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Abstract: Background: The pregnancy pathology preeclampsia is still among the leading causes of 

maternal and perinatal morbidity and mortality. At the same time, its etiology is far from being identi-

fied and remains obscure in a number of facets.  

A number of hypotheses have been developed to explain the altered interplay between placenta and 

mother leading to the clinical symptoms of preeclampsia. However, none of them offers the opportu-

nity to explain the variability of cases with late-onset versus early-onset, mild versus severe and with 

or without additional fetal growth restriction. 

Conclusion: This paper identifies the weaknesses of the most important current hypothesis and at the 

same time offers a set of new elucidations including maternal susceptibility, and villous/extravillous 

trophoblast differentiation to explain the development of preeclampsia. Such elucidations allow fol-

lowing new scientific routes and pathways to untangle the etiology of preeclampsia. 

 

 
Keywords: Aponecrosis, extravillous trophoblast, fetal growth restriction, trophoblast invasion, placental oxygenation, 
preeclampsia, syncytiotrophoblast, villous trophoblast. 

1. INTRODUCTION 

 The growth of a healthy fetus during pregnancy strongly 
depends on the genetic profile of the fetus, while factors de-
rived from the maternal as well as the placental/fetal systems 
maintain communication between the two individuals to 
maintain pregnancy. At the same time, the functionality of 
the placenta is crucial to allow optimal support of nutrients 
and gases for the normal development of the fetus. Growth 
and differentiation of the placenta have to be directly linked 
to the physiological adaptations of the mother to ensure 
proper crosstalk between the two individuals. Major altera-
tions of this crosstalk may further develop into pregnancy 
pathologies such as fetal growth restriction and especially 
preeclampsia. 

2. DESCRIPTION, DEFINITION AND SUBTYPES OF 

PREECLAMPSIA 

2.1. Historical view on Eclampsia/Preeclampsia 

 First descriptions of preeclampsia/eclampsia can be dated 
back to 200 BC and the identification of the relation between 
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fits (of eclampsia) and protein in the urine (proteinuria) dates 

back to 1843. On this historical background it is fascinating 

to see that even with enormous scientific and clinical in-

vestments, the etiology of preeclampsia is still a mystery. 

Quite a variety of aspects are still obscure, including how 

and when preeclampsia develops, where are the main tissues 

contributing to the changes in factors, which tissues are 

mainly affected and whether it is mostly placenta-derived 

factors or whether maternal factors contribute to the syn-

drome as well. There is a general consensus that the placenta 

rather than fetus or mother is the initial source of factors 

leading to the development of preeclampsia. Of course, 

manifold other factors from both individuals increase or re-

duce the symptoms of preeclampsia, most of which are still 
under discussion. 

2.2. Definition of Preeclampsia 

 Similar to fetal growth restriction, preeclampsia is one of 

the major syndromes leading to fetal and neonatal as well as 

maternal morbidity and mortality. A recent report displays 

that 2-8% of all pregnant women worldwide suffer from 

preeclampsia [1]. Additionally, preeclampsia has been 

shown to put another burden on mother and child as it in-

duces long-term effects on both, such as a higher risk to pro-
gress towards cardiovascular diseases later in life [2]. 

1873-4316/18 $58.00+.00 © 2018 Bentham Science Publishers  
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 If a so far normotensive pregnant woman is diagnosed 
with hypertension and proteinuria after 20 weeks of gestation, 
she – by definition – suffers from preeclampsia [1]. Hyper-
tension is diagnosed with a systolic blood pressure of 
≥140mm Hg, and/or a diastolic blood pressure of ≥90mm 
Hg, measured two times at least 4h apart. Proteinuria is di-
agnosed with protein in the urine of ≥0.3g protein in 24h 
urine, or a protein to creatinine ratio of ≥0.3. These are the 
two features that have represented the typical criteria for the 
definition of preeclampsia. In recent times, the exclusive 
definition of preeclampsia using the above two criteria has 
been widened and especially in the absence of proteinuria 
other criteria have been included, such as elevated levels of 
serum creatinine (indicating kidney insufficiency), elevated 
levels of liver transaminases in blood, thrombocytopenia, 
and/or pulmonary edema or visual and cerebral disturbances 
[3]. This clinically relevant adaptation of the definition has 
led to challenges in setting up respective cohorts for research 
as the specific definition of preeclampsia (hypertension and 
proteinuria) can no longer be used. 

 Preeclampsia is a pure maternal syndrome, exemplified 
by the fact that more than 80% of all preeclampsia cases only 
show clinical symptoms of the mother, while the baby shows 
a seemingly normal development and growth. At the same 
time, there are cases of preeclampsia, especially the early-
onset cases prior to 34 weeks of gestation, where a combina-
tion of preeclampsia and growth restriction of the fetus can 
be observed. It will be discussed further in this paper, how 
this joint occurrence may develop.  

