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Preeclampsia: Still a Disease of Theories

Edin Medjedovic! ©, Asim Kurjak?, Milan Stanojevic®, Aida Salihagic-Kadic*, Edin Begic®

ABSTRACT

Hypertensive disorders in pregnancy are responsible for more than 60,000 maternal deaths around the world each year, and cause
complications in up to 12% of all pregnancies. Pregnancies complicated by preeclampsia show higher maternal and perinatal
morbidity and mortality. Numerous theories exist attempting to explain the etiopathogenesis of preeclampsia. Preeclampsia
may have early- or late-onset in pregnancy, with the same pathophysiology characterized by disturbed placental perfusion and
endothelial dysfunction preceding the clinical manifestations. Causative therapy for preeclampsia is still missing, and the only
effective therapy recognized so far is delivery, with expected recovery of pregnant women after 6 weeks. Early detection using
general or specialized screening tests can reduce the consequences for health, especially in infants. This review has emphasized
the multifactorial etiology of preeclampsia. Each of the cited etiological factors helps to elucidate the pathogenesis in some
way on the contrary, they also increase the need for the precise detection and understanding of the primary factors, which in
most of the cases remain unknown. Therefore, based on the existing knowledge, preeclampsia may be considered as disease

of theories.

The aim of the paper is to present the characteristics of pregnant women presenting with different types of

preeclampsia, with an overview of the pathophysiological mechanism of the disease.
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INTRODUCTION

Preeclampsia is one of the causes of increased maternal
morbidity and mortality of the fetus or newborn.* *Historically
the triad of hypertension, proteinuria, and edema was
considered preeclampsia, but we stress that the definition
does not require the presence of proteinuria to meet the
diagnostic criteria. The inclusion of fetal growth restriction
in this definition may increase the number of women who
meet the diagnostic criteria for preeclampsia and therefore
represents a significant change, compared to the previous
historical definition.

The aim of the paper is to present the characteristics
of pregnant women presenting with different types of
preeclampsia, with an overview of the pathophysiological
mechanism.

Short History of Preeclampsia

Hippocrates first described the condition when he wrote
in one of his aphorisms convulsions take place from either
the repletion or depletion. **** Hippocrates had observed
the sudden and unexpected appearance of maternal
grand mal seizures, which occurred when preeclampsia
progressed to eclampsia, the word being derived from the
Greek word for lightning.** Presumably, eclampsia was first
confused with epilepsy and not described as a separate
entity until 1739.° The use of the term preeclampsia has
been attributed to Gutsch in 1776, but this has not been well
documented. Nonetheless, it passed many years before it
was universally accepted as a separate disease distinct from
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epilepsy or hysteria.’* Even so, it was not until about 150 years
ago, when protein could be measured in the urine and by the
introduction of blood pressure measurements at the turn
of the 20th century, that they became apparent precursors
to eclampsia. The triad of hypertension, proteinuria, and
edema was defined as preeclampsia. Because of the toxins
that were believed to be in the body of pregnant women, at
that time, around 150 years ago, the disorder was commonly
called toxemia of pregnancy which is not currently in use.
Preeclampsia is nowadays considered a multisystem disorder
connected with increased blood pressure and proteinuria,
and is rarely responsible for multi-organ failure 1#*°

Definition, Classification, and Clinical
Signs of Preeclampsia

Preeclampsia is defined as hypertension (systolic pressure

140 mm Hg or diastolic pressure 90 mm Hg) after the
20th week of gestation, with one or more of the following
symptoms: proteinuria, organ dysfunction (including kidney
and liver, followed by hematological and/or neurological
complications), and sometimes the presence of fetal growth
restriction.*** It is the cause of increased morbidity and
mortality of the mother, fetus, and newborn.!

