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ABSTRACT 
 
 

The preeclampsia event horizon 
Thomas Byrne 

Preeclampsia, one of the great obstetrical enigmas, has been described as a syndrome of theories. 
none of the theories explain the onset of preeclampsia in every or even most clinical scenarios. It has 
been described as a failure of placental invasion, an autoimmune phenomenon and a complex medical 
disorder. it is sometimes some of these things. This paper describes the normal process of placentation 
and the normal and abnormal placental signaling involved in the causation of this disorder. This theory 
of a preeclampsia event horizon explains the signaling pathophysiology and it's origin in local or 
widespread placental hypoxia that leads to the set of symptoms we define as preeclampsia. It describes 
the four pathways leading to this disorder and hypothesizes new testing needed to more precisely 
define preeclampsia and it's sequelae. 

REVIEW 

OPEN ACCESS 

Medical Research Archives, Volume 14 Issue 8 

https://doi.org/10.18103/mra.2026.0432


  

Medical Research Archives | https://doi.org/10.18103/mra.2026.0432  2 

THE EUROPEAN SOCIETY OF MEDICINE 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

AUTHOR AFFILIATIONS 
St. Barnabas Hospital Bronx, New York 
 
*Corresponding Author: 
Thomas Byrne 
St. Barnabas Hospital Bronx, New York 
E-mail: bordergyn@yahoo.com 
 
 

DOI 
https://doi.org/10.18103/mra.2026.0432  
 
CITATION 
Byrne, T., 2026. The preeclampsia event horizon. Medical Research Archives, [online] 14(8).  
https://doi.org/10.18103/mra.2026.0432 
 
COPYRIGHT 
© 2026 European Society of Medicine. This is an open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited.  
 
ISSN 
2375-1924  
 

https://doi.org/10.18103/mra.2026.0432
mailto:bordergyn@yahoo.com
https://doi.org/10.18103/mra.2026.0
https://doi.org/10.18103/mra.2026.0


  

Medical Research Archives | https://doi.org/10.18103/mra.2026.0432  3 

THE EUROPEAN SOCIETY OF MEDICINE 
 

Introduction 
Clinically relevant problems develop when physiologic reactions lead so far away from the balance point 
that a pathway back to homeostasis is not obtainable. As an example, small amounts of bacteria in our 
bloodstream are dealt with all the time. When the number of bacteria exceed the capacity to manage them 
without change in homeostasis, we produce fever, increased defense stimulators, increased white cell 
production and other changes that allow us to clear these bacteria. If the number of bacteria exceed this 
then we approach a pathophysiologic process which I call an event horizon in which we may not be able to 
return to health and homeostasis without help, i.e. iv fluids, antibiotics, corticosteroids, surgery, etc. In a 
similar vein, pregnancy progresses by normal physiologic processes that increase cardiac output, respiratory 
exchange, available metabolic building blocks, stimulators of vascular growth, etc. all to allow increasing 
placental blood vessel development and transfer of metabolic building blocks and oxygen to the developing 
fetus and allow fetal transfer of waste products and gases to the maternal vascular system. Once the 
maximum physiologic response to assist in placental growth and to maximize placental blood flow occur 
further stimulation OF THESE SAME PROCESSES leads to the syndrome we call preeclampsia. This paper 
proposes a new theory of preeclampsia which I call the preeclampsia event horizon. I will first describe the 
physiologic processes that control placental growth and the placental response to normal and reduced 
oxygen and then the four classes of prepregnancy pathophysiology that lead to the four described pathways 
to the preeclampsia event horizon. Each of the four types of patients described in this paper approach the 
event horizon from a different starting point but all develop the same syndrome when they can no longer 
maintain homeostasis in the face of rising placental vasoconstrictors and endothelial activators produced in 
response to local then more generalized placental hypoxemia. Unlike other theories of preeclampsia, every 
aspect of this theory is supported by the latest knowledge of fetal, placental and maternal physiology. This 
paper also proposes the addition of tests for endothelial activation which constitute an important part of the 
preeclampsia syndrome but are presently not being evaluated and possible treatments to temporarily 
alleviate the disease process. 
 

Hypothesis 
Preeclampsia is a set of pathologic reactions caused by overstimulation of the normal physiologic signaling 
processes of pregnancy. These normal processes involve signaling from the placenta that increase maternal 
blood pressure to increase placental perfusion, increase signals for placental vessel growth and increase 
stimulation of vascular endothelium to maximize placental invasion and transport. There are probably others. 
All placentas experience lowered oxygen levels, at least locally by the end of pregnancy. When areas of 
placenta that are hypoxic are larger than those experiencing normal placental oxygen the placenta produces 
relatively fewer vasodilators and endothelial relaxants and increases production of vasoconstrictors and 
endothelial activators to a point beyond maternal which maternal vascular and endothelial homeostasis 
cannot be achieved until delivery of the placenta. Pregnant patients can develop any one of four clinical 
scenarios leading to the same series of pathophysiological interactions between the fetus, placenta and 
mother that we have named preeclampsia, PIH. These scenarios are: 1) a failure of sufficient invasion and/or 
placental growth leading to too small a placental exchange surface to support a normal fetal carcass size 
leading to local then generalized placental hypoxemia, 2) normal placentation followed by the development 
of a fetal/placental mass that is beyond the capacity of this normal placenta and maternal cardiovascular 
system to support again leading to local then widespread placental hypoxemia, 3) normal placentation and 
growth but a limited maternal capacity, from various causes, to expand vascular volume and/or cardiac 
output or oxygenation required to support the increasing placental needs of an advancing otherwise normal 
pregnancy leading to local then wider spread placental hypoxemia, 4) maternal pre pregnancy endothelial 
activation with widespread endothelial and platelet overactivation which when combined with the normal 
pregnancy increases in endothelial activation lead to widespread inflammation, thrombosis and renal 
dysfunction when even localized placental hypoxemia occurs. All four of these scenarios lead to the same 
placental-maternal interaction that results in a clinical syndrome which I call the preeclampsia event horizon 
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when a large enough volume of the placenta experiences enough hypoxia to change from the normal 
pattern of placental secretion to one of hypoxemia.  
 