 Preeclampsia is pregnancy-specific and based on the 
presence of a placenta. The clinical symptoms of preeclamp-
sia are based on the combination of factors released from the 
placenta into the maternal circulation and the maternal re-
sponse and susceptibility to these factors. The combination 
of all the above defines the severity of the symptoms, time of 
onset of the syndrome, progression of preeclampsia and in-
volvement of the fetus. Hence, all individuals and organs 
involved (mother, fetus and placenta) need to be taken into 
account when appraising the source and etiology of the syn-
drome preeclampsia. 

2.3. Subtypes of Preeclampsia 

 Although the etiology of preeclampsia is still a mystery, 
attempts have been made to define specific subtypes of the 
syndrome. One of the most clinically important definitions 
of subtypes is related to the time of clinical symptoms and 
hence the time of delivery. Since the time of onset of symp-
toms is very hard to judge, the gestational age at delivery has 
been taken as a surrogate to define early-onset preeclampsia 
(delivery prior to 34 weeks of gestation) versus late-onset 
preeclampsia (delivery after 34 weeks of gestation). Some-
times, preterm preeclampsia (delivery between 34 and 37 
weeks of gestation) is added, then late-onset preeclampsia 
refers to the deliveries at term (delivery after 37 weeks).  

 The subdivision of preeclampsia into an early and a late-
onset subtype is justified not only because of the different 
gestational ages. Also, other differing characteristics justify 
this separation. In contrast to the late-onset type of 
preeclampsia, the early-onset type of preeclampsia only oc-

curs in 5% to 20% of all preeclampsia cases and is mostly 
associated with: 

• Shallow invasion of extravillous trophoblasts, 

• Reduced transformation of uterine spiral arteries, 

• Changes in placental perfusion with maternal blood 
(higher flow velocities of maternal blood entering 
the intervillous space from inadequately trans-
formed spiral arteries), 

• Changes in fetal perfusion of essential organs in-
cluding the placenta, and 

• Fetal growth restriction. 

 Interestingly, all the above characteristics of the early-
onset type of preeclampsia can be found in pure severe fetal 
growth restriction as well. At the same time, the two sub-
types of preeclampsia (early and late) do not show differ-
ences in hypertension and proteinuria, the characteristics that 
directly define preeclampsia [4]. In the light of the new defi-
nition of preeclampsia, the ISSHP (International Society for 
the Study of Hypertension in Pregnancy) noted that distinc-
tions between early and late onset are only useful for re-
search purposes [5]. 

2.3.1. The Subtype of Late-onset Preeclampsia 

 Most of the preeclampsia research performed today is 
directed towards those cases suffering from a combination of 
preeclampsia and fetal growth restriction. Interestingly, this 
combination can only be found far in less than 20% of all 
preeclampsia cases. The vast majority of cases belong to the 
late-onset subtype of preeclampsia, comprising more than 
80% and up to 95% of all preeclampsia cases worldwide. By 
definition, delivery in such cases takes place after 34 weeks 
of pregnancy. Looking at the growth trajectories of the fe-
tuses of such cases, they mostly show normal growth curves 
and do not show any signs of growth restriction. Some stud-
ies, especially looking at preeclampsia at term even point to 
heavier babies in cases of late-onset preeclampsia. These 
findings go in line with the flow patterns of the maternal 
uterine and the fetal umbilical arteries. In all of these vessels 
no indications for alterations of flow can be detected, includ-
ing the absence of an increase of the pulsatility indices. 

 The above description of features of the late-onset sub-

type of preeclampsia clearly depicts that this syndrome is a 

pure maternal syndrome with very little to no effects on the 

baby. There is still debate what role the placenta plays in this 

scenario. There are three options that may induce the mater-
nal symptoms: 

1) A defect of the placenta affects the maternal system and 
leads to maternal symptoms without affecting the fetus. 

The placenta has been shown to have a very high com-

pensatory capacity. Hence, even if the villous tro-

phoblast is affected in some or larger parts, the other 

parts of the placenta may still be effective enough to en-

able proper growth and development of the fetus. How-

ever, the affected part may well induce systemic altera-

tions of the maternal vasculature resulting in preeclamp-
sia and its symptoms.  
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2) A normal release of factors from the placenta and a 
highly susceptible mother lead to maternal symptoms. 

It has been calculated that in the third trimester about 2g 
to 3g of apoptotic trophoblast material is released into 
the maternal circulation per day [6, 7]. This corpuscular 
material is normally engulfed in the first capillary sys-
tem behind the placenta, the lungs. If the defense sys-
tems of the mother cannot cope with this amount of non-
self material, the apoptotic trophoblast material may be-
come secondary necrotic and thus may result in systemic 
activation and defects of the maternal vascular system. 

3) An increased release of factors from an enlarged surface 
of the placenta (as in multiple pregnancies, high altitude, 
anemia or diabetes mellitus) may even lead to maternal 
symptoms in a normally susceptible mother. Here, the 
same route of effects will then take place as in scenario 
number 2. 

