies that develop ultrasound machines. Our findings 
can trigger them to improve their software for placental visualisation and quantitative 
assessment of placental vascularization (chapter 5) or publish setting-guidelines in order 
to decrease variability among different ultrasonographers and between different patients. 
By improving the imaging technique, better detection of abnormalities can be reached 
that leads to in-time diagnosis and adequate patientcare.

Finally, if obstetricians, midwives, ultrasonographers and general practitioners implement 
the new insights provided in this thesis, patients, partners and their offspring may also 
benefit. Women that want to conceive, women who are pregnant or have been pregnant 
may benefit from improved obstetric care as a result of this thesis. Alterations in pregnancy 
care could be introduced to specific patient organisations (e.g. HELLP stichting caring 
for women after pregnancies complicated by this potentially life-threatening placental 
disorder) or by the use of social media (e.g. Facebook groups). 
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SUMMARY

This thesis, presented into two parts, provides insights into the placental function and 
its circulation in both healthy and complicated pregnancies. In the first part, titled ‘(mal)
adaptation during pregnancy’, we elaborate on the physiological and pathophysiological 
adaptation of the utero-placental circulation as a function of pregnancy and we investigate 
the association between placental biomarkers, ultrasound observations and placental 
histology. In the second part, we focus on placental ultrasonography. 

In the FIRST CHAPTER of this thesis we present a general introduction as well as the aims 
and outline of this thesis.

CHAPTER TWO reviews the available literature on spiral artery ultrasound measurements in 
order to provide more insights into the spiral artery remodelling process during pregnancy. 
We performed a systematic review and meta-analysis of spiral artery pulsatility index, 
resistance index and peak systolic velocity and included 12 studies that met the eligibility 
criteria. We observed a consistent decrease of the pulsatility and resistance index in 
healthy gestation, from the first to the second trimester, after which no relevant changes 
towards the third trimester were seen. Higher pulsatility index was found in spiral arteries 
of complicated pregnancies, possibly reflecting suboptimal utero-placental circulation 
and the risk of maternal and foetal complications. We did not find any differences in 
resistance between spiral arteries located in the central part of the placental bed versus 
those located at its periphery. 

CHAPTER THREE reviews the available literature on uterine artery ultrasound measurements 
in order to quantify system-biological adjustments of resistance in these arteries throughout 
healthy and hypertensive pregnancy. We performed a systematic review and meta-analysis 
of uterine artery pulsatility index, resistance index, peak systolic velocity and systolic/
diastolic ratio and included 201 studies that met the eligibility criteria. We described the 
time course and magnitude of the uterine artery Doppler changes as a function of healthy 
pregnancies and concluded that hypertensive pregnancies show consistently elevated 
resistance, which could possibly be used as early markers of high-risk gestation. 

CHAPTER FOUR focuses on the relationship between first trimester biomarker levels and 
the presence of maternal vascular malperfusion lesions in the placenta. We performed 
a retrospective cohort study in 195 pregnancies with and without placental syndrome. 
We found that abnormal PAPP-A levels in combination with placental syndrome had the 
strongest association with maternal vascular malperfusion. Furthermore, we showed lower 
first trimester serum levels of PAPP-A and PlGF in pregnancies who subsequently have 
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maternal vascular malperfusion lesions compared to the pregnancies who do not. We 
concluded there is a potential role for placental biomarkers in screening strategies for 
placental insufficiency and clinical decision making. 

CHAPTER FIVE investigates the validity and reproducibility of 3D-Power Doppler methods 
that are used to assess placental perfusion. We included a total of 10 singleton pregnancies 
around 16 weeks of gestation, with an anterior located placenta and centrally inserted 
umbilical cord. Eight sonobiopsy methods, based on previous literature, were used to 
test intra- and interrater reproducibility. We concluded that the best intra- and inter 
reproducibility was reached using a spherical centrally placed sonobiopsy in a whole 3D 
placenta sweep. We further concluded that it is of utmost importance that a standardized 
protocol on how to measure 3D placental vascularization is used in clinical practice and 
future research to minimize measurement errors and to improve reproducibility.

CHAPTER SIX is a Dutch-written study on rating placental characteristics during a routine 
ultrasound scan. The aim of this study was to gain insights into the extent of placental 
ultrasound examination by gynaecologists, ultra-sonographers, midwifes and residents 
and to investigate the knowledge of placental ultrasound abnormalities. A total of 69 
participants send a respond to our questionnaire. We concluded that the placenta is 
not frequently assess during a routine ultrasound scan. Available scanning time, clinical 
relevance of the observed placenta findings and profession of the investigator are 
determinants that had an influence on the examination of the placenta. Knowledge on 
(the presence of) placental lakes and –calcifications is limited and extra training or the 
use of a structured placenta checklist could increase the awareness to assess the placenta 
in a correct way. 

CHAPTER SEVEN reviews the available literature on placental appearance in uncomplicated 
and placental syndrome pregnancies. We were able to include 28 studies that met the 
eligibility criteria, and investigated data on placental thickness, placental lakes and 
placental calcifications. We observed that placental thickness increased between the first 
and second trimester, which was more in placental syndrome pregnancies compared to 
uncomplicated pregnancies. Placental lakes were frequently observed in foetal growth 
restriction and small for gestational age’s pregnancies, especially in the second trimester. 
Grade three calcifications were most prominent in the placental syndrome pregnancies, 
specifically in the second and third trimester. We suggest that placental ultrasound 
abnormalities together with other signs of placental dysfunction can help to differentiate 
placental syndrome from other diseases. 
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CHAPTER EIGHT discusses the relationship between timing of onset of placental syndrome 
and maternal vascular malperfusion lesions. We aimed to investigate if the timing of 
onset of disease is superior compared to the type of placental syndrome in relation to 
these pathological lesions. We performed a case-control study and included a total of 
158 pregnancies. We observed that the early-onset placental syndrome group showed the 
highest percentage of malperfusion lesions and adverse neonatal outcomes. Furthermore, 
we observed that early-onset placental syndrome is stronger related to malperfusion 
lesions compared to preeclampsia or intra-uterine growth restriction. These results may be 
the first step in classifying placental syndrome as early- or late-onset phenotypes instead 
of separate clinical phenotypes in future obstetric care.

CHAPTER NINE encompasses a general discussion in which we address the findings in this 
thesis within the context of the recent literature and we provide suggestions for future 
research.

CHAPTER TEN facilitates the impact paragraph wherein we elaborate on wider implications 
of this thesis as to inform a wider target group about the results that were obtained.

CHAPTER ELEVEN provides a summary in English and Dutch.
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SAMENVATTING

Deze thesis geeft inzicht in de functie van de placenta en de placentale circulatie in 
zowel gezonde als gecompliceerde zwangerschappen. In het eerste deel, met als titel 
‘(mal)adaptation during pregnancy’, gaan we in op de fysiologische en pathofysiologische 
adaptatie van de utero-placentale circulatie tijdens de zwangerschap en onderzoeken we 
de associatie tussen placenta biomarkers, echografische en histologische parameters. In 
het tweede deel van deze thesis focussen we op placenta echografie. 

In het EERSTE HOOFDSTUK presenteren we een algemene introductie van het onderwerp 
en belichten we de doelstellingen van deze thesis.

HOOFDSTUK TWEE is een review waarin we de beschikbare literatuur van spiraal arterie 
echografie bekijken, om meer inzicht te krijgen in de remodelering van deze arteriën tijdens 
de zwangerschap. We hebben een systematisch review en meta-analyse uitgevoerd naar 
maten van vaatweerstand (‘pulsatility index’, ‘resistance index’ en ‘peak systolic velocity’) 
en includeerden 12 studies die voldeden aan onze inclusiecriteria. We observeerden een 
constante afname van de pulsatility index en resistance index in de gezonde zwangerschap, 
met name van het eerste naar het tweede trimester. Daarna werden er geen veranderingen 
in weerstand geobjectiveerd. Een hogere pulsatility index werd gevonden in de spiraal 
arteriën van vrouwen met een gecompliceerde zwangerschap. Deze bevinding reflecteert 
waarschijnlijk een suboptimale utero-placentale circulatie en het risico op maternale en 
foetale complicaties. We observeerden geen verschil in weerstand in spiraal arteriën die 
in het centrale gedeelte van de placenta waren gelokaliseerd ten opzichte van arteriën 
die in de perifere gedeelten van de placenta waren gelokaliseerd. 

HOODFSTUK DRIE is een review waarin we de beschikbare literatuur over arteria uterina 
echografie bekijken, om meer inzicht te krijgen in de systemisch-biologische veranderingen 
in vaatweerstand van deze arteriën tijdens een gezonde en hypertensieve zwangerschap. 
We hebben een systematische review en meta-analyse uitgevoerd naar maten van 
vaatweerstand (‘pulsatility index’, ‘resistance index’, ‘systolic/diastolic ratio’ en ‘peak 
systolic velocity’) en includeerden 201 artikelen die voldeden aan onze inclusiecriteria. 
We beschrijven het tijdsverloop van de veranderingen in de arteria uterina weerstand 
gedurende een gezonde zwangerschap en concludeerden dat in een gecompliceerde 
zwangerschap deze weerstand hoger is. Deze bevindingen zouden gebruikt kunnen worden 
als screeningtool voor hoog-risico zwangerschappen. 
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HOOFDSTUK VIER focust op de relatie tussen eerste trimster biomarkers en de 
aanwezigheid van maternale vasculaire malperfusie laesies in de placenta. We hebben 
een retrospectieve cohortstudie met 195 patiënten mét en zonder placenta syndroom 
uitgevoerd. We concludeerden dat abnormale PAPP-A waardes in combinatie met het 
hebben van een placenta syndroom de hoogste associatie gaf met de aanwezigheid van 
maternale vasculaire malperfusie laesies. Daarnaast observeerden we dat lage waardes 
van PAPP-A en PlGF vaker voorkwamen bij patiënten met maternale vasculaire malperfusie 
laesies vergeleken met patiënten zonder deze laesies. We concludeerden dat er een 
potentiele rol is voor placenta biomarkers in het screenen naar placenta insufficiëntie. 

HOOFDSTUK VIJF onderzoekt de validiteit en reproduceerbaarheid van 3D-Power 
Doppler meetmethoden die gebruikt worden om placenta perfusie te meten. We 
includeerden 10 patiënten met een gemiddelde zwangerschapsduur van 16 weken, een 
placenta op de voorwand van de uterus en een centrale insertie van de navelstreng. 
Gebaseerd op voorgaande literatuur kozen we 8 meetmethoden om de intra- en inter-
reproduceerbaarheid van placenta perfusie te testen. We concludeerden dat de beste intra- 
en inter-reproduceerbaarheid werd behaald middels een sferische, centraal gelokaliseerde 
sonobiopsie in een volledige 3D sweep van de placenta. Daarnaast concludeerden we dat 
het erg belangrijk is om een gestandaardiseerd protocol te gebruiken, zodat in de praktijk 
waardes makkelijker en betrouwbaarder met elkaar vergeleken kunnen worden. 

HOOFDSTUK ZES is een studie die kijkt naar het beoordelen van placenta karakteristieken 
tijdens een routine echo. Het doel van deze studie was om meer inzicht te krijgen in 
de mate van placenta beoordeling door de gynaecologen, echoscopisten, verloskundige 
en arts-assistenten gynaecologie en om inzicht te krijgen in de mate van kennis over 
echografische placenta bevindingen. In totaal vulden er 69 personen onze vragenlijst in. Op 
basis van deze resultaten concludeerden we dat de placenta weinig wordt bekeken tijdens 
een routine echo. De beschikbare tijd die er voor de echo of het consult gepland staan, de 
klinische relevantie van bevindingen en de functie van iemand lijken invloed te hebben 
op het, al dan niet, beoordelen van de placenta tijdens een routine echo. Kennis over (de 
aanwezigheid van) ‘placenta lakes’ en placenta calcificaties is matig en extra trainingen 
of het gebruik van een placenta checklijst tijdens een echo zouden kunnen bijdragen aan 
het ‘beter’ beoordelen van de placenta. 

HOOFDSTUK ZEVEN is een review waarin we de beschikbare literatuur over placenta 
bevindingen in gezonde en placenta syndroom zwangerschappen samenvatten. In totaal 
includeerden we 28 studies die voldeden aan onze inclusiecriteria en bekeken we hun 
resultaten ten aanzien van placenta dikte, placenta lakes en placenta calcificaties. We 
zagen dat de placenta dikte tussen het eerste trimester en tweede trimester toenam en 
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dat deze toename groter was in zwangerschappen met een placenta syndroom. Placenta 
lakes kwamen vaker voor bij zwangerschappen gecompliceerd door groeivertraging, met 
name in het tweede trimester. Abnormale calcificaties van de placenta kwamen het vaakst 
voor in placenta syndroom zwangerschappen, met name in het tweede en derde trimester. 
We suggereren dat abnormale placenta bevindingen, in combinatie met andere signalen 
van placenta dysfunctie, kunnen bijdragen aan de differentiatie van placenta syndroom 
ten opzichte van andere zwangerschapscomplicaties.

HOOFDSTUK ACHT bediscussieert de relatie tussen het tijdstip van optreden van placenta 
syndroom (vroeg versus laat) in relatie tot maternale vasculaire malperfusie laesies 
postpartum. Het doel van deze studie was om te kijken of het tijdstip van optreden van 
placenta syndroom beter geassocieerd was met maternale malperfusie ten opzichte 
van het sóórt placenta syndroom (pre-eclampsie of intra uterine groeivertraging). We 
includeerden een totaal van 158 zwangeren in deze case-control studie. We observeerden 
dat het vroeg optreden van een placenta syndroom de hoogste aantallen van maternale 
malperfusie en slechte uitkomsten voor het kind gaf. Daarnaast vonden we dat het vroeg 
optreden van een placenta syndroom sterker geassocieerd is met maternale malperfusie, 
vergeleken met het hebben van pre-eclampsie of intra uterine groeivertraging. Deze 
resultaten kunnen de eerst stap zijn in een nieuwe classificatie van placenta syndroom, 
waarbij we meer onderscheidt maken in vroeg of laat optreden van ziekte in plaats van 
kijken naar het klinisch ziektebeeld. 