Preeclampsia may have early- or late-onset, with the
same pathophysiology characterized by disturbed placental
perfusion and endothelial dysfunction, which precede the
clinical manifestations.®*? Early-onset preeclampsia begins
before 34 weeks of gestation, while late-onset preeclampsia,
with a prevalence of 5% occurs within 48 hours of the
delivery.®*5 Early-onset preeclampsia is a more serious
disease than late-onset.'? As stated before, clinical changes
in preeclampsia occur in the second part of pregnancy, but
certain hemodynamic and biochemical changes may be
noticed even earlier.?

The clinical signs of preeclampsiaare hypertension,edema,
visual disturbances, confusion, pain in the epigastrium or the
right upper abdominal quadrant, nausea, vomiting, shortness
of breath, dyspnea, oliguria, and exaggerated (brisk) deep
tendon reflexes.? ¥ The diagnosis of preeclampsiais made on
the basis of the presence of mentioned clinical signs and the
symptoms, which may be mild or severe. Preeclampsia may
affect the fetus with the following conditions: intrauterine
growth restriction (IUGR), oligohydramnios, abnormal fetal
oxygenation, and impaired fetal behavior.® 12

Hypertensive conditions in pregnancy are classified as
follows: isolated chronic hypertension before pregnancy,
pre-existent chronic hypertension superimposed with
preeclampsia or eclampsia, gestational hypertension,
preeclampsia, eclampsia, and hemolysis, elevated liver
enzymes and low platelet (HELLP) syndrome.*® Primigravidas
and younger women have a higher risk for preeclampsia,
but it can occur in older women as well."® Recent research
has established that preeclampsia is more frequent
in twin pregnancies conceived by in vitro fertilization
(IVF) in comparison with spontaneously conceived twin
pregnancies.’ Pregnant women conceived by IVF procedure
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with twin pregnancies and preeclampsia have a higher risk
for cesarean section, preterm birth, and low-birth-weight
baby.’ There isa higher incidence of preeclampsiain the sisters
of women who had preeclampsia in their first pregnancy, in
comparison with the sisters of women who did not have
preeclampsia, also in women with a rapidly growing mola
hydatidosa, antiphospholipid syndrome, polyhydramnios,
and Black women.”*® Complications of preeclampsia also
contribute to mortality related to pregnancy of about 1 in 10,
related to anesthesia, cardiomyopathy, placental abruption,
and cerebrovascular insult.! Besides the risk to the mother,
preeclampsia also dramatically increases the risk for the fetus
and the newborn, including IUGR, preterm birth, low birth
weight, oligohydramnios, placental abruption, a low Apgar
score, higher admission rate to neonatal intensive care units,
stillbirth, and neonatal death.*?

The beginning and course of preeclampsia are
unpredictable, and it affects the fetus directly through
placental insufficiency or complications during birth.? Due to
the fact that delivery is the only treatment for preeclampsia,
it is a leading cause of iatrogenic preterm birth and low
birth weight in preeclamptic pregnancies.**® Inadequate
prenatal care is connected with higher mortality rate of
women with preeclampsia and their children, probably
due to missed or late diagnosis, inappropriate monitoring,
treatment, and early intervention.® The risk of preeclampsia
is increased in women with a history of preeclampsia in a
previous pregnancy, suffering from lupus erythematosus,
pregestational diabetes, chronic hypertension, age over
35 years, multiparity, kidney diseases, and obesity.*** Some
risk factors may be present before pregnancy, or they may
appear during pregnancy.®*® ¢ [twas pointed out earlier that
preeclampsia causes significant maternal morbidity, and in
particular cerebrovascular bleeding, retinal detachment, and
complications due to HELLP syndrome, such as organ damage
and failure.®* Eclampsia occurs in about 1 2% of cases of
preeclampsia, very often resulting in severe complications
like brain damage, aspiration pneumonia, pulmonary edema,
placental abruption, disseminated intravascular coagulation,
acute renal failure, cardiopulmonary arrest, and coma.®