2.3.2. The Subtype of Early-onset Preeclampsia 

 As discussed above, only a small subset of cases (5-20% 
of all preeclampsia cases) ends in the delivery of the baby 
prior to 34 weeks of gestation and hence is referred to as 
early-onset preeclampsia. Clinically, this is the most impor-
tant subtype of preeclampsia as it is associated with the ma-
jority of preeclampsia-related morbidities and mortalities of 
mother and child in the developed world [8]. 

 Both subtypes, early- and late-onset preeclampsia, share 
the maternal features and symptoms of preeclampsia, while 
in clinical routine there are additional features that mostly 
occur in the early-onset type. Features of specific interest 
relate to alterations of blood flow in the uterine arteries of 
the mother as well as the umbilical arteries of the fetus. In-
terestingly, both features are not specific for early-onset 
preeclampsia but are typical features of severe fetal growth 
restriction. This finding reveals that the features of the early-
onset subtype of preeclampsia may not be related to a single 
syndrome but may well be a mixture of two syndromes, 
preeclampsia and fetal growth restriction [4]. This has gener-
ated major speculations and hypotheses during the last dec-
ade. 

 As most cases of early-onset preeclampsia are linked 
with fetal growth restriction, the typical features of severe 
growth restriction of the fetus (high resistance and other 
changes in blood flow of uterine and umbilical arteries) have 
simply been taken to clinically define early-onset preeclamp-
sia. This combination of two syndromes has raised doubts as 
to whether the features of early-onset preeclampsia (exclud-
ing hypertension and proteinuria) are based on the etiology 
of preeclampsia or are based on the etiology leading to 
growth restriction of the fetus [4]. Besides this scientific ap-
proach, it needs to be stated that the combination of fetal 
growth restriction and preeclampsia makes these cases 
highly dangerous for mothers and their preterm babies and 
thus central for clinical intervention. 

3. REBUTTAL OF THE CURRENT HYPOTHESIS ON 

HOW PREECLAMPSIA DEVELOPS 

 Since early studies on preeclampsia cases in the mid 
1960ies, a single hypothesis on how preeclampsia develops 

still exists in the literature. This theory focuses on the failure 
of extravillous trophoblast to sufficiently invade into uterine 
spiral arteries supposed to lead to placental hypoperfusion 
and placental hypoxia. This, in turn, is hypothesized to result 
in altered release of factors from the villous trophoblast and 
thus is supposed to lead to the clinical phenotype of 
preeclampsia. Although a number of data have accumulated 
over time that clearly disprove this hypothesis, it is still pre-
sent and one of the most cited and accepted theories. This 
clearly points to the need for a more serious handling of hy-
potheses and the acceptance of their scientific falsification. 

 Since the above hypothesis is still used as a major basis 
for new studies on preeclampsia, below a short summary of 
the chronology of events of this theory is listed: 

1) 1
st
 trimester: An unknown harmful event affects the ex-

travillous trophoblast. 

2) 1
st
 and 2

nd
 trimester: Extravillous trophoblast invasion is 

impaired resulting in a reduced infiltration and trans-
formation of uterine spiral arteries in the placental bed. 

3) 2
nd

 trimester: Blood flow from the mother to the placen-
tal intervillous space is reduced leading to placental hy-
poperfusion. 

4) 2
nd

 and 3
rd

 trimester: Placental hypoperfusion results in 
placental hypoxia associated with fluctuations of oxy-
genation with hypoxia followed by reoxygenation. 

5) 2
nd

 and 3
rd

 trimester: Placental hypoxia results in dam-
age of the villous trophoblast; 

6) 2
nd

 and 3
rd

 trimester: Altered release of placenta-specific 
factors from the syncytiotrophoblast into the maternal 
circulation. 

7) 2
nd

 and 3
rd

 trimester: Maternal inflammatory reactions 
due to placental factors and development of clinical 
symptoms of the mother. 

 During the last decade, a number of items of the list 
above have been rebutted. Below two of these items will be 
discussed in more detail associated with a critical assessment 
of their scientific value today. 

3.1. Shallow Trophoblast Invasion versus Preeclampsia 

 Clinically, early-onset preeclampsia is more challenging 
than late-onset preeclampsia due to the following reasons: 
(1) If symptoms urge an immediate delivery, this is easy in 
late-onset preeclampsia but may be really difficult in early-
onset preeclampsia at an gestational age of less than 34 
weeks. (2) Since fetal growth restriction is mostly present in 
early-onset cases, two patients need to be taken into consid-
eration, mother and fetus. Due to the greater importance of 
early-onset preeclampsia in clinical practice, this type of 
preeclampsia has gained more attraction and thus more stud-
ies have focused on this type of the syndrome. Over time, 
impreciseness of the definitions of cohorts and subtypes of 
preeclampsia has led to the transfer of the clinical symptoms 
of early-onset preeclampsia to all cases of the syndrome. 