HOOFDSTUK NEGEN bevat een algemene discussie waarin we de belangrijkste bevindingen 
van deze thesis benoemen in de context van recente literatuur en waarin suggesties voor 
toekomstig onderzoek worden gegeven.

HOOFDSTUK TIEN is de impact paragraaf waarin we de bevindingen van deze thesis in 
een breder daglicht plaatsen en de verschillende doelgroepen beschrijven die van onze 
resultaten kunnen profiteren.

HOOFDSTUK ELF geeft een samenvatting van deze thesis in het Engels en Nederlands. 
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DANKWOORD

Voor jullie ligt het resultaat van een vier jarig traject, waarin we even offline waren (een 
ICT-hack op de universiteit) en daarna heel veel online (als gevolg van COVID-19). Het was 
een ontzettend leerzame, leuke en uitdagende tijd. Eraan beginnen was makkelijk, maar 
het afmaken had ik niet gekund zonder de mensen om mij heen. 

Prof. dr. Spaanderman, beste Marc. Als groentje uit de schoolbanken startte ik in 2017 
zowel als arts als PhD-student onder jouw begeleiding. Het leek me goed om je meteen 
te laten weten dat ik niet van plan was om de vier (parttime) jaren die voor mijn PhD 
gepland stonden, volledig te gebruiken. Ik was onrustig, had het gevoel dat om mij heen 
iedereen de verloskamers opging en wilde vooral dóór. Het koste dan ook wat tijd voordat 
ik inzag dat een PhD eigenlijk ook een opleidingstraject is en dat ik als ANIOS op het 
Transmuraal Vrouwen Dagcentrum heel wat zelfvertrouwen en kennis aan het opbouwen 
was. Onbewust, maar inmiddels bewust, leerde ik elke dag bij, zowel op persoonlijk als 
op medisch deskundig, communicatief en organisatorisch vlak. Ik had me geen fijnere 
supervisor kunnen wensen. Altijd bereikbaar voor vragen (zelfs midden in de nacht als 
je op congres was in een ander land en ik het tijdsverschil even was vergeten), altijd 
oprecht en geïnteresseerd creëerde je een hele veilige en prettige leeromgeving waarin je 
ons te allen tijde steunde. De lijn tussen wetenschappelijk onderzoek en zorg vervaagde 
en met het team werkten we iedere dag hard om zo de beste top-klinische zorg aan 
een speciale patiëntenpopulatie te leveren. Je hebt me geleerd hoe ‘onze’ vrouwen en 
zwangeren fysiologisch en pathofysiologisch functioneren, om af en toe tot 10 te tellen 
(en soms tot 100; ‘choose your battles’), je hebt me geleerd om wat vaker tevreden te zijn 
en dat ’waarom dan?’ helemaal niet zo’n gekke vraag is. Heel erg bedankt. 

Dr. Al-Nasiry, beste Salwan. De eerste keer dat we elkaar ontmoette was tijdens mijn 
sollicitatie voor de WESP-stage. Eigenlijk was het meer een gezellig gesprek, waarin je me 
aanstak met jouw enthousiasme over placenta’s. Ik ging vervolgens meekijken met echo’s op 
het echocentrum en liep mee met jouw poli’s. Al snel daarna breidde ik mijn carrièreplanning 
uit van ‘gynaecoloog’, naar ‘gynaecoloog én onderzoeker’ en jij ondersteunde dit ter harte. 
Je behandelde me als een volwaardige collega (zelfs als student) en nodigde me uit om 
samen presentaties te geven. Je gaf me veel mogelijkheden om mezelf te ontwikkelen en 
spoorde me aan om te netwerken. Tijdens mijn praatjes op (inter-)nationale congressen zat 
je vooraan en klapte je het hardst. Ook was er altijd ruimte voor wat minder serieuze zaken 
en toonde je interesse in mijn persoonlijk leven en ontwikkeling. Met veel bewondering 
observeerde ik jouw tijdsindeling en omgang met deadlines; als er iemand 36 uur in een dag 
zou moeten krijgen ben jij het wel. Bedankt dat je me de kans gaf om dit promotietraject te 
starten én te eindigen. Ik kijk uit naar onze verdere samenwerking; plannen genoeg!
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Dr. van Kuijk, beste Sander. Wat fijn dat jij dit promotieteam bent komen versterken! 
Bedankt voor jouw kritische blik op mijn stukken, jouw antwoorden op mijn statistische 
vragen, relativerende gedachtes tijdens discussies met het team en algehele bijdrage aan 
dit boekje. Ondanks jouw volle agenda was er altijd ruimte voor een snelle reactie of voor 
een afspraak. Na onze gesprekken ging ik altijd met nieuwe energie weer aan de slag. Je 
stelde me gerust (‘het verschil tussen een boekje met alle hoofdstukken ‘geaccepteerd’ 
of een boekje met een aantal hoofdstukken ‘gesubmit’ is alleen maar tijd’) en kwam altijd 
afspraken na. Inmiddels ben je een begrip in het MUMC+ (en daarbuiten) en ik ben dan 
ook erg trots dat je mijn co-promotor bent! 

Beoordelingscommissie: Prof. Dr. Kruitwagen, prof. Dr. Bloemenkamp, prof. Dr. Jacquemyn, 
prof. Dr. Zur Hausen, prof. Dr. Robben. Hartelijk dank voor de tijd die jullie hebben gestoken 
in het lezen en beoordelen van dit proefschrift en ik dank de promotiecommissie voor de 
oppositie tijdens mijn promotie. 

Ex-TVDC-artsen: Wat was ik blij met jullie als collega’s toen ik net op het TVDC kwam 
werken en wat ben ik blij dat hier een vriendschap uit is ontstaan! Eva: Samenwerken ging 
ons goed af, net als kletsen of een drankje in de kroeg in Zwolle 😊. Jouw aanstekende 
lach, precisie, affiniteit met getallen, eerlijkheid en behulpzaamheid kan ik erg waarderen 
en mis ik stiekem wel een beetje. Jouw nieuwe collega’s hebben geluk. Nu we allebei 
een onbeperkt telefoonabonnement hebben, hoeven onze gesprekken niet meer ‘snel-
snel’. Het bedje in Meerssen staat altijd voor je klaar! Veronica: Jij was en bent een soort 
grote zus voor me. Was ik toch maar eerder begonnen met jouw goede adviezen actief 
op te slaan. Jij kunt als de beste opbouwende feedback geven, helpt me moeilijke dingen 
bespreekbaar te maken en brengt kalmte en rust in chaos. Ook in de afrondende fase van 
mijn boekje, die parallel ging aan een spannende nieuwe periode op de werkvloer, was 
en ben je een grote steun. Fijn dat je mijn paranimf bent!

TVDC-artsen; Robert-Jan en Laura. Bedankt voor de fijne samenwerking de afgelopen 2 
jaar! Samen ervoor zorgen dat het zoveelste MDO is voorbereid, samen overleggen ten 
aanzien van juiste beleid, samen de vrouwen te woord staan en samen de toko runnen. 
Ik ben trots op het nieuwe TVDC en wens jullie, en Gwyneth, heel veel succes met het 
eigen onderzoek!

TVDC-(ex-)verpleegkundigen en -secretaresses; Caroline, Adine, Ellen, Fabiënne, Gonny, 
Lonneke, Marie-Jeanne, Monique, Nathalie, Stella, Yolanda, Yvonne. Vanaf het eerste moment 
heb ik me thuis gevoeld op het TVDC en dat kwam mede door jullie! Bedankt voor persoonlijke 
interesse en de gezellige samenwerking, ik heb veel van jullie geleerd! Mede door jullie ging 
ik elke dag met veel plezier werken en kon ik langzaam wennen aan het idee van ‘dokter’ zijn.
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Gynaecologen, arts-assistenten, klinisch verloskundigen MUMC+: Bedankt voor de 
overlegmomenten, interesse in mijn boekje en persoonlijke ontwikkeling. 

Gynaecologen, arts-assistenten, PA’ers, klinisch verloskundigen Zuyderland: Bedankt 
dat jullie me de kans hebben gegeven om als ANIOS te starten in jullie kliniek. Een warm 
welkom zorgde voor een vliegende start, ik had het erg naar mijn zin!

Secretaresses gynaecologie MUMC+; met name Manon en Monique. Heel erg bedankt voor 
het inplannen van mijn vele verzoeken in de agenda’s van Marc en Salwan. Ik weet dat het 
niet altijd makkelijk was, maar jullie deden alle moeite! 

Medewerkers Prenatale Diagnostiek MUMC+: Bedankt voor jullie flexibiliteit in het (vaak 
ad-hoc) regelen van een echokamer en het meehelpen aan de Pulse-studie! Eugenie: 
Bedankt voor je interesse in het onderzoek en de gezelligheid in Wenen!

Gaby: Jouw deur staat altijd open, voor de meest uiteenlopende verzoeken was je bereid 
om mee te denken of een extra telefoontje te plegen. Altijd geïnteresseerd in mij als 
persoon en erg complimenteus. Bedankt voor alle hulp!

Kamergenoten UNS50 H1.320; Stéphanie: Onderzoeksdagen waren extra gezellig als jij 
er was! Jouw doorzettingsvermogen om je PhD af te ronden was bewonderenswaardig 
en ik weet zeker dat je de beste huisarts van Limburg wordt. Jonas: Op de dagen dat je 
langskwam op de universiteit lachte ik (statistisch) significant meer, nu kan ik dat ook 
zeggen over de diensten samen in het Zuyderland! Binnenkort trekken we die ene fles 
champagne écht een keer open.

Onderzoekers bij de gynaecologie: Jullie maakten het dagelijks werkleven net wat leuker! 
Bedankt voor alle koffiemomentjes, ontbijtjes, lunches, cocktailavonden, wetenschappelijke 
meetings en het aanhoren van mijn klaagzang. Denise: Wie had dit ooit gedacht; van mijn 
sportlerares op de middelbare school naar collega-PhD! Samen zaten we soms in hetzelfde 
(zinkende) schuitje, maar bleek dat we toch wel goed konden watertrappelen. Ik kijk met 
plezier terug naar de prikmomenten van jouw menstruele cyclus studie, waarbij dag 1 
altijd in het weekend viel... Diepe buiging voor jouw toewijding aan je onderzoek; je bent 
een topper! Emma: Naast het feit dat je een hele fijne collega bent om mee samen te 
werken was het ook altijd heel gezellig als jij er was! Dank voor je verantwoordelijkheid 
binnen het TVDC, je bent een sterke bindende factor die bijdraagt aan het teamgevoel. 
Esther: Jij laat je niet gek maken, daar kan menig persoon van leren. Ik heb heel veel 
respect voor jouw (sport-) discipline en ik hoop dat we snel collega’s worden! Jorne: Jouw 
(‘dit-kan-nog-net’) grapjes brachten altijd leven in de tent. Nu ik wat meer aan de Roda-JC 
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kant van Limburg werk, komen we elkaar misschien weer wat vaker tegen. Manouk: Dank 
voor de gezelligheid tijdens de buitenlandse congressen! Sander: Dat het schrijven van 
een review/meta-analyse niet ‘even’ gebeurd weet jij als geen ander. Muchos gracias voor 
jouw tijd en kennis van het programma ‘R’. Ik zal je vanaf nu nooit meer lastigvallen met 
analyses. Zenab: Op mijn eerste dag als student nodigde jij mij uit om bij jou en Sander op 
kantoor te zitten en wat volgde waren supergezellige WESP-weken. Ik weet zeker dat jouw 
boekje ook snel klaar is. Astrid: Als iemand doorzettingsvermogen heeft ben jij het wel. 
Jij geeft altijd de volle 100% en bent daarnaast super correct en vriendelijk. Veel succes 
in je verdere carrière! Chahinda: Wat een drijfkracht zit er in jou! Ik heb veel bewondering 
voor jouw carrière, hoe je een eigen netwerk hebt opgebouwd en de manier waarop je je 
ideeën in praktijk brengt. Dankjewel voor alle kansen die je me hebt geboden de afgelopen 
jaren. Droïma: Leuk om onze passie voor placenta’s te delen. Ik kijk uit naar een verdere 
samenwerking!

PULSE-team: Dank aan alle mensen betrokken bij deze studie. Cato: Heel veel credits voor 
jouw bijdrage aan het maken van echo’s, het beantwoorden van mails en het begeleiden 
van studenten. Hoe bijzonder was het dat ik als eerste jouw kindjes (+ placenta 😊) mocht 
bewonderen! Ik vind het jammer dat we geen collega’s meer zijn, maar ben supertrots op 
je en hoop dat er nog vele afspraakjes zullen volgen! Carmen: Dankjewel voor het nakijken 
van alle Pulse-placenta’s, voor jouw bijdrage aan mijn stukken en voor de laagdrempelige 
overlegmomenten. Van jouw expertise als patholoog heb ik veel geleerd! Ghislaine: De 
eerste blauwdruk van de Pulse-studie kwam uit jouw handen, bedankt dat je me de kans 
gaf om deze studie voort te zetten. Aafke: De brainstormsessies hadden wat mij betreft 
wel vaker gemogen! Veel succes als embryoloog! Judith: Hadden we elkaar maar wat 
eerder leren kennen… supersnelle reactie op mails, een goede, vriendelijke begeleider voor 
studenten en behulpzaam in het uitvoeren van biomarker analyses. Bedankt daarvoor! 
Verloskundigepraktijken: Een studie naar de gezonde zwangerschap is lastig uit te voeren 
in het ziekenhuis. Dank aan alle verloskundigen die hun zwangeren hebben verteld over 
de Pulse-studie en dit onderzoek een warm hart toedragen! Deelneemsters: Zonder de 
zwangere vrouwen viel er natuurlijk niet veel te echoën, dus mijn allergrootste dank gaat 
uit naar hun vrijwillige bijdrage. Ik vond het fijn dat ze me deelgenoot maakten van hun 
9-maanden-durende reis en hoop dat alle kinderen die ik in zwart-wit beeld én 3D heb 
mogen bewonderen inmiddels kruipend of lopend, maar vooral gezond, door het leven 
gaan! 