Epidemiology and Etiology of Preeclampsia

The prevalence of preeclampsia varies between 0.5 and 15%
of all pregnancies, and symptoms are most likely to appear
during the last part of the second or at the beginning of
the third trimester.® 8 It is estimated that the incidence
of preeclampsia is 2 7% in developed Western countries,
while in developing countries the incidence is increasing
and approaching 10% of all pregnancies.® The etiology
of preeclampsia is still not well understood. Numerous
theories exist that attempt to explain the etiopathogenesis
of preeclampsia. There is still no causative therapy for
preeclampsia, and the only effective treatment recognized
so faris delivery, with arecovery of women expected 6 weeks
after delivery! However, premature birth in many cases is
linked to considerable mortality and morbidity of prematurely
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borninfants.! Intensive care and therapy are often needed in
premature babies born from preeclamptic pregnancies, with
the development of short-term life-threatening complications,
with the possibility of the development of life-long
disability, which leads to major expenses in health care.®
Preeclampsia is a pathological condition that might be
accompanied by encephalopathy in the neonate due to
cerebral vasoconstriction in the fetus, with many short- and
long-term neurological morbidity.® Early identification of
women with the risk for preeclampsia is the most important
aim of antenatal care, with early identification of fetuses
who, due to certain pathophysiological events, carry a high
risk of long-term morbidity. Biochemical tests and Doppler
assessment of the uterine arteries are crucial for the timely
prediction of preeclampsia.*® With the development of
ultrasound equipment and advances in software processing
of the data, contemporary perinatology is now able to
analyze the hemodynamics in uterine blood vessels, and
neuromotoric activities of the fetus (fetal behavior). More
than 30 years have passed since the first Doppler analysis
has been introduced for the assessment of fetal circulation,
enabling a fairly good understanding of fetoplacental
circulation in everyday clinical practice nowadays.* Doppler
sonography has made it possible to depict blood flow clearly
during an ultrasound examination of a pregnant woman
and to quantify the resistance index.* Many studies have
tried to link the Doppler findings of the blood flow in the
uterine blood vessels with the possible early prediction of
preeclampsia.* Possible etiologic factors for preeclampsia
are listed in Table 1.

Maternal infection was considered an etiologic factor for
preeclampsia and eclampsia at the start of the 20th century.
One explanation was that certain toxins responsible for

Table 1: Possible etiologic factors of preeclampsia®’

Etiologic factors of preeclampsia

Maternal infection

Periodontal disease

Coronavirus disease 2019

Gestational diabetes mellitus

Maternal obesity

Metabolic syndrome

Molar pregnancy

Fetal disease Ballantyne or mirror syndrome, trisomy
13 (triploidy), unique complications arriving within the
problem of multiple gestations such as selective fetal growth
restriction or twin-to-twin transfusion syndrome
Autoimmune mechanisms antibodies binding to the
AT1-AA

Breakdown of maternal-fetal immune tolerance

Endocrine disorders hyperparathyroidism, Cushings
syndrome, aldosteronism, pheochromocytoma, and
paraganglioma

Other and unknown etiologic factors
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causing eclampsia were the result of putrefactive changes
within the uterine cavity caused by bacteria,'’ and the
microorganism Bacillus eclampsia was later detected as
a probable cause!’ Eventually, this theory was abandoned
due to the lack of typical features of infectious diseases in
preeclampsia and eclampsia (i.e., a fever).

The most stable evidence suggesting a relationship
between preeclampsia and microorganisms is taken from
studies involving periodontal disease, a condition in which
the risk of developing preeclampsia is increased.®*° The term

periodontal disease exists as an inflammatory condition,
initiated by bacteria within the oral cavity causing immune
dysfunction!® To summarize:

Bacteria may be caused by microorganisms in the
periodontal space;

Bacteria originating from the oral cavity may be found in
gingival plaques; and

Periodontal infections may cause vascular lesions in the
aorta and coronary arteries'®