 Although in more than 80% of all preeclampsia cases, 
shallow invasion of trophoblast does not occur, this feature is 
still called one of the major events in the etiology of 
preeclampsia in general. However, it may explain less than 
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20% of all preeclampsia cases, namely those associated with 
severe fetal growth restriction. The remaining majority of 
cases remain excluded and unexplained. 

 It is crucial for the understanding of preeclampsia that the 
cascade of events starting with shallow trophoblast invasion 
and described for early-onset preeclampsia is exactly the 
cascade of events leading to pure growth restriction of the 
fetus without any symptoms of the mother. Thus, a critical 
appraisal is needed to identify whether shallow trophoblast 
invasion is indeed a specific feature of (early-onset) 
preeclampsia or occurs in parallel as a feature of fetal growth 
restriction in such cases. 

 Studies on the usefulness of uterine artery Doppler as-
sessment for the prediction of preeclampsia supported the 
idea of the co-occurrence of symptoms of two different syn-
dromes. Two studies assessed blood flow in the uterine arter-
ies at 11 to 14 weeks of gestation using Doppler ultrasound 
[9, 10]. In the first study the detection rate for early-onset 
preeclampsia was 40% at a 10% false positive rate [9]. In the 
second study the sensitivity to predict early-onset preeclamp-
sia was 33.3% and to predict all cases of preeclampsia was 
21%. In the same group of women, early-onset fetal growth 
restriction was detected with a sensitivity of 100% [10]. This 
data is supported by data from a study of more than 21,000 
pregnant women correlating the presence of a high resistance 
index in the uterine arteries with fetal growth restriction [11]. 
The authors showed that there is a direct correlation between 
high resistance and growth restriction independent on the 
presence of preeclampsia. The numbers of both (high resis-
tance and growth restriction) are highest <34 weeks and de-
crease in parallel until term without any changes in the pres-
ence or absence of preeclampsia. 

 The above studies and a number of other studies do not 

support a direct causal connection between failure in tro-

phoblast invasion and the onset of preeclampsia. It seems as 

if the failure of trophoblast to invade spiral arteries is di-

rectly related to idiopathic fetal growth restriction rather than 

any type of preeclampsia. If this is shown to be the case, the 

specific clinical characteristics of early-onset preeclampsia 

are not related to preeclampsia but due to the parallel pres-

ence of fetal growth restriction. This would further mean that 

the only specific feature of early-onset preeclampsia differ-

entiating this subtype from late-onset preeclampsia is the 

time of delivery - and the co-occurrence of fetal growth re-
striction. 

3.2. Placental Hypoperfusion and Placental Hypoxia ver-
sus Preeclampsia 

3.2.1. Placental Flow of Maternal Blood Early in Preg-
nancy 

 It is general knowledge today that during the first trimes-
ter of pregnancy the human placenta is not perfused with 
maternal blood. Rather, it is a combination of blood plasma 
and secretion products of uterine glands that can be found in 
the intervillous space of a first trimester placenta allowing 
histiotrophic nutrition of the embryo at low oxygen concen-
trations [12, 13]. During this period of pregnancy only 
physically solved oxygen in blood plasma is present in the 
placenta, leading to oxygen concentrations of <20mm Hg 

[14]. Untimely early opening of the spiral arteries and hence 
an early rise in oxygen levels prior to 10-12 weeks may re-
sult in loss of placental mass, fetal growth restriction or even 
spontaneous abortion [15]. Normal flow of maternal blood 
into the placenta and thus hemotrophic nutrition starts at the 
beginning of the second trimester leading to oxygen concen-
trations of about 60mm Hg [14]. Slightly lower levels be-
tween 35mm and 50mm Hg are maintained until the end of 
pregnancy [16-18]. This data shows that reduced flow of 
maternal blood (if hypoperfusion occurs at all) can only start 
after the onset of maternal blood flow into the placenta, 
hence after the beginning of the second trimester. 

 A continuous flow of maternal blood into the placenta is 
achieved by erosion of spiral arteries leading to reorganiza-
tion of the vessel walls to reduce/eliminate vasomotor con-
trol of these vessels by the mother as well as to widening of 
these vessels at their very distal ends towards the placenta. 
This funnel-shaped opening of the arteries is an important 
feature of normal trophoblast invasion and allows normal 
flow of maternal blood into the placenta. 

3.2.2. Funnel-shaped Openings of Spiral Arteries versus 
Placental Hypoperfusion 

 The velocity of maternal blood flowing through uterine 
spiral arteries remains constant during the second half of 
pregnancy with values between 33 cm/s and 50 cm/s [19]. 
According to Burton et al. (2009) the funnel-shaped opening 
of the arteries towards the intervillous space reduces the ve-
locity of maternal blood flowing into the placenta to values 
of about 10 cm/s [20]. At the same time, it is interesting to 
note that these changes at the distal ends of such vessels do 
not change the total volume of blood flowing into the pla-
centa [20]. The reduced velocity of maternal blood flowing 
into the placenta is crucial for (1) the maintenance of the 
fragile villous trees, (2) the distribution of maternal blood 
through the narrow passages between villi and (3) the main-
tenance of the adhesion of anchoring villi to the basal plate. 

 In the presence of shallow trophoblast invasion and fail-
ure of transforming spiral arteries, the funnel-shaped opening 
of such vessels does not properly occur. Rather, the arteries 
remain at their normal diameter until they connect to the 
intervillous space. In such cases, the blood flow into the pla-
centa was calculated to be 1 to 2 m/s, hence 10 to 20 times 
faster than with funnel-shaped endings of vessels [20]. The 
massively increased blood flow velocities have major and 
deleterious effects on the placental villous trees, not related 
to changes in oxygen levels. Increased maternal blood flow 
velocities in the intervillous space will (1) damage the vil-
lous surface, (2) lead to more fibrin-type fibrinoid deposi-
tion, (3) detach anchoring villi from the basal plate, and (4) 
due to (3) decrease the pool of extravillous trophoblasts in-
vading into uterine tissues. All of this will culminate in 
lower gaseous and nutritional exchange and thus growth re-
striction of the fetus. 

3.2.3. Maternal Perfusion of the Placenta versus Placental 
Hypoxia 

 Do the changes in blood flow velocity described above 
lead to placental hypoperfusion and placental hypoxia? Al-
though only little data has been published on oxygen levels 
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during pregnancy and especially in preeclampsia and fetal 
growth restriction, a huge number of publications have based 
their studies on placental hypoxia. Interestingly, the few 
data that have been published on placental oxygenation do 
not support any changes towards reduced placental oxygen 
levels.  

 In 2002 Sibley et al. have analyzed blood samples of the 

uterine veins taken during cesarean section prior to delivery 

of the baby and used the oxygen levels as surrogate for pla-

cental oxygen [17]. This is a valid method as Schaaps et al. 
(2005) have shown that there is a fixed association between 

the pO2 in the placenta and the pO2 in the uterine vein behind 

the placenta [16]. The venous pO2 was calculated to be 1.5 

times higher than the placental pO2 [16]. Sibley et al. (2002) 

focused on early-onset cases of fetal growth restriction with 

and without preeclampsia and compared the values with pre-

term controls with matched gestational age [17]. Taking the 

data from both publications into account, the mean pO2 of 

the preterm control group was 33mm Hg, while the mean 

pO2 in the group of fetal growth restriction (with and without 

preeclampsia) was 42mm Hg. The cases suffering from 

growth restriction and preeclampsia were not different in the 

pO2 values compared to pure growth restriction. The differ-

ence between cases and controls was a 1.3-fold increase in 

the placental pO2 of cases. Hence, this data clearly points to 

placental hyperoxia rather than hypoxia. This is supported by 

the data of oxygen extraction from the placenta, i.e. the pO2 

in the umbilical arteries. This value was reduced in cases 

compared to controls pointing to a hypoxic fetus in such 

cases [17]. Hence, with the same amount of blood and thus 

the same amount of oxygen flowing into the placenta, a re-

duced extraction of oxygen to the fetus has two conse-

quences: (1) a hypoxic fetus suffering from a low oxygen 

supply, and (2) a hyperoxic placenta suffering from a high 
oxygen environment. 

 Another surrogate of placental oxygenation is the as-

sessment of the concentration of oxygenated hemoglobin by 

near-infrared spectroscopy (termed tissue oxygenation index; 

[18, 21]). In healthy pregnant women the tissue oxygenation 

index of the placenta was 71% between 25 and 40 weeks of 

gestation. In cases with pure fetal growth restriction the in-

dex increased to 78% and in cases with early-onset 

preeclampsia and fetal growth restriction the index increased 

to 80% [18, 21]. Transferring these values to pO2 values of 

the placenta reveals a pO2 of 30mm Hg for healthy pregnant 

women, a pO2 of 49mm Hg for cases with fetal growth re-

striction and a pO2 of 54mm Hg for cases with early-onset 
preeclampsia and fetal growth restriction.  

 In summary, the few studies looking at the intraplacental 

pO2 in cases with shallow trophoblast invasion revealed 

higher placental pO2 values in cases with severe fetal growth 

restriction with and without preeclampsia. To date, there is 

no publication presenting any measurements proving hy-

poxia in the human placenta. Thus, combining the calcula-

tions on flow velocities and shape of arterial openings with 

the surrogate measurements of placental pO2 provide evi-

dence for an increased oxygenation level in cases with shal-

low trophoblast invasion. So far, there is no basis to use pla-
cental hypoxia for any hypothesis. 

4. UPDATED HYPOTHESIS OF THE ETIOLOGY OF 

PREECLAMPSIA 

 For preeclampsia to develop it does not only need the 
placenta. It also needs the mother as it is a maternal syn-
drome. Hence, the placenta and the factors released from this 
organ need to be put into a larger context and need to be ana-
lyzed taking the maternal environment into account as well. 
This environment of the mother also includes factors such as 
family history plus her genetic predisposition and her car-
diovascular status. Only the interplay between the mother 
and her susceptibility on one hand and the placenta with its 
particles and factors defines whether or not the pregnant 
woman will develop the syndrome of preeclampsia [4]. 

 Based on the current knowledge, a hypothesis has been 
developed taking the following three variables into account 
(Fig. 1): 

 A) Maternal susceptibility 

1) A normal healthy pregnant woman versus, 

2) A pregnant woman who is highly susceptible for fac-
tors/particles released from the placenta (including 
women with risk factors such as previous preeclamp-
sia, pre-pregnancy hypertension, coagulation dis-
eases etc.); 

B) Development of the villous trophoblast 

1) A normal development of the villous trophoblast 
with release of apoptotic syncytial knots not induc-
ing an inflammatory response of the mother versus, 

2) A dysregulated turnover of villous trophoblast result-
ing in aponecrotic and necrotic release of particles 
[6] and systemic activation/damage of the maternal 
vascular system; 

C) Development of the extravillous trophoblast 

1) A normal development of the extravillous tro-
phoblast with appropriate invasion into all luminal 
structures of the placental bed [22-25] versus, 

2) Failure of extravillous trophoblast to sufficiently in-
vade into spiral arteries. 

4.1. Options with a Pregnant Woman and a Normal Pla-

centa 

 Based on the list above, the variables A1 and A2 are 
combined with the variables B1 and C1. 

 Fig. (2A) displays the scenario during normal healthy 
pregnancy with a healthy pregnant woman (A1) and normal 
development of the placenta including villous (B1) as well as 
extravillous (C1) trophoblast. This pregnancy should lead to 
a healthy baby and should not result in the development of 
preeclampsia or fetal growth restriction. 

 Fig. (2B) displays the scenario in which a susceptible 
pregnant woman (A2) is confronted by a normally develop-
ing placenta including normal development of villous (B1) 
as well as extravillous (C1) trophoblast. This pregnancy may 
well lead to the development of preeclampsia, while devel-
opment of fetal growth restriction is very unlikely. 
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Fig. (1). The newly developed hypothesis described in the text, takes into account three variables: maternal susceptibility, development of the 

villous trophoblast and development of the extravillous trophoblast. Each of the three variables is further divided into two opposite pathways. 

 
 These options are characterized by a normal release of 
particles and factors from the syncytiotrophoblast of a nor-
mal placenta by late apoptosis and controlled secretion [6]. 
The defect of the maternal defense system of a susceptible 
woman (Fig. 2B) may only be present in the scavenging sys-
tems, may be present in specific signaling pathways of e.g. 
kidney and/or liver, may be present in the endothelium or in 
leukocytes or may comprise up to all of them and more. 
Here, the pregnant woman may already be aware of predis-
posing factors such as chronic hypertension or renal disease 
or may have alterations on a subclinical level that have not 
become apparent prior to the stress test of pregnancy. 

 The options with a susceptible woman (Fig. 2B) also 
include cases with normal placentas presenting a larger mass 
and/or surface such as in diabetes, large-for-gestational-age 
babies, in multiple pregnancies or at high altitude. Character-
istic for all these cases is a larger surface and hence an in-
creased number of particles/factors released from the syn-
cytiotrophoblast. The mother may easily cope with this in-
creased amount or her defense and scavenging systems may 
be overloaded. In such a case the apoptotic syncytial knots 
may stay in blood for too long and may become secondary 
necrotic. Then again a systemic effect of this material may 
arise, ending up in the clinical symptoms of preeclampsia. 

 Depending on the degree of the maternal susceptibility, 
damage of parts of the vascular system and/or overload of 
the defense and scavenging systems will mostly result in 

late-onset preeclampsia. Looking at placentas with more 
surface/mass, the overload and subsequent damage depends 
on the quantity and quality of particles released from the 
syncytiotrophoblast. This option may result in early-onset 
preeclampsia as well. 

 Since the placenta with all its cell populations develops 
normal in these options (Fig. 2), the fetus should develop 
normal as well and should not show any signs of growth 
restriction. 

4.2. Options with a Healthy Pregnant Woman and a 

Partly Affected Placenta 

 Based on the list above, the variable A1 is combined with 
the variables B2 or C2. 

 Fig. (3A) displays the scenario with a healthy pregnant 
woman (A1), normal development of the extravillous tro-
phoblast (C1) but defective development of the villous (B2) 
trophoblast. This pregnancy should lead to a healthy baby 
with normal growth but may well result in the development 
of preeclampsia. 

 Fig. (3B) displays the scenario in which a healthy preg-
nant woman (A1) is confronted by a normally developing 
villous trophoblast (B1) but a defectively developing extrav-
illous (C2) trophoblast. This pregnancy may well lead to the 
development of fetal growth restriction, while development 
of preeclampsia is very unlikely. 
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Fig. (2). Sequence of events in cases with a healthy (A) or a sus-

ceptible woman (B) and a normally developing placenta. The op-

tion in (A) is the basis for a healthy pregnancy, while the option in 

(B) may well lead to early or late preeclampsia without fetal growth 

restriction. 

 

 
 

Fig. (3). Sequence of events in cases with a healthy woman and a 

placenta with a dysfunctioning villous (A) or extravillous (B) tro-

phoblast. The option in (A) may result in late-onset preeclampsia 

without growth restriction, while the option in (B) may lead to 

growth restriction without preeclampsia. 
 
 The option in Fig. (3A) includes maldevelopment of the 
villous trophoblast. Additionally to the release of apoptotic 
syncytial knots into maternal blood [4, 6, 26], in this option 
also subcellular fragments are released including necrotic 
and aponecrotic particles as well as free molecules such as 
proteins and DNA [4, 26]. Such subcellular micro- and 
nanoparticles [27] systemically activate the maternal endo-
thelium and may finally result in damage of the maternal 
vascular system [28]. The maldeveloped villous trophoblast 

continuously and increasingly releases factors and non-
apoptotic particles activating and injuring the maternal endo-
thelium and the whole vascular system finally leading to an 
inflammatory response of the mother and the clinical symp-
toms of preeclampsia. Since the extravillous trophoblast is 
not affected and shows a normal development, perfusion  
of the placenta and nutritional support of the fetus are nor-
mal; hence, growth of the fetus should be normal as well 
(Fig. 3A). 


������
-

 �����
,������	�����������

 �����
()���&������	�����������

��
�����	
�	����
���

����������

�������	������	����

���������	#�������
�'	���������

 �����	�&����	���
������	��������

 �����	
�������	&�������	������

����	��������	���'����
����	�������	����#


������
-

 �����
,������	�����������

 �����
()���&������	�����������

��������� ������	����

���������	#�������
�'	���������

 �����	�&����	���
������	��������

����
���	���	������
�������	&�������	������

����	��������	���'����
����	�������	����#

��
����	��
���	��������
�

���
�����	
�	����
���

����������

��
����	��
���	��������
�

����
��	���� �	������� �
���
��� �	�
����	�������

�

+


������
-

�  ���
,������	�����������

 �����
()���&������	�����������

���
����
���	����������

�������	������	����

���
��� #�������
�'	���������

 �����	�&����	���
������	��������

!�����
�������	&�������	������

����	��������	���'����
����	�������	����#


������
-

 �����
,������	�����������

�  ���
()���&������	�����������

�������	������	����

���������	#�������
�'	���������

�����
� �&����	���
������	��������

 �����	
�������	&�������	������

���� ��������	���'����
����	�������	����#

��
����	��
���	��������
�

��
�����	
�	����
���

����������

���
����	��
���	��������
�

����
��	���� �	������ ������� �
���
��� �	������ �  ��� �������

�

+



778    Current Pharmaceutical Biotechnology, 2018, Vol. 19, No. 10 Berthold Huppertz 

 
 

Fig. (4). Sequence of events in cases with a susceptible woman and 

a placenta with a dysfunctioning villous (A) or extravillous (B) 

trophoblast. The option in (A) may result in early-onset preeclamp-

sia without growth restriction, while the option in (B) may lead to 

growth restriction plus preeclampsia. 

 

 
 
Fig. (5). Sequence of events in cases with a healthy (A) or suscep-

tible (B) woman with a fully affected placenta (villous and extravil-

lous trophoblast are affected). The option in (A) may result in late-

onset preeclampsia with growth restriction. The option in (B) is the 

worst case scenario with early-onset preeclampsia and fetal growth 

restriction. 
 

 The option in Fig. (3B) includes maldevelopment of the 
extravillous trophoblast. This option is characterized by a 
normal release of apoptotic particles from the villous tro-
phoblast. However, due to a defect in the development of 
the extravillous trophoblast it is characterized by an inade-
quate invasion/transformation of uterine luminal structures 
(Fig. 3B). 

 The last few years have seen a dramatic change in our 
view of how trophoblast invades into uterine tissues and 
which type of luminal structures are eroded [13, 22]. For the 
last fifty years the focus was on the invasion and transforma-
tion of uterine spiral arteries by endovascular trophoblast. 
This has very recently been extended and it has become clear 
that extravillous trophoblasts invade into all luminal struc-
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tures of the placental bed, i.e. uterine arteries and veins, 
lymph vessels as well as uterine glands [22]. 

 Invasion into uterine glands by endoglandular tro-
phoblasts has been identified to take place as early as during 
the first days of implantation [29]. Thereafter, invasion into 
uterine veins takes place by endovenous trophoblasts to al-
low backflow of secretion products of the uterine glands into 
the maternal system [22, 23, 24, 25]. Shortly afterwards, 
invasion and transformation of spiral arteries is established 
by endoarterial trophoblasts [22]. Invasion into lymph ves-
sels by endolymphatic trophoblast [22] has been reported 
with so far unclear functional aspects [23, 25]. 