Present knowledge of placental development and maternal interactions during 
pregnancy 
 

A. Placental invasion 
The decidua and the maternal myometrium are invaded from cells of the extravillous trophoblast1. The exact 
control mechanisms such as: preimplantation factor, PIF, peroxisome proliferator-activated receptor-
gamma, PPAR gamma, and other known and suspected factors control how deep and how widespread this 
invasion is. These are just starting to be elucidated in both normal and abnormal pregnancies2,3. The 
complete picture is at present unknown but a concise article of what is known now can be found by Knofler 
and Pollheimer in Placenta4. The trophoblast cells express a unique pattern of antigens that preclude any 
immune response or repression of such a response for successful pregnancy5. A quote from Moffett-King; 
“No convincing evidence of uterine maternal T-cell recognition of trophoblast cells has ever been found”6. 
This rules out a mythical immune tolerance of pregnancy that is somehow altered in PIH. Vascular endothelial 
growth factor, VEGF, has a structure that in part mimics antibodies and some laboratory tests detecting 
“antibodies” are probably detecting VEGF7. It has been found recently that some antibodies found in 
patients with lupus who have some kinds of antiphospholipid antibodies inhibit the degree and depth of 
invasion of trophoblasts8. This is not necessarily an immunological reaction but perhaps an interference with 
lipids especially heparins and their receptors found on the leading edge of trophoblast invasion which are 
involved in determination of depth and width of decidual/uterine invasion and trophoblastic reproduction 
and apotosis9,10. This also does not mean natural killer cells and other maternal cells present in the uterus 
are not involved in the signaling involved in determination of trophoblast invasion11. They are involved in 
signaling interaction with trophoblasts, but not in the sense of causing or preventing rejection12. They 
excrete signals that encourage trophoblastic invasion. Extravillous trophoblasts invade into the decidua and 
myometrium very early in gestation. There is a poorly understood interaction between trophoblasts and 
decidual cells including maternal immune cells which determines depth and perhaps width of invasion13,14,15. 
It has been suggested that widespread invasion and widespread temporary blockage of spiral arteries leads 
to a larger placental surface. This makes sense in that blockage of oxygenation would lead to increased 
VEGF production later and a subsequent larger vascular mass16. Is some studies even late in the first trimester 
lower levels of VEGF and PlGF were associated with a higher risk of later developing preeclampsia17. Also, 
that widespread invasion but limited blockage of spiral arteries leads to a smaller potential placental mass 
due to apotosis of trophoblast invaders from hyperoxia and reactive oxygen species cell damage and reduced 
VEGF production which is normally prevented by the temporary blockade of local maternal spiral arteries 
leading to lower local oxygen pressure in the early developing placenta. Natriuretic peptides atrial, brain and 
c, ANP, BNP, CNP are all produced by the placenta apparently by cytotrophoblasts not syncytiotrophoblasts 
and are involved in placental and vascular invasion and growth18. ANP and BNP are released as inactive 
propeptides that require cleavage into smaller active signals. Corin is transmembrane peptidase that is more 
active in cleaving ANP than BNP. Corin unlike other peptidases such as trypsin is bound to basement 
membranes so the ANP and BNP it activates works locally19. The natriuretic peptides act to block the effect 
of angiotensins and act locally to enhance circulation. This effect is not mediated by nitrous oxide production 
but another unknown mechanism20. Genetic changes to corin may reduce placental invasion and may later 
reduce the effectiveness of systemic natriuretic peptides and in two ways lead to preeclampsia21. This is 
because a less active corin would reduce local and systemic i.e. (renal) natriuretic peptide activity22. 
 

B. Development of placental vasculature. 
After trophoblasts invade into decidua a large proportion of them develop into small vessels and then these 
vessels coalesce into larger vessels and a capillary system feeding the developing placental cotyledon. 
These vessels form primary villi then secondary and finally mature or term villi. An excellent review of this 
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complex anatomy is the two-paper series in Anatomy and Embryology by Leiser R., et.al.23,24 The three-
paper series produced by one of the same authors and others describes some of the morphology and the 
molecular signaling involved in reaching a term placenta, 20 years after the first article25,26,27. The various molecular 
signals, and probably the ambient O2, lead to the development of villi with very short looping capillaries in 
the center of a cotyledon where the O2 levels are higher and long unlooped capillaries in the same cotyledons 
periphery where the O2 concentration is lower. This leads to effectively two populations of villi. Those in the 
center of each cotyledon who are exposed to the highest O2 level and have the lowest minimal resistance 
due to shortened loop lengths and those at the periphery who are exposed to the lowest ambient O2 and 
have the highest minimal resistance from their long capillary length. This also means that there are effectively 
two groups of villi producing two different sets of signals from their own perceived oxygen pressure.  
 