At the start of the COVID-19 pandemic, a subset of
nonpregnant patients developed hypertension, proteinuria,
thrombocytopenia, and elevated liver enzymes.?° 2 This
closely looks like preeclampsia, while elevated liver enzymes,
hemolysis, and low platelet count resembled HELLP
syndrome.?’ 22 arger studies demonstrating the link between
SARS-CoV-2infection during pregnancy and anotable increase
in the odds of developing severe preeclampsia, eclampsia,
and HELLP syndrome have been published.??? Additionally,
subsequent development of preeclampsia appeared
after SARS-CoV-2 infection.?%?? Pregnant patients with
severe COVID-19 infection were five times as likely to
develop preeclampsia when compared to asymptomatic
COVID-19 patients.?? Endothelial dysfunction is considered a
consequence of SARS-CaoV-2 infection, as COVID-19 may infect
endothelial cells normally expressing angiotensin-converting
enzyme 2 and leads to a greater risk of developing
preeclampsia.?? Endothelial infection may also induce
thrombin activation, intravascular inflammation (i.e., cytokine
storm), and microvasculature damage in target organs; the
multisystemic nature of the syndrome includes central
nervous system dysfunction.?*?? It has been observed that
COVID-19 recovery has been followed by the disappearance
of proteinuria and hypertension before the delivery of the
fetus and the placenta.?

Anindependent risk factor for preeclampsia is gestational
diabetes mellitus.?® A systematic review reported pre-existing
diabetes mellitus as a possible cause of preeclampsia, and it
is considered to be strongly associated with late-onset than
early-onset preeclampsia.?>?* The Hyperglycemiaand Adverse
Pregnancy Outcome (HAPO) Study showed a significant
association between preeclampsia and the degree of maternal
hyperglycemia.?® The use of both insulin and metformin was
associated with a reduced risk for preeclampsia.?* According to
existing evidence, itwas suggested that there might be a casual
relationship between gestational diabetes and preeclampsia.?*
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Obesityisstronglyassociatedwith preeclampsia.?®lthasbeen
proveninameta-analysis that maternal obesity was significantly
associated with the development of preeclampsia.?> Moreover,
overweight women compared to those with normal body
mass index had an increased risk for preeclampsia.?®
A population-based study including 15.8 million women
showed both early- and late-onset preeclampsia to be
associated with maternal obesity, while maternal weight loss
decreased the risk for preeclampsia.?®

The term metabolic syndrome refers to a set of metabolic
abnormalities appearing due to insulin resistance and
obesity which have been associated with the development
of preeclampsia.?’ It is presumed that systemic inflammation,
oxidative stress, and endothelial dysfunction are the
most responsible pathophysiologic mechanisms for the
development of preeclampsia in metabolic syndrome.?’ Alarge
retrospective study showed an increased risk of preeclampsia
within the presence of prepregnancy metabolic syndrome.?"?

A gestational trophoblastic disease characterized by
hydropic changes of the chorionic villi, hydatidiform mole,
is also associated with preeclampsia in 27 40% of patients
with hydatidiform moles, which is increasing if the condition
is not treated.?>% In a hydatidiform mole, there is an excess
production of soluble fms-like tyrosine kinase-1 (sFlt-1)
up to three-fold higher than in gestational age-matched
controls.?*3° Because of its enhanced expression in the blood
and placenta of preeclampsia patients, LIGHT, tumor necrosis
factor superfamily member 14, has recently been reported
as a crucial inflammatory cytokines in the pathogenesis of
preeclampsia.?® Besides eliciting the local effects of placental
damage, it induces the placental increased expression of
sFIt-1 and thus contributes to the manifestation of systemic
preeclampsia symptoms. In a hydatidiform mole, the placenta
produces a high level of inflammatory cytokines which can
be the trigger for preeclampsia.?®