 Today, there are no studies on the effect of deficient tro-
phoblast invasion into glands, veins and lymph vessels. In-
adequate invasion of endoglandular trophoblasts into uterine 
glands could lead to diminished histiotrophic nutrition of the 
embryo during the first trimester of pregnancy. The result 
could be growth restriction or even spontaneous abortion 
very early in pregnancy. Additionally, inadequate invasion of 
endovenous trophoblasts into uterine veins could lead to di-
minished draining of maternal plasma and secretion products 
from the placenta back into the maternal system early in 
pregnancy. It may also affect draining of maternal blood later 
in pregnancy. This reduced draining will negatively influence 
flow of maternal plasma/blood through the placenta and will 
thus negatively affect supply of the embryo/fetus. 

 No information on inadequate invasion of glands and 
veins is available. So far, only the effects of defective inva-
sion and transformation of spiral arteries by endoarterial tro-
phoblasts has been extensively studied. As has already been 
outlined above, inadequate invasion of spiral arteries does 
not at all result in reduced blood flow into the placenta and 
hence is not associated with placental hypoxia [4, 20]. 
Rather, the augmented velocities of maternal blood flowing 
into the placenta damage the fragile villous trees of the pla-
centa and affect blood flow and thus peripheral resistance 
within placental vessels. Secondary effects of the increased 
peripheral resistance could be alterations of placental perfu-
sion and hence fetal undernutrition. 

4.3. Options with a Susceptible Pregnant Woman and a 

Partly Affected Placenta 

 Based on the list above, the variable A2 is combined with 
the variables B2 or C2. 

 Fig. (4A) displays the scenario with a susceptible preg-
nant woman (A2), normal development of the extravillous 
trophoblast (C1) but defective development of the villous 
(B2) trophoblast. This pregnancy should lead to a healthy 
baby with no fetal growth restriction but will most likely 
result in the development of preeclampsia. 

 Fig. (4B) displays the scenario in which a susceptible 
pregnant woman (A2) is confronted by a normally develop-
ing villous trophoblast (B1) but a defectively developing 
extravillous (C2) trophoblast. This pregnancy may well lead 
to the development of fetal growth restriction, while devel-
opment of preeclampsia is likely as well. 

 The option displayed in Fig. (4A) is an extension of the 
option in Fig. (1B), where a susceptible pregnant woman had 

an increased risk to develop preeclampsia even with a nor-
mally developing placenta. In the current option (Fig. 4A) 
the villous trophoblast is affected and will definitively acti-
vate and damage the maternal vascular system. Hence, it is 
very likely that preeclampsia will occur early during the third 
trimester. 

 The option displayed in Fig. (4B) is based on the option 
in Fig. (1B), where a susceptible pregnant woman had an 
increased risk to develop preeclampsia with a normally de-
veloping placenta. In the current option (Fig. 4B) the extra 
villous trophoblast is affected and will result in the 
inappropriate flow of maternal blood to the placenta and 
hence may result in fetal growth restriction. 

4.4. Options with a Pregnant Woman and a Fully Af-

fected Placenta 

 Based on the list above, the variables A1 and A2 are 
combined with the variables B2 and C2. 

 Fig. (5A) displays the scenario in which a healthy preg-
nant woman (A1) is confronted by defective development of 
villous (B2) as well as extravillous (C2) trophoblast. This 
pregnancy will most probably result in a growth restricted 
baby and a mother suffering from late-onset preeclampsia. 

 Fig. (5B) displays the worst scenario in which a suscepti-
ble pregnant woman (A2) is confronted by a defective pla-
centa with abnormal development of villous (B2) as well as 
extravillous (C2) trophoblast. Such pregnancies are those of 
highest clinical relevance as the fetus will be growth re-
stricted and the woman will most likely develop early-onset 
preeclampsia [30]. 

CONCLUSION 

 The developmental processes leading to preeclampsia are 
still mostly unclear and obscure, pointing to the necessity of 
more impartial studies and hypotheses. The above list of new 
options to explain the etiologies of preeclampsia as well as 
fetal growth restriction clearly shows the need of open-
minded discussions of the topic and a new set of studies to 
identify the origins of both syndromes. Of course, the above 
hypothesis puts the placenta and the mother into specific 
groups, while in real life there are ranges of normality and 
ranges of susceptibilities that allow blurring of the borders 
between the options described above. 

 The recently identified new pathways and structures of 
trophoblast invasion open the way to newly designed studies 
and respective new perspectives. Today, a holistic approach 
needs to be chosen that takes into account the close interac-
tion between maternal, fetal and placental factors and cells 
since a single factors/partner cannot explain the whole inter-
active scenario. 
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