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Normal placental development and the triad of placental
dysfunction: The maternal and fetal complications

Normal plasental gelisim ve plasental disfonksiyon triadi:
Maternal ve fetal komplikasyonlar
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Abstract

The placenta is crucial to the development of a fetus, playing a vital
role from fertilization of an egg by sperm until the delivery of the fetus.
Without the placenta, the fetus would not receive essential nutrients
or oxygen from the mother and be able to rid itself of toxic wastes.
Given the necessity of this temporary organ, improper formation of
the placenta can lead to many health problems. These complications
have an effect on the mother as well as the fetus given the essen-
tial link the placenta makes between fetal and maternal circulation.
The main concerns with impaired placental function are commonly
known as the triad of placental dysfunction. The triad of placental
dysfunction includes preeclampsia, HELLP Syndrome, and (Intrauter-
ine Growth Restriction) IUGR. The purpose of this review article is to
explore the pathogenesis, the diagnostic and predictive criteria, and
treatment for the disorders composing the triad of placental dysfunc-
tion to allow better outcomes for both the mother and fetus.
Keywords: Fetus; HELLP syndrome; IUGR (Intrauterine Growth
Restriction); placenta; preeclampsia

he Placenta is a critical part of a healthy pregnancy. The

placenta provides the developing fetus with oxygen and
nutrients and removes waste products from the blood. The
placenta rests on the wall of the uterus and gives rise to the
umbilical cord that attaches the fetus to the maternal circu-
lation. This organ is temporary and is delivered with the baby
either vaginally or by C-section."? The placenta is also the
source of many hormones essential for a healthy pregnancy.
Due to its pivotal role in pregnancy, correct development of
the placenta is crucial. Abnormal development of the placenta
can lead to a number of health conditions that further compli-

Ozet

Amag: Bir yumurtanin sperm tarafindan doéllenmesinden, fetistn
dogusuna kadar énemli bir rol oynayan plasenta, fetlstn gelisimi
icin cok 6nemlidir. Plasenta olmadan, fetus anneden gerekli besin-
leri ya da oksijeni alamaz ve toksik atiklardan kurtulamaz. Bu gegici
organin gerekliligi g6z 6nlne alindiginda, plasentanin yanlis olus-
masi bircok saglik sorununa neden olabilir. Fetal ve maternal dola-
sim arasinda yaptigi temel baglanti nedeniyle plasentada olusacak
bu komplikasyonlarin fetusun yani sira anne tizerinde de etkisi vardir.
Bozulmus plasental fonksiyon ile ilgili ana endiseler, yaygin olarak,
plasental disfonksiyonun Gg¢lisu olarak bilinir. Plasental disfonksiyon
Uclistinde preeklampsi, HELLP Sendromu ve IUBG (intrauterin Biy(-
me Geriligi) bulunur. Bu derlemenin amaci hem anne hem de fet(s
icin daha iyi sonuglara erismek amaciyla plasental disfonksiyon tg¢lu-
stinU olusturan hastaliklarin patogenezini, tani ve 6ngoru kriterlerini
ve tedavisini arastirmaktir.

Anahtar Sézciikler: Fetus; HELLP sendromu; IUGR (intrauterin Biyu-
me Geriligi); plasenta; preeklampsi

cate a pregnancy that could otherwise be potentially normal
or healthy. These conditions include those that involve abnor-
mal conditions of the placenta in the uterus: placenta abrup-
tion, placenta Previa, and placenta accrete. Then, there are
the more serious of the placental conditions that include pre-
eclampsia, HELLP Syndrome, and Intrauterine Growth Restric-
tion (IUGR). These three disorders are commonly referred to as
the Triad of Placental Dysfunction.>4

Preeclampsia is defined as a multisystem disorder that affects
almost 3% to 5% of all pregnancies worldwide and results in
an estimated 60,000 maternal deaths annually.?! The disor-

Corresponding (iletisim): Sathees B. Chandra, Biomedical Sciences Program, College of Nursing and Health Sciences, Barry University,