Development of preeclampsia may be associated
with some specific fetal diseases, including Ballantyne or

mirror syndrome, trisomy 13, and selective fetal growth
restriction in multiple gestations or twin-to-twin transfusion
syndrome.®! 3 Ballantyne syndrome, known as triple
edema affects the fetus, placenta, and the mother.® There
has been a connection between this syndrome and rhesus
isoimmunization, cytomegaloviral infection, parvovirus
B19 infection, Ebstein cardiac anomaly, aneurysms of the vein
of Galen, fetal supraventricular tachycardia, and placental
chorioangiomas.® A motherwith mirror syndrome may develop
proteinuria, hypertension, and severe preeclampsia.*! The
level of sFlt-1 increases in patients with mirror syndrome and
Rh isoimmunization.*? It has been shown that in pregnancy
with Rh isoimmunization the concentration of sFlt-1 can
return to normal after intrauterine transfusions.®> Women
with trisomy 13 have a higher soluble sFlt-1 to placental
growth factor ratio (PIGF) compared with euploid and trisomy
21 pregnancies.®* Monochorionic twins, complicated by
twin-to-twin transfusion syndrome, have a higher risk for
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preeclampsia.®* A selective reduction of one fetus or the death
of one twin can reverse the symptoms of preeclampsia.®

Numerous studies over the last few decades clearly
showed that autoimmune diseases, such as systemic
lupus erythematosus or antiphospholipid syndrome pose
a considerable risk for preeclampsia.>® Antibodies which
are found in patients with antiphospholipid syndrome are
connected to preeclampsia.®® The most illustrative case
for the pathogenesis of preeclampsia and the role of an
autoimmune mechanism is found in pregnancies with
antibodies against the angiotensin Il receptor.>” Wallukat
et al. reported almost 2 decades ago that in women with
preeclampsia antibodies binding to the angiotensin Il type |
receptor (AT1-AA) can be found, with increasing evidence of
their role in the pathogenesis of preeclampsia.®’ Cytokines
appear as a factor modifying the activity of AT1-AA, while
IL-6 and IL-1 tumor necrosis factor enhances AT1-AA activity
and may induce preeclampsia.®’

The definition of viviparity in the case of the pregnant
woman and her fetus means the coexistence of two different
individuals in one body with different genetics.*® The fetus
andthe placentaare considered the most successful biological
transplant (commonly referred to as a semiallograft) and the
mechanisms upholding immune tolerance have been subject
to research for decades.®® Two typical features within the
adaptive immune system are specificity and memory.*® It
has been proposed that the role of the immune system in the
pathogenesis of preeclampsia is more importantin primiand
multigravidas with primipaternity and one explanation for
the increased susceptibility of primigravidas is the memory-
like phenomenon protecting mothers against paternal
antigens in the next pregnancies.>® An immune process
specifically found that paternally derived antigens have
also been attributed to an increased rate of preeclampsia
in multigravidas in pregnancies with different fathers.3%4°
Preeclampsia is also more common in pregnancies that
are a result of egg donations, specifically those in which
the placenta and the fetus are complete grafts.>® Both the
placenta and the fetus are expressing maternal and paternal
antigens.*®#! The maternal immune system is exposed to
paternal antigens found within the syncytiotrophoblast and
thisimmune tolerance is crucial for a successful pregnancy.**
Therefore, a lack of tolerance may lead to maternal rejection
of the fetus and pregnancy complications including
preeclampsia. In summary, itis presumed that maternal-fetal
genetic incompatibility may be considered as one of the
causes of preeclampsia.

There have been multiple endocrine disorders associated
with preeclampsia in the past, but nowadays the evidence
supporting a causal relationship is not conclusive.