C. Maternal decidual blood flow 
It is well established that maternal blood flow to the uterus increases during pregnancy. The volume of total 
uterine flow increases more in pregnancies destined to have normal growth compared to pregnancies with 
documented intrauterine growth restriction28. This reduced flow has been attributed to reduced 
trophoblastic invasion of maternal spiral arteries29,30. Does reduced dilation of spiral arteries reduce total 
flow or simply reduce the pulsatility of blood flow into the placental bed? There are no studies to decide 
this at present. The assumption is that less spiral artery dilation must be associated with reduced maternal 
decidual flow31. There is a pattern of maternal uterine artery “notching” that is present at a higher rate in 
patients with early growth restriction and PIH32. This difference has been noted even in the first trimester in 
a percentage but not all of the women with these outcomes33. It has been established that only a percentage 
of IUGR pregnancies even in groups at high risk for PIH or IUGR have this pattern34. This pattern of notching 
is presumed to be caused by reduced trophoblastic invasion of decidua and maternal arteries that feed the 
placenta and this has been associated with abnormal Corin activity, and increased concentrations of Fms-
like tyrosine kinase-1, vascular endothelial growth factor, VEGF, and placental growth factor, PlGF35,36. 
 

There is an undefined level of placental control of blood flow to the decidual bed that has not been explored 
to any great degree. This is the apparent placental effect on maternal decidual flow can be seen 
experimentally in animal models of umbilical artery occlusion37. It can also be seen in sheep pregnancy 
models of severe fetal hypoxia or death38. This was originally thought to be caused by increased fetal 
placental capillary volume in this model. Another explanation might be that reduced fetal oxygenation leads 
to reduced placental production of vasodilating eicosanoids like prostacyclin39,40. Even with experimental 
prostaglandin production blockade, there is an unknown mechanism that maintains uterine perfusion 
pressure over a wide range of maternal perfusion pressures41. There must other paracrine or autocrine factors 
such as nitrous oxide, NO and hydrogen sulfide, H2S causing maximal decidual flow that is produced in 
healthy pregnancies and stops almost immediately with fetal death in experimental models, or that causes 
a decreased flow and is produced with fetal death. This signal probably has an effect downstream from fetal 
cotyledons in the maternal decidua or venous system to have this effect. This mechanism of reduced 
placental flow after fetal demise is unknown. The fetal placental blood flow is determined by the innate 
capillary resistance which as we discussed depends on the oxygen environment each cotyledon develops in 
and the ambient oxygen pressure in the decidua at each moment. Lower total oxygen triggers a fetal signal 
in placental veins through a K+ channel present if fetal placental endothelium42. There is not much more 
known about the control and signaling involved in placental blood flow. We know experimental occlusion 
of parts of maternal blood flow causes alteration to blood flow in the affected areas43. Endothelin is probably 
one of the local factors and it is produced in increasing amounts as pregnancy progresses but the placenta 
also produces Endothelin receptors and it is thought that most Endothelin is locally consumed44. 
 

D. Placental space oxygenation 
The placental space has a very low oxygenation in the first trimester at about 17.9 mmHg, lower than the 
endometrium which is about 39.6 mmHg45. This changes to about the same reading for both by 12 weeks 
of gestation. It was noted in 2000 that in apparently normal pregnancies the placental oxygen level rose 
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from about 20 mmHg to about 55 mmHg between 60 and 110 days of gestation46. It then slowly falls to 
about 40 mmHg by term47. There are recorded cases of lower values in labor during cesarean section48. This 
must lead to a variation in oxygenation from high areas around uterine arteriole and the central placenta 
core to lower areas closer to the uterine veins and the placental periphery. As oxygen is absorbed into the 
fetus and as the fetus grows larger and absorbs more oxygen presented to it as the pregnancy progresses, 
these areas of oxygen disparity must increase. See illustration 1. 
 