Studenten: De afgelopen jaren heb ik heel wat studenten tijdens hun stage mogen 
begeleiden en allemaal hebben ze bijgedragen aan dit boekje. Speciale dank gaat uit 
naar de studenten die als mede-auteur op een van de artikelen staan. 
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GROW-bestuur, - secretariaat, -coordinators en -representatives: Hartelijk bedankt dat ik 
deel mocht uitmaken van het GROW-team! Ook al was de samenwerking met name digitaal 
als gevolg van COVID-19; ik kijk terug op een verdiepende en gezellige tijd. 

Diehard Geneesko’s: Aimee, Anouck, Dick, Irene, Samir en Tim. Mijn lieve, lieve vrienden! Jullie 
zorgden ervoor dat de opleiding Geneeskunde niet alleen maar uit ‘studeren’ bestond; wat 
hebben we samen al veel meegemaakt! Van al mijn vrienden snappen jullie het best ‘wat ik nu 
eigenlijk doe’, wat maakt dat ik veel waarde hecht aan onze (laatste leuke) vriendenweekendjes. 
Dank voor jullie begrip, afleiding, steun, vriendschap, intercollegiaal overleg en interesse. 
Samen worden we elk jaar een stukje volwassener, maar diep vanbinnen verlangen we allemaal 
nog weleens terug naar een ‘kleintje fessa’. Ondanks dat ons hart inmiddels bij verschillende 
specialisaties ligt, delen we de mijlpalen in ons leven. Bedankt dat jullie er voor me zijn! 

Maxime: Nu we ons 25-jarig jubileum naderen, kan ik met een gerust hart zeggen dat we 
elkaar door en door kennen. Na een lange periode waarin we dezelfde kleren droegen, 
over alles dezelfde mening hadden en onze namen in één adem werden uitgesproken, 
bewandelden we allebei ons eigen pad tot volwassenheid. En kijk ons nu eens! Je bent de 
beste vriendin die ik me kan wensen, staat altijd voor me klaar en we kunnen nog altijd 
het hardst met (en om) elkaar lachen. 

Stephanie: Iets minder lang in mijn leven, maar zeker niet minder belangrijk! Wat hebben 
we al veel leuke dingen met z’n drietjes meegemaakt en hoe vaak moest je niet even 
horen ‘hoe druk ik het had’. Jouw nuchterheid en eerlijkheid kan ik erg waarderen en ik 
ben heel trots op je.

Simone: Onze vriendschap kreeg een onverwachte boost het afgelopen jaar en hoewel de 
omstandigheden niet leuk waren ben ik blij dat we elkaar vaak zien! Ik ben super trots op 
je en dankbaar voor je steun en oprechte interesse de afgelopen tijd. 

Roosje: Mijn PhD-retreat buddy, helaas bleef het bij een eenmalige retreat waar we de 
komende tijd nog even op moeten teren. Tijdens de GEZP-stage in het Zuyderland leerden 
we elkaar kennen en zorgden we ervoor dat deze laatste stage van onze opleiding éxtra 
gezellig werd. Vervolgens starten we allebei als ANIOS en promovendus, jij in Heerlen en 
Nijmegen, ik in Maastricht. Afgelopen jaar waren we heel even collega’s, hoe leuk was dat! 
Heel veel succes met afronden van je onderzoek! 

Maud en Kim: Dank jullie wel voor jullie fijne en welkome ‘afleidingsavondjes’ met showbizz 
gossip, lekker eten en heel veel lachen. Valencia was voor herhaling vatbaar! Wanneer is 
de volgende sangria-avond?
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Ranka: Hoewel ik de tripjes naar café Nol in Amsterdam erg gezellig vond ben ik erg 
blij dat je nu wat dichterbij woont! Ik bewonder je ondernemingszin en geniet van onze 
avondwandelingen waarin we de drukte van de dag even achter ons laten. Vanaf nu gaan 
we écht 2x/week sporten.

Rob en Yuri: De Gezondheidsuniversiteit zorgde niet alleen voor meer kennis onder 
leken, maar ook voor nieuwe vriendschappen! Hoewel onze chirurgische/internistische/
gynaecologische kijk op zaken soms interessante discussies opwerpt heb ik veel van jullie 
geleerd, ben ik erg blij dat een van ons elke 3 maanden voorstelt om samen te eten en 
delen we onze liefde voor Fleedwood Mac, mosselen en een goed glas wijn 😊. 

Evelien: Wat ben ik tevreden over jouw creatie! Heel erg bedankt voor het prachtige 
ontwerp op de kaft! Mariska: Dankjewel voor het vormgeven van dit boek, dat had ik zelf 
nooit zo mooi gekund. 

Sarah: Bedankt voor jouw enorme geduld, het maken van de figuren in mijn boekje als 
niet-medici heb je superknap gedaan!

Familie en schoonfamilie: Bedankt voor jullie interesse, lovende woorden en 
schouderklopjes op momenten dat ik ze nodig had. De vraag ‘Hoelang moet je nu nog 
met het onderzoek?’ is eindelijk beantwoord. Extra dank naar Nannette & Remy voor het 
neerzetten van 2 extra borden bij het avondeten na een lange werkdag en naar Marc & 
Gabriëlle voor het altijd beschikbaar stellen van hun Peugotje.

Papa en mama: Bedankt voor alle kansen en mogelijkheden die jullie me de afgelopen 
29 jaar hebben gegeven zodat ik mij onbezorgd kon richten op hetgeen wat ik wilde. Mijn 
doorzettingsvermogen wordt gevoed door jullie bemoedigende woorden, complimenten en 
trots. Pap: Jij hebt al het geduld van de wereld en geeft altijd goede raad. De vele uurtjes 
hulp bij wis-, natuur- en scheikunde tijdens mijn middelbareschooltijd, gevolgd door het 
rijden naar alle uithoeken in Nederland (en België) omdat ik per se Geneeskunde wilde 
studeren moet zelfs jouw geduld op de proef hebben gesteld. Ook als de treinen weer 
eens niet reden of na een avondje op stap was je er altijd om me in een warme auto op 
te halen. Jouw gezicht glundert van trots als Raoul of ik weer een mijlpaal behalen, ik 
hoop dat dit ook zo is bij het lezen van dit proefschrift. Mama: Jouw betrokkenheid en 
zorgzaamheid waardeer ik enorm. Je kent me soms beter dan dat ik mezelf ken en (hoewel 
ik had gedacht dat het niet zou gebeuren) ik begin steeds meer op je te lijken. Opruimen 
doen we ‘voor het oog’, regelen kunnen we als de beste en ons zorgen maken (om niks) 
ook. De autoritjes op maandag- en dinsdagochtend samen naar het MUMC+ mis ik stiekem 
wel een beetje! Dankjewel voor alles.
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Raoul: Broertje, bedankt voor jouw hulp tijdens mijn PhD! Ondanks dat je zelf hard aan 
de weg timmert was er vaak tijd om mijn teksten te controleren, figuren te ontwerpen, 
mee te helpen met statistiek of een ingewikkelde formule in Excel te maken. Ik ben trots 
dat je mijn paranimf wilt zijn. Josine: Dankjewel voor jouw gezelligheid in de familie en de 
heerlijke bakrecepten 😊. Het is een fijne gedachte dat ik je kan bellen als ik een gekke 
melding krijg over een DBC- registratie. 

Lennart: Jouw ‘komt wel goed’ bleek maar weer eens waar. Jij zorgt ervoor dat het beste 
in me naar boven komt, geeft me goede adviezen, verrast me, steunt me, geeft me ruimte, 
laat me relativeren, accepteert mijn (af en toe) chagrijnige buien en zorgt er dan met een 
flauw grapje voor dat ik weer kan lachen. Achter de schermen dus een grote steun met wie 
ik heel graag een team vorm. Bedankt dat je ’s ochtends niet te veel tegen me zegt en sorry 
dat je niet mijn paranimf mocht worden. Desalniettemin; je bent de aller-, aller-, allerbeste! 




	Table of contents
	Chapter 1
	Chapter 2
	Chapter 3: EMBARGOED
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8: EMBARGOED
	Chapter 9
	Chapter 10
	Appendices
	Samenvatting & Summary
	Curriculum Vitae
	List of publications
	Dankwoord