A normal pregnancy will be characterized by changes
within the maternal calcium homeostasis to cover all fetal
needs for rapid growth.!° Altered calcium homeostasis
in conditions such as hypocalcemia, a low vitamin D
concentration, hyperparathyroidism, and parathyroid
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adenoma is obviously increasing the risk of preeclampsia.'’
The administration of vitamin D, when combined with
a multivitamin or calcium supplement, reduces blood
pressure and decreases the risk of preeclampsia, which
has been demonstrated in a randomized study.*?
Endothelial dysfunction is one of the consequences of
hyperparathyroidism, leading to preeclampsia.*3*

Cushing s syndrome is another endocrine disease with
increased rate of preeclampsia.*® Excessive production
of chronic glucocorticoids in women with the Cushing s
syndrome is connected with increased cardiometabolic risk
through endothelial activation.*® Hypertension, hypokalemia,
and hypernatremia due to increased aldosterone secretion
are leading to development of preeclampsia in 25% of
women with Cushing s syndrome.*® Paraganglioma and
pheochromocytoma are both rare tumors with high
levels of catecholamines prompting symptoms similar to
preeclampsia.*’ This can make the diagnosis of preeclampsia
difficult.*’ When diagnosisand treatment are delayed, maternal
mortality increased to 28%.%¢ As there is only a small number
of studies reporting patients with pheochromocytomas
developing superimposed preeclampsia, the association is
not so obvious.*®

The Pathophysiology of Preeclampsia

Preeclampsia is nowadays understood as an inflammatory
disorder that includes impairment of placentation with
development of the oxidative stress resulting in the
development of clinical symptoms*? **'¢ Understanding of
etiology of preeclampsia will improve the treatment of the
condition which is essential for a better prognosis? 1 As
for now, we do not understand the pathophysiology of
preeclampsia, many theories exist and preeclampsia has
been still considered the disease of theories, as shown in
the Table 112

Impaired placentation occurs due to unsuccessful
transformation of uterine spiral arteries at about 12 16 weeks
of pregnancy, resulting in placental ischemia, followed by
increased concentration of inflammatory substances and
oxidative stress.*>* |t is believed that inflammatory response
and oxidative stress may be induced by hypertension in
pregnancy, multiple pregnancies, gestational and pre-
existent diabetes, and other inflammatory conditions.*3%°
Women with early-onset preeclampsia may present
with abnormal morphology of the placenta depicted by
ultrasound and impaired Doppler blood flow in spiral and
uterine arteries.>® Decreased placental perfusion may result
in generalized endothelial activation with endothelial
hypertrophy of glomerular capillary vessels.** Endothelial
activation followed by vasoconstriction in preeclampsia
is caused by oxidative stress, impaired synthesis of nitric
oxide, impaired renin-angiotensin-aldosterone mechanism,
disturbed balance between prostacyclin and thromboxane
A2, increased concentrations of endothelin 1, and fibronectin
growth factor, and thrombocytosis.*®
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Placentation and Uteroplacental Circulation
in Preeclampsia

The process of establishment of normal uteroplacental
circulation begins with the process of implantation.® 54 A
trophoblast from the intervillous space invades the basal
decidua, the decidual branches of the spiral arteries enter
the interstitial compartment, the lumen of the spiral arteries,
and the endometrium.®* ® Development of capillary
branches of spiral arteries is completed by the 22nd week
of pregnancy.® %* Trophoblast invasion of the interstitial
compartment is a continuous process that begins very early
in pregnancy with the invasion of the decidua and continues
to the middle of the second trimester of pregnancy with
the infiltration of the myometrium.®* > In contrast to this
continuous process, the invasion of the lumen of the spiral
arteries takes place in two phases:

Invasion of the spiral arteries of the decidua, and
Invasion of trophoblastinto the spiral arteries which begins
at6 8weeks of gestation ending at 18 22 weeks.>!