11300 NE Second Ave, Miami, FL 33161, USA
E-mail (E-posta): schandra@barry.edu
Received (Gelis Tarihi): 28.01.2019 Accepted (Kabul Tarihi): 03.05.2019



https://orcid.org/0000-0002-5685-8722
https://orcid.org/0000-0002-0702-8925

184

Journal of Contemporary Medicine

der is characterized by arise in blood pressure with concurrent
proteinuria, with both of these occurring after 20 weeks' ges-
tation. Preeclampsia is thought to be the result of abnormal
formation of the placenta due to a combination of factors.!"*
The dysfunction can only be cured by delivery; the abnormal
placenta is delivered with the baby and blood flow can begin
to return to normal. However, even after a safe delivery, moth-
ers are still at risk of developing complications and should be
monitored closely. Severe manifestations of pre-eclampsia
are described as a sustained blood pressure above 160 mmHg
systolicand 110 mmHg diastolic, which can lead to other com-
plications of pregnancy.®” One of these complications is clas-
sified as HELLP syndrome. The complication is characterized
by hemolysis, elevation of liver enzymes, and a low platelet
count. The severity of the complication is shown by the name
and it requires an immediate need for emergency care. HELLP
syndrome only affects less than 1% of pregnancies worldwide,
but almost 24 percent of those cases results in death. HELLP
syndrome is most commonly diagnosed antepartum but can
also be diagnosed post-partum within 24 to 72 hours after de-
livery. Immediate treatment, monitoring in an Intensive Care
unit, and surgery in some case is recommended.®

Lastly, IUGR is the inability of the fetus to thrive while in the
mother’s uterus, this is said to have occurred in babies in less
than the tenth percentile of height, weight, sex, and gestational
age. The low birth weight can pose further complications for
the baby both while in the uterus, during delivery, and after
birth. Just as the mother should be monitored for Preeclampsia
and possible development of HELLP syndrome, a baby should
be monitored to see if there is a possibility of developing IUGR.
16-8 Early detection of the triad of placental dysfunction is key
to treatment and positive outcomes. The management of
these complications begins with an understanding of how the
placenta should develop under normal or ideal circumstances.
The purpose of this review article is to explore the pathogen-
esis, the diagnostic and predictive criteria, and treatment for
the disorders composing the triad of placental dysfunction to
allow better outcomes for both the mother and fetus.

Normal development of the placenta

Once an eqgq is fertilized it becomes a blastocyst and em-
beds in the wall of the uterus, at this point development of
both the fetus and the placenta begin. Major development
of the placenta occurs until thirteen weeks gestation.™ The
placenta begins as a low oxygen area, but as development
occurs it becomes a high oxygen area given its function to
perform the actions of all fetal organ systems until delivery.
®The main function of the placenta is to deliver both oxygen
and nutrients to the fetus and remove harmful wastes from
the fetus. At implantation, a blastocyst forms the trophecto-
derm that allows implantation into the endometrium, and
the chorioallantoic placenta develops.”! The chorioallantoic
placenta is composed of intermediate and smaller sized villi,
these villi will eventually become engulfed in maternal blood
by remodeling done by the spiral arterioles.'” The main cell

necessary for the remodeling of spiral arterioles is the progen-
itor cytotrophoblast cell, also known as the stem cell of the
placenta. These cells can further differentiate into either a vil-
lous cytotrophoblast or an extravillous cytotrophoblast. The
villous cytotrophoblast further differentiates into the sync-
tiotrophoblast that performs many essential functions of the
placenta. These cells line the exterior villi of the placenta and
their specialized epithelium allows for nutrients, and peptide
products to be transported from mother to fetus. The trans-
port of these items is necessary for proper functioning of both
fetal and maternal processes.”?

The placental villi are lined with extravillous cytotrophoblasts
and synctiotrophoblast cells, and as development continues,
these villi become increasingly more branched. The Uterine
wall is normally lined with blood vessels known as spiral ar-
teries that have to be remodeled to support the placenta. The
extravillous cytotrophoblast cells of the placenta penetrate
the wall of the uterus and replace the cells of the spiral arter-
ies.” This process allows the spiral arteries to become larger
than normal to support the necessity for increased blood flow
to supply the fetus. In order for a normal pregnancy devoid
of placental complications to occur, the cytotrophoblasts
must completely remodel the spiral arterioles. Complete re-
modeling of the spiral arterioles allows for sufficient blood
flow and therefore oxygenation.'™ When any or all of these
mechanisms goes wrong, complications can and will occur
during pregnancy that can affect both the mother and the
fetus. Severe complications include preeclampsia, HELLP Syn-
drome and Intrauterine Growth Restriction (IUGR), these are
sometimes referred to as the triad of placental dysfunction.
I The first sign of abnormal development of the placenta is
the onset of preeclampsia, the mechanism of placental devel-
opment that goes wrong in preeclampsia is explained below.
Detection of this dysfunction involves being aware of the di-
agnostic criteria for preeclampsia.’