E. Maternal vascular and endothelial responses to normal placental oxygen concentrations during pregnancy 
Maternal vascular volume gradually increases in normal pregnancy as does cardiac output in part from 
increased heart rate49. A large part of the increased cardiac output is from increased stroke volume from 
reduced vascular resistance even by 8 weeks of gestation50. There is a continuous plasma volume expansion 
from continued sodium retention until the final weeks of pregnancy, despite markedly increased glomerular 
filtration and elevated concentrations of potent natriuretics such as brain natriuretic peptide, bANP51. This 
is partly explained by increases in sodium retainers especially steroids such as aldosterone. There is a 
physiologic drop in blood pressure in the middle trimester compared to the other two despite the increased 
cardiac output. There is a limit to maternal cardiac responses even in normal patients with normal 
pregnancies. Longitudinal passive leg raising in normal pregnancy shows a progressive limitation of preload 
reserve and contractility52. The blood hemoglobin and hematocrit decrease in normal pregnancy. This serves 
to reduce blood viscosity and secondarily to reduce shear which is related to the viscosity of a fluid. Reducing 
shear would reduce the level of endothelial activation, especially of von Willebrand factor, and could 
potentially increase blood flow in the decidual bed. The normal angiogenic signaling involved in vessel 
growth in the pregnancy lead to these changes. As the pregnancy progresses past the first trimester the 
endothelial plugs in maternal vessels feeding the decidua are lysed. This leads to an increased oxygen level 
in this space. In response to this vascular buds release VEGF, PlGf, Ang2 and other pro angiogenic factors 
causing stalk cells to sprout from the fetal placental bed and grow into the decidual space surrounded by 
syncytiotrophoblasts. An overview of this complex process is provided by Duran et.al.53 VEGF increases 
prostacyclin production54. It also causes an VEGF increased uterine artery endothelium production of NO55. 
It also increases the release of hydrogen sulfide through activation of cystathione gamma lyase56. This same 
cascade causes excess secretion of PlGF, VEGF, NO, phospholipase 2 and other known and unknown signals 
into the maternal circulation which causes vascular relaxation in part through resistance to maternal 
angiotensin. Endothelin is produced in increasing amounts as pregnancy progresses57. It is thought to be 
mostly metabolized locally in the placental circulation because the placenta produces even larger amounts 
of endothelin receptor 1 ,ET-158,59. Placental blood flow is at least partially controlled by local production of 
Endothelin and it’s primary receptor ET-160. ICAM 1 and VCAM 1 which are cellular adhesion molecules are 
also produced in increasing amounts in normal pregnancy61. These factors together cause an increase in 
maternal vascular volume, relaxation of maternal capacitance vessels and increased cardiac output, 
maximize uterine arterial flow as well as fetal placental angiogenesis and blood flow through elevated 
cardiac output and lessened total and placental bed vascular resistance.  
 

F. Reaction of the placenta to hypoxia 
The level of oxygen in the fetal uterine space increases to the end of the second trimester in normal 
pregnancies and then slowly drops towards term as was previously mentioned. Figure 1 is a diagram of the 
estimated oxygen levels in the decidual space at various times during late pregnancy. There must be areas 
in this space that have less oxygen from the blood flow in that space. Areas of placenta at the outlet of 
maternal arteries must be exposed to higher oxygen levels and as they absorb oxygen the concentration 
decreases to the lowest level at the entrance to maternal veins draining this same space. As pregnancy 
progresses the placental absorbs a higher amount of oxygen which must lead to greater disparities between 
the highest and lowest oxygen level in this space. Thus there will be an array of placental responses from 
those areas of normal oxygen levels compared to those with relative hypoxemia. That this is a response to 
oxygen concentration is well proven62. The lower oxygenated areas activate the HIF1 (hypoxia-inducible 
factor-1alpha) system with it’s array of responses63. It causes an increase in VEGF production64. HIF-2alpha 
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increases production of a soluble VEGF receptor65. Excess sFlt-1 has the effect of nullifying VEGF and PlGF 
production by adhering to them but not inducing their signals as it does not have the transmembrane 
portion that transmits cellular signals when it is adherent to them as the VEGF-1 and other receptors do. 
The effective blockade of VEGF receptors causes a marked decrease in NO production66. It also reduces 
prostacyclin production67. Blockade of VEGF in the kidney causes reduction in cyclic GMP which reduces 
glomerular filtration rate and reduces renal sodium excretion68. Blockade of VEGF receptors also increases 
Endothelin release from placental endothelium69. It is thought that excess maternal Endothelin from 
placental production rather than Endothelin in the placenta causes maternal hypertension from a non-NO 
related signaling process70. Angiotensin, which is increased in the serum of preeclamptics, causes placental 
release of s-Flt-1 from the placenta via calcineurin signaling71. In clinical practice in fusion of sFlt-1 like 
blockers leads to hypertension and a preeclampsia-like syndrome in patients being treated for cancer with 
VEGF blockers72. Hypoxia also causes increases in local thromboxane production which also increases 
systemic thromboxane concentrations73. Local ICAM and VCAM signaling also decreases with reduced 
oxygen74. The result of all these changes lead to local and non-local increases in endothelial activation and 
dysfunction including elevated von Willebrand factor and reduced ADAMTS-13 activity75. Relative placental 
hypoxia increases placental production of tumor necrosis alpha (TNF alpha) and interleukin 1 (IL-1) both of 
which increase endothelial activation76. All of these responses may be initiated or increased by placental 
trophoblastic mitochondria which when oxidatively stressed by low oxygen levels reduces or stops local 
production of hydrogen sulfide (H2S) which like nitrous oxide acts as a vasodilator and endothelial relaxant77. 
Lower oxygen levels also increase Endothelin production or alternatively reduced placental production of 
Endothelin receptors with the same effect of increasing maternal Endothelin concentration and this also 
leads to perturbations in the Complement system78. Lower oxygen levels also increase Endothelin 
production or alternatively reduced placental production of Endothelin receptors with the same effect of 
increasing maternal Endothelin concentration and this also leads to perturbations in the Complement 
system79. Lower oxygen levels also increase Endothelin production or alternatively reduced placental 
production of Endothelin receptors with the same effect of increasing maternal Endothelin concentration 
and this also leads to perturbations in the Complement system80. 
 

Figure 1:  
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The present state of prediction of preeclampsia  
There is no one test that predicts the development of PIH later in pregnancy. This should not be surprising 
as there is not presently a commonly acknowledged test to differentiate PIH from hypertension even after it 
has developed. The reason that early ultrasounds, tests and history only perceive a percentage of all patients 
who eventually develop preeclampsia is because the scenarios hypothesized in this paper would be 
expected to have different results for these tests before the development of preeclampsia. These scenarios 
lead to the same endpoint; a placental mass that produces more vasoconstriction, more endothelial 
activation and more thrombosis than the maternal circulation can effectively nullify. In the first three 
scenarios the periphery of each functional cotyledon is the first area to sense relative hypoxia before the 
well oxygenated center, surrounding the maternal spiral artery, of that same cotyledon. The relatively 
hypoxic areas then produce vasoconstricting, endothelial and platelet activating substances leading to an 
array of maternal responses which we call preeclampsia. In the last scenario a patient who has a high level 
of endothelial activation, thrombosis and vasoconstriction from various causes pre-dating pregnancy, causes 
the normal increases in activation from pregnancy to push her past the “event horizon” beyond which her 
intrinsic feedback mechanisms can no longer maintain equilibrium and she develops the same symptoms as 
the first three scenarios do from the same pathophysiologic signals from the placenta.  
 

The preeclampsia horizon hypothesis 
There are areas of normal oxygen concentration in the placental maternal vascular spaces and areas of lower, 
even hypoxic, areas even in normal pregnancies. Preeclampsia is caused by an overabundance of hypoxemic 
areas compared to well oxygenated ones causing an imbalance in the production of vascular relaxants to 
constrictors and an imbalance of endothelial quiescence to activation. There are proven metabolic differences 
within the placenta related to their degree of maternal blood flow and presumably this corresponds to levels 
of oxygenation81. This theory presupposes that every pregnant patient has a unique intrinsic endothelial 
activation and level of blood vessel tension. Each patient therefore has a limit which is unique in their ability 
to maintain homeostasis in the face of increasing placental hypoxemic signaling. There are no present 
definitive tests for the level of endothelial activation and the level of arterial constriction and their sequelae 
in humans in pregnancy. Proteinuria does not distinguish between preeclampsia and hypertension or 
determine the risk of maternal or fetal morbidity or mortality82,83. Long-term predictive testing for a single 
parameter will always have poor positive and negative predictive values for preeclampsia because there are 
several pathways or clinical scenarios that eventually cause preeclampsia that have completely different 
initiating pathophysiologies. The four scenarios I have envisioned have different starting points but share 
the same endpoint, excess local or widespread placental hypoxia leading to vascular and/or endothelial 
dysfunction beyond the capability of the patient to maintain homeostasis.  
 

There is one more important concept to understand the preeclampsia event horizon. The mass of the 
placenta or the endothelial volume of the placenta, or volume of maternal placental flow or possibly all 
three, must be large enough to overcome maternal homeostasis mechanisms for endothelial and vascular 
control. A placenta that is hypoxic, but too small, will not cause enough perturbation in the maternal vascular 
system to raise maternal pressure or overcome endothelial homeostasis because maternal homeostatic 
responses are able maintain normal blood pressure and endothelial function in the face of small amounts of 
endothelial activators and vasoconstrictors. This is why preeclampsia is rare or non existent, in patients with 
normal prepregancy physiology, before 24 weeks. It is also why preeclampsia does not occur with molar 
pregnancies unless they are quite large. 
 

Four pathways to the preeclampsia event horizon 
 

1. The “classic” developmental pathway to PIH 
After implantation, the extra villous trophoblasts invade the surrounding decidua including the vessels and 
lymphatics and some continue into the myometrium and its vasculature84. The controls on the limits and 
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extent of invasion are largely unknown. It was originally hypothesized that limited invasion led to poor 
oxygenation of developing placental tissue and this limited the placental size later in pregnancy. It now 
appears that limited early invasion of maternal tissue leads to relative hyperoxygenation of developing 
trophoblast85. This probably leads to increased apotosis of some of the trophoblasts from reduced VEGF 
activity, and to the development of a capillary network, in the developing fetal placental, that has a lower 
surface area and a higher flow resistance than is present in a normal fetal placental capillary network. This 
leads to a placental cotyledon with a larger surface of type A vessels and a smaller surface of type B vessels. 
The limited vascular invasion leads to a reduced maximum oxygen flow into the placental cotyledon space 
and thus when fetal oxygen extraction increases there first local and then widespread hypoxia in this space. 
This in turn leads to an increased production of thromboxanes and peptide constrictors compared to the 
production of prostacyclin and peptide vasodilators and increased activation of placental and systemic 
endothelium. This leads to limited fetal growth and relative hypoxia in a larger percentage of the placental 
surface leading to the production of less vasodilators and vascular relaxants and more endothelial and 
vascular activators and a maternal response to these activators which we call PIH. This causes a slow 
reduction in intravascular volume, increasing blood vessel constriction, a lowered maternal cardiac output 
and increased renal response to lowered glomerular perfusion. This leads to a lowered uterine blood flow 
which causes a vicious cycle of elevated blood pressure and endothelial activation leading to more 
reductions in placental flow and more placental hypoxemia. These patients are mostly the ones that have 
abnormal uterine artery Dopplers before the onset of growth restriction or preeclampsia. 
 

2. The endothelial activation pathway to PIH 
Patients in this category need not experience fetal or placental hypoxia before they exhibit PIH. They have 
an intrinsic elevated endothelial activation level pre-dating pregnancy. Just as in all other biological 
functions, there must be a bell-shaped curve describing the concentration of particular endothelial activators 
as well as the sum of what we shall refer to as total endothelial activation present, in any particular, prior to 
pregnancy. Soluble p-selectin increases as normal pregnancy progresses86. CD40 and CD40 ligand, which 
act as activators of platelets increase in normal pregnancy and even more in PIH87. Von Willebrand factor, 
Vwf, increases in normal pregnancy and more in preeclampsia88. C reactive protein has a wide range of 
concentration in normal women. It increases in concentration as pregnancy progresses89. It increases in 
patients after preeclampsia develops90. Complement C1q has a wide range of concentration in normal 
pregnant women and increases in most patients after they develop preeclampsia91. Dysregulation of 
complement has been reported in preeclampsia92. 
 

There are several subsets of women who before pregnancy have increased endothelial activators and 
presumably an increased but not definable amount of endothelial activation. Patients with metabolic 
syndrome have increased markers of endothelial activation93. This is also true of diabetics of both types and 
of dyslipidemias94,95,96,97. This is also true in the morbidly obese and this endothelial overactivation reverts to 
normal after weight loss98,99. Patients with active systemic lupus and perhaps other autoimmune disorders 
also have increased endothelial activation by various markers100,101. Presence of an active inflammatory such 
as active lupus, active antiphospholipid syndrome, active thyroiditis and active rheumatoid arthritis all have 
markedly increased preeclampsia risks102,103,104,105. This hypotheses supposes that all of these have two 
abnormalities that lead to preeclampsia: overactive endothelium leading to excess coagulation and 
increased placental flow resistance from the endothelium combined with the increase associated with 
normal pregnancy and autoantibodies that probably interfere with normal placental invasion and 
development both leading to the preeclampsia syndrome. Some of these disorders induce each other such 
as the dyslipidemias associated with active lupus, uncontrolled diabetes and morbid obesity106,107. Perhaps 
this is because of metabolic defects they might share108,109,110. Patients with any or all of these disorders share 
a common increased risk of developing PIH111. They also all increase the risk of future cardiovascular disease 
and death from it112. The thesis here is that patients with these active diseases of themselves, since they 
already all have increased endothelial (dys)function, even when they have a normally growing and 

https://doi.org/10.18103/mra.2026.0432


  

Medical Research Archives | https://doi.org/10.18103/mra.2026.0432  10 

THE EUROPEAN SOCIETY OF MEDICINE 
 

functioning placenta, normal early uterine artery Dopplers, a euploid fetus and no excess placental hypoxia, 
can develop preeclampsia because the increased endothelial activation already present combined with the 
normal increase in endothelial activation from paracrine factors produced by the normal placenta pushes 
then over a horizon of activation which leads to widespread maternal microvascular dysfunction and 
thrombosis, hypertension and preeclampsia symptoms.  
 

3. The fetal excess carcass weight pathway 
This is perhaps the easiest to understand from this hypothesis and possibly the most common pathway. An 
average patient with average placental invasion normal uterine artery Dopplers and normal renal and cardiac 
function starts pregnancy out normally. The fetal/placental mass whether from one or more fetii grows to 
such an extent that eventually the fetus has gradually increased maternal uterine blood flow to it’s maximum 
amount. Further growth causes the placenta to start to experience local hypoxia because the growing 
fetal/placental carcass increases oxygen absorption causing the cessation of production of vasodilators and 
endothelial relaxants and production instead of vasoconstrictors and endothelial activators. With increasing 
fetal/placental growth, the areas of hypoxia will increase in volume and in intensity of oxygen deprivation. 
This leads to increasing blood pressure, excess renal excretion of the vascular volume from the perceived 
renal hypertension and subsequent increases in blood pressure, reduction in cardiac output and increased 
endothelial activation and subsequently reduced uterine and subsequently placental blood flow. This cycle 
continues increasing maternal pressure and endothelial activation and decreasing placental oxygen flow 
until delivery or preeclampsia. 
 

4. The maternal prepregnancy pathophysiology pathway 
This is the most diverse but probably has the smallest number of patients excluding the hypertension/renal 
disease category. Chronic hypertension is a known risk factor for developing preeclampsia. Chronic kidney 
disease which is usually but not always associated with hypertension also increases the risk of 
preeclampsia113,114. In part this is because of already present ET-1 production by the diseased kidney causing 
renal vasculature constriction and proteinuria from damage to podocytes115. So increasing ET-1 from the 
placenta even in normal amounts leads to increased renal dysfunction, hypertension and proteinuria. 
Diabetes present before or during pregnancy of both types increases the risk of developing preeclampsia116. 
In part this is because of increased endothelial dysfunction already present from diabetes117. There is also 
more likely to be under lying renal dysfunction118. In addition neonates of diabetic mothers have a higher 
chance of macrosomia119. In my theory of preeclampsia this alone increases the likelihood of widespread 
placental hypoxia from fetal oxygen absorption for the larger fetal mass. Limited cardiac output from valvular 
disease, repaired congenital heart, pulmonary hypertension and cardiomyopathies all have increased risk of 
preeclampsia120,121,122,123. All of these have a limited maximum cardiac output and/or limited pulmonary gas 
exchange capacity which leads to lower uterine blood flow and/or reduced placental oxygenation. There 
are probably other prepregnancy pathologies that also increase the risk of developing preeclampsia. 
 

Discussion 
What is preeclampsia? The simplest description is hypertension of some degree combined with endothelial 
dysfunction of some degree during pregnancy. There are a plethora of trials of screening tests for 
preeclampsia. The screening tests each show low positive predictive values because they are looking at only 
one pathophysiology out of several that will cause patients to eventually develop preeclampsia. Each patient 
has a unique placenta with a unique maternal blood flow and unique fetus attached to it and just as every 
person has a different response to infusions of insulin, angiotensin II, or other paracrine signals, each person 
has a unique response to the placental signaling that will in some cause preeclampsia if the pregnancy lasts 
long enough. Each patient has varying vascular tone, cardiac efficiency, carbohydrate and other 
metabolisms and levels of endothelial activation at the start of pregnancy. It should be no surprise that each 
mother has a unique response to the output of hormonal, vascular and endothelial signals emanating from 
the placenta, in part in response to the fetal sensation of placental physiology or pathophysiology. Each 
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patient has a maximum uterine oxygen transfer capacity while maintaining their own equilibrium. Each fetus 
has a unique need for oxygen. My hypothesis is that preeclampsia is a unique response of a mother to 
signaling from the placenta in response to local and then more generalized placental hypoxemia. The 
placental signals are the same ones that cause placental growth and vascular control. VEGF and it’s 
receptors, PGF, thromboxanes, Endothelin and many other signaling systems that maintain placental growth 
and vascular equilibrium cause preeclampsia in response to this placental hypoxia. We have to look at each 
pregnancy unit: mother, placenta and fetus, and their physiology or potential for pathology to try to 
determine how that pregnancy unit likely crossed the preeclampsia “event horizon.” Once crossed this leads 
to a downward spiral with increasing placental hypoxemia leading to reduced placental blood flow from 
maternal responses to excess placental signals and fetal increasing dysfunction from this until delivery.  
 

What is eclampsia? Eclampsia is posterior reversible encephalopathy syndrome (PRES) severe enough that 
localized cerebral hypoxia causes generalized tonic-clonic seizures during pregnancy. Symptoms of PRES 
include: altered mental status, visual disturbances, neck pain, headache, cortical blindness, and focal or 
generalized seizures. Ophthalmic artery Doppler findings used in severe preeclampsia are similar to those 
seen in nonpregnant patients with PRES. Up to 20% of patients with PRES have normal blood pressure, just 
as some patients with eclamptic seizures are normotensive before seizing. I hypothesize that this subgroup 
develops symptoms because endothelial overactivation reduces cerebral perfusion. Why is magnesium the 
most effective agent for preventing and treating eclampsia? It acts as a vascular relaxant by suppressing 
calcium-dependent receptors that limit blood flow124. It also reduces seizures by blocking the effects of 
glutamate and glycine on calcium-dependent NMDA receptors; both neurotransmitters are released in the 
brain in response to hypoxia125,126. Treatment should continue for at least 12 hours after blood pressure has 
normalized and symptoms have resolved, because magnesium’s effect wears off within a few hours after 
infusion stops as levels rapidly return to normal through uptake of the Magnesium into bone and cells. 
Magnesium does not cure eclampsia; it temporarily partially prevents hypoxia related seizures and may 
improve cerebral blood flow while it is being administered. 
 

What is HELLP syndrome? HELLP syndrome is liver endothelial dysfunction leading to low platelets and 
clotting factors due to activation in the liver circulation and subsequent liver dysfunction and eventual failure. 
This is mimicked by Endothelin infusion in animal models and is thought to be associated with over 
stimulation of Endothelin B receptors127. Infusion of VEGF receptor blockers mimics HELLP syndrome in 
otherwise normal non-pregnant cancer patients128. Endothelin is released from the endothelium when there 
is a paucity of VEGF129. Endothelin B receptors enhance liver injury in primary cholangitis130. Endothelin-1 
levels correlate with degree of liver injury in septic liver failure131. Blockade of Endothelin receptors with 
bosentan or darusentan delays and reduces liver injury in experimental models of diabetes and marrow 
transplantation132,133. So we can induce a HELLP-like syndrome in non-pregnant experimental animals and 
humans in cancer trials solely with Endothelin and an inflammatory reaction from infection organ transplant 
or other inflammation. It is my hypothesis that HELLP is a syndrome caused at least in part from excess 
placental Endothelin production combined with the increased endothelial activation present in pregnancy. 
 

How to apply the theory of a preeclampsia event horizon hypothesis in clinical 
practice 
What does this theory of preeclampsia being the inability to maintain homeostasis from localized then 
generalized placental hypoxia mean? It means no single test will ever predict all patients who will develop 
preeclampsia. It is reasonable to have all pregnancies undergo uterine artery Dopplers at their 20 week 
anatomy scanning. This will define a subset at greater risk of fetal growth restriction and preeclampsia from 
the classic preeclampsia pathway. The other pathways; patients with macrosomia, medical problems, large 
fetal mass (multiple gestations), etc. increasing the risk of preeclampsia need an sFlt-1/PGF ratio at 32 weeks 
or earlier if they develop hypertension as do all patients with abnormal uterine artery Dopplers. This will give 
us a cohort of approximately 25 % of pregnancies whom have markedly elevated risk for preeclampsia134,135,136,137. 
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This would allow 75% of patients to be considered low risk for preeclampsia. All patients with severe or 
uncontrollable blood pressure should have ophthalmic artery Dopplers to rule out early PRES (i.e. severe 
preeclampsia). Patients with abnormal testing should have some test for endothelial dysfunction. This might 
involve the EASIX test, if a standard can be developed for preeclampsia, or von Willebrand factor 
concentration, or ICAM or other tests that actually look at active endothelial dysfunction. For too long we 
have used proteinuria, or it’s amount or change or ratio with creatinine as a measure of a pregnant women’s 
or her fetus’ risk for morbidity when we have known for decades it measures no such thing.  
 

We need to develop tests that clinically separate patients with low risk morbidity and fetal mortality, allowing 
safe prolongation of pregnancy, and those with a higher risk of morbidity and mortality for both mothers 
and neonates138. The ratio between sFlt-1 and PGF has been determined to have a good negative predictive 
value for the weeks following it but the positive predictive value is only about 40%139,140. In the series just 
cited two severe morbidities were missed by the test, a cerebral hemorrhage and another patient with a 
stroke despite “not having preeclampsia.” This could be because we are not testing for endothelial 
activation. Endothelial overactivation is a hallmark of the preeclampsia syndrome141. In internal medicine 
there is a derived index called EASIX. It was developed by Lutz and Panack to predict mortality after organ 
transplantation142. It is a simple test and inexpensive as all you need to calculate it is, the platelet count, LDH 
and serum creatinine. The formula is LDH X creatinine / platelet count. We already measure 2 of these all 
the time and adding an LDH would not cost significantly more. The index specific for pregnancy would use 
a different cutoff for different cancers and transplants so studies would have to be done to determine the 
best one but Lutz started with a ratio of 3. Measurement of von Willebrand factor is another measure of 
endothelial activity143. Irritation or activation of vascular endothelium and platelets leads to excretion of von 
Willebrand factor into the bloodstream and this is used as a marker for increased vascular inflammation144. 
There are a variety of different systems that indirectly reflect the activity of the vascular endothelium. An 
increased activation of the vascular complement is seen in normal pregnancy145. This is especially true of C5 
and C1q levels146. Platelets have a higher level of activation during normal pregnancy which increases 
towards term147. Platelet activation would probably be difficult and hard to reproduce. These tests would 
have to be calibrated specifically for third trimester pregnancy as there are many changes that occur in 
normal pregnancy that have to be considered. Increased von Willebrand factor is noted in normal pregnancy 
and increases later in gestation148. D-dimer a marker of increased coagulation rises until term in normal 
pregnancy149. Levels of nitric oxide, NO, and the ratio of prostacyclin to thromboxane, both markers of 
endothelial relaxation, are also increased in normal pregnancy150. Angiotensin1-7 and VEGF are also increased 
in normal pregnancy and act as local vasodilators151. Genetically altered increases in von Willebrand factor 
increase the risk of developing preeclampsia152. In summary, normal pregnancy has proven increases in local 
activators of endothelial activity and vasoconstriction, this is balanced by an increase of factors involved in 
endothelial relaxation and vasodilation. In short we need to find other parameters to test to reduce the sflt-
1/PlGF missed preeclampsia cases and to increase the positive predictive value of the ratio by itself.  
 

Possible treatments to prolong pregnancy in preeclampsia 
This hypothesis does not “solve” preeclampsia. I believe there is no way over the long-term to increase 
utero/placental oxygenation, so when it develops there is a time limit placed on each pregnancy. That time 
will be different for each pregnancy given the multiple causes and difference in maternal ability to maintain 
homeostasis but it sheds light on where research efforts should concentrate. Hydroxychloroquine has been 
noted in cell studies to reduce production of sFlt-1 in hypoxic placental explants but does not seem to 
reduce markers of endothelial dysfunction in vitro153. It might be more effective in vivo. Hydralazine is an 
effector of enhanced utero-placental flow in animal models whether it has the same effect in preeclamptics 
would need ultrasound testing154. Infusion of atrial natriuretic peptide reduces systemic blood pressure and 
increases placental blood low in experimental animals155. Adenosine has a biphasic effect on placental blood 
flow in experimental animals. It first causes a short phase of reduced floe followed by a sustained period of 
enhanced flow156. Leukotriene receptor blockers cause increased placental blood flow in experimental 
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models157. In the same model it simultaneously increased renal blood flow. Metformin in some clinical trials 
extends the time period for developing severe preeclampsia158. Nitrous oxide is a well known vasodilator 
produced by the placenta in reduced amounts in preeclampsia. It has been used in clinical studies and 
shown to reduce blood flow resistance in the placental system in humans159. All clinical trials seem limited 
by the severe headaches high levels of nitrates cause but it has some good effects on placental blood flow 
and maternal blood pressure160. A more physiological approach may be to induce the placenta to induce 
more of it’s own Nitrous oxide. The human placenta expresses a nicotinic receptor, alpha-7, that when 
stimulated produces Nitrous oxide161. It might be hard to get an experimental committee to agree to use of 
nicotine patches on preeclamptics but there are several other nicotine agonists that are already approved 
for use in pregnancy. To me, tropisetron, which is a congener of ondansetron a common drug used in 
pregnancy in the U.S. may be the drug with the fewest side effects. It is available in Europe and Asia but not 
the U.S. I think any trial of it must involve also giving oral arginine as a nitrate source. A more expansive but 
maybe dated review of this subject was printed in Medical Hypotheses 10 years ago162.  
 

This hypothesis explains the basic pathophysiology of preeclampsia. We now have to develop tests that are 
specific for it and treatments that especially in very early preeclampsia can safely extend the pregnancy to 
allow better fetal outcomes. 
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