There are two separate waves of migration of endovascular
trophoblast into the spiral arteries. In preeclampsia,
trophoblast invasion of the spiral arteries is impaired,
resulting in the formation of small caliber and high
resistance vessels, which may lead to placental ischemia,
inflammation, and oxidative stress.>? As a result of the
reduced perfusion and inadequate exchange of oxygen
in the placenta, a disbalance occurs between the humoral
factors which regulate the tone of the blood vessels and
the high concentrations of free oxygen radicals in the
placenta, which are responsible for the inactivation of the
endothelium-derived relaxing factor.>* Due to the damage to
the endothelium and increased consumption of platelets, the
concentration of thromboxane increases, causing consecutive
vasoconstriction of placental blood vessels.>* Due to
endocrine insufficiency of the placenta, the synthesis of
highly vasoconstrictive endothelins is increasing resulting
in impairment of fetal oxygenation, and redistribution of
fetal blood to preserve fetal life.>* Centralization of fetal
blood flow is characterized by dilatation of the cerebral
blood vessels and vasoconstriction of fetal blood vessels of
the trunk and extremities so that the majority of the cardiac
output is redirected towards the brain defined as the brain
sparing effect.®® " Endovascular trophoblast invasion occurs
in two waves: in the first wave, between 8 and 10 weeks of
gestation, the trophoblast invades into decidual segments of
spiral arteries, and in the second, between 16 and 18 weeks,
into myometrial segments.>>> On Doppler of the uterine
arteries during pregnancy, the adaptation of uterine arteries
in pregnancy is presented as a reduction of resistance and
pulsatility indexes, and the loss of the diastolic notch in the
spiral arteries.>>°® In some cases, the invasion of trophoblast
continues up to the 26th week of gestation®-°? resulting in
the depiction of the diastolic notch in the uterine arteries
and increased resistance due to the preservation of the
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muscular layer in spiral arteries, which can be assessed by
the Doppler.>® %8 Measurement of blood flow in uterine
and spiral arteries using Doppler may be the screening
test suggesting an increased risk for the development of
uteroplacental insufficiency and hypertensive diseases in
pregnancy.®>°® In general, an increased resistance index
and the occurrence of a diastolic notch in the period after
17 weeks of gestation is suggestive of an increased risk for
development of impaired uteroplacental circulation and
a higher risk for preeclampsia.®>°® It is known that in the
first trimester and the early second trimester (<17 weeks)
there is a significant overlap of Doppler findings in uterine
and spiral arteries between a healthy pregnancy and a
pregnancy in which preeclampsia will later develop.>® The
usefulness of color Doppler assessment of the uterine arteries
as a screening marker for preeclampsia is increasing in
the second trimester.>® The reduction of the blood flow
in the uteroplacental circulation leads to impairment in
other parts of the fetoplacental and fetal circulation.>’ The
increase in vascular resistance in the umbilical artery is
reflecting the increased vascular tone in the placental blood
vessels.>® According to the recent research hyperkinetic
circulation with increased cardiac output and increased
sensitivity to angiotensin Il appears much earlier than
hypertension.>®

There are three basic hemodynamic changes contributing
to the development of clinical symptoms of preeclampsia®*®°:

Hypertension due to increased peripheral vascular
resistance which is the result of arterial and venous
vasoconstriction.

Decreased cardiac output in comparison with a
normotensive pregnancy.

Reduced total plasma volume, as a result of increased
endothelial permeability and transudation of the plasma.

Besides hemodynamic changes, one of the main
characteristics of preeclampsia is the insufficiency of the
uteroplacental circulation, which may cause fetal IUGR,
which may be diagnosed and confirmed noninvasively by
ultrasound %t 7

Prediction of Preeclampsia by Doppler
Assessment of Spiral Arteries

During normal pregnancy physiological changes take place
in the spiral arteries with the development of physiologically
reduced resistance to blood flow, which directly affects the
resistance of blood flow in the uterine arteries.>>%¢5° Blood
flow resistance in the uterine arteries is usually lower on the
placental than on the side opposite to the placenta.>® There
are two ultrasound indicators of impaired arterial uterine
blood flow in preeclampsia: the increased resistance and
the occurrence of a notch due to increased resistance in
major spiral arteries.”® ”® According to the data from the
research, increased resistance and detection of notch
have high sensitivity and low specificity as predictors for
preeclampsia.* Ultrasound of the uterine arteries is a useful
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method for indirect assessment of uteroplacental circulation
in early pregnancy.* Although the standardized and reliable
procedures for the prediction of preeclampsia are missing,
Doppler of the uterine arteries is most often used in everyday
clinical practice and for research.” The sensitivity of abnormal
uterine blood flow in predicting preeclampsia varies between
20 and 60%, with a positive predictive value between 6 and
40%."% ™ In the study published by Medjedovic and Kurjak,
the presence of a notch sign in uterine arteries in patients
with preeclampsia had a specificity of 47.62%, and sensitivity
of 88.89%, while positive predictive value of anotch signasa
marker for diagnosis of preeclampsiain the second trimester
of pregnancy was 90.91%.”27 A meta-analysis showed that
increased pulsatility index with notching can be used as a
predictor of preeclampsia and severe IUGR among low-risk
patients.”® Abnormal uterine artery waveforms are a better
predictor of preeclampsia than of IURG, while pulsatility
index, alone or in combination with notching, is the most
predictive Doppler index.” It seems that all of these indices
should be used routinely in daily clinical practice.”

Figure 1 shows the physiological flow in uterine artery
in the 23rd week of gestation. Increased resistance index
as a marker of impaired blood flow in the uterine artery
of a pregnant woman at 27 weeks is shown in Figure 2,
Figures 3 and 4 show the notch sign in the third trimester
of pregnancy, which is also considered a severe pathology.
Systolic (S) and diastolic (D) pressure are marked by yellow
and green boxes (Fig. 1). During the diastole, there is a
continuous flow, which is approximately 2/3 of the systolic
flow. This means that there is a continuous uterine blood
flow during each cycle of maternal heart. The high resistance
index represents increased resistance of the blood flow. Low
diastolic flow is a sign of abnormal resistance index. After
a sharp incline of the systolic flow, the diastolic notch is
depicted, after which there is a wavy-shaped curve.

With the combination of maternal risk factors,
pregnancy-associated plasma protein A, PIGF, mean arterial
blood pressure, and resistance index in uterine arteries, the

Fig. 1: Normal blood flow in the uterine artery in the 23rd week
of gestation. S, systole; D, diastole
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Fig. 2: High resistance index of uterine arteries in a pregnant
woman with preeclampsia in the 27th week of gestation. Sys,
systole; Dias, diastole

Fig. 3: lllustration of notching with a normal resistance index
at the 32nd week of gestation, in a pregnant woman with
preeclampsia. S, systole

Fig. 4: lllustration of notching with an abnormal resistance index
in a pregnant woman with severe preeclampsia at 28 weeks of
gestation. S, systole
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detection rate of early preeclampsia is about 90%, with a
false positive rate of 5%, when performed between the 11th
and 14th weeks of pregnancy.’® However, major professional
associations have included in the diagnosis of preeclampsia
a combination of risk factors from the medical history,
laboratory workup, and ultrasound indicators.®®%°%7" For
instance, the Fetal Medicine Foundation (FMF) proposed
combined screening for preeclampsiain the second trimester
of pregnancy which includes the mother s history, the mean
arterial blood pressure, and the mean Doppler pulsatility
index. In contrast to these combined recommendations by
the FMF, the recommendations of The National Institute for
Health and Care Excellence and the American College of
Obstetrics and Gynecology only include risk factors from
the medical history and laboratory data and do not include
ultrasound criteria, which makes them less successful for
prediction of preeclampsia.®®

CONCLUSION

This review has emphasized the multifactorial etiology of
preeclampsia. Each of the cited etiological factors helps
to elucidate the pathogenesis in some way, but on the
contrary, they also increase the need for precise detection
and understanding of the primary etiologic factors, which
still remain unknown. Preeclampsia may still be considered as
a disease of theories. Therefore, further research is needed
to better understand the etiology and pathophysiology of
this mysterious disease with severe consequences for the
mother and the fetus.
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