Pathogenesis and diagnostic criteria for the
detection of preeclampsia

Pre-eclampsia is thought to develop due to abnormali-
ties in the placenta, this is credited to the fact that the only
known cure for preeclampsia is delivery and removal of the
placenta. Onset is thought to be the result of dysfunction of
the endothelium and the extravillous cytotrophoblasts. The
cytotrophoblasts fail to completely remodel the spiral arter-
ies.l'?l Cytotrophoblasts are responsible for the switching of
the integrin surface proteins that give the arterioles an en-
dothelial phenotype. This switching of cell surface markers
on integrin’s is a process known as pseudovasculogenesis. In
preeclampsia, the cells fail to complete the change.l' This ab-
normal development leads to placental ischemia and further
releases substance into the mother’s blood stream that cause
the clinical symptoms present in mothers with preeclamp-
sia. The endothelial derived vasoactive factors are unbal-
anced and vasoconstrictive substances such as endothelin
and thromboxane A2 predominate in the vasculature. Excess
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vasoconstrictive factors decrease the diameter of major ar-
teries and explain the increase in blood pressure.'¥ Despite
the increase in blood pressure, the placenta does not receive
enough blood and must compensate. Therefore, Microcircula-
tion takes over in a process known as angiogenesis and vast
networks of small vessels form. However, this process is not
sufficient to provide optimal oxygenation." The placenta is
mainly responsible for preeclampsia development but other
environmental factors can also come into play, more research
is necessary to determine how these immunologic, genetic,
and environmental factors come into play.?® Given the com-
plex nature of preeclampsia, management of the disease is
crucial to prevent adverse neonatal outcomes, including IUGR.

Preeclampsia is suspected during pregnancy when a
mother presents with elevated blood pressure. High blood
pressure occurring in pregnancy can be divided into 5
groups: preeclampsia, gestational hypertension, concurrent
preeclampsia and preexisting hypertension, chronic hyper-
tension and postpartum hypertension. Of these groups, Pre-
eclampsia is a systemic disorder that occurs after 20 weeks
of gestation and is marked by a sudden elevation in blood
pressure. The sudden elevation in blood pressure is accompa-
nied by proteinuria (protein in the urine).' The continuum of
preeclampsia ranges from mild to severe.'® The designation
of disease severity is critical to the treatment plan, but the
severity classification is commonly debated due to the dis-
agreement on the pathophysiology.'”!

Severe Pre-eclampsia starts with a systolic blood pressure
reading above 160 mmHg and a diastolic reading above 110
mmHg for two readings taken 6 hours apart. Mild manifes-
tations of preeclampsia, on the other hand, is classified by a
systolic reading above 140 mmHg and a diastolic above 90
mmHg, the same criteria applies for the sustained nature of
the hypertension, two readings 6 hours apart.'*'”! The pro-
tein excretion in the urine decreased to 300 mg in a 24-hour
collection period for mild cases. However, preeclampsia has
a sudden onset sometimes in women with no history of ele-
vated blood pressure or excess protein excretion in the urine.
Another criterion used in the diagnosis of pre-eclampsia ver-
sus regular high blood pressure is the presence of other con-
current symptoms and signs of organ damage."® These symp-
toms include neurologic disturbances (including headaches,
vision loss, seizures), pulmonary edema, renal compromise,
hepatic dysfunction, thrombocytopenia, placental abruption,
and oligohydramnios."™ The diagnostic criteria should be
used in conjunction with biochemical markers that are related
to preeclampsia and the placental dysfunction.

Biochemical prediction markers for early detection
of preeclampsia

The key to correctly managing and preventing adverse ma-
ternal and fetal outcomes is prediction and early detection of
preeclampsia. Over the years, scientists have come up with
different angiogenic factors and proteins that play a role in the
pathologic process occurring in preeclampsia. First, Vascular

Endothelial Growth Factor (VEGF), was found to be associated
with preeclampsia and most importantly endothelial dysfunc-
tion.”@This correlation was made when it was discovered that
cancer patients who were treated with the antagonist of VEGF
exhibited the same symptoms as those with pre-eclampsia.
Therefore, changes in VEGF signaling in endothelial cells can
contribute to the manifestation of preeclampsia.?"

In addition, Placental Growth factor-1 is necessary for angio-
genesis of the placenta and embryogenesis of the fetus. PGF-1
is said to be secreted from trophoblast cells which are a key
factor in placental development.?! Soluble fms-like tyrosine ki-
nase 1 (SFLT-1)isfoundin the blood of mothers with preeclamp-
sia in higher than normal amounts. This protein is secreted
from the placenta into the blood stream. SFLT-1 is circulated in
the blood and binds to the VEGF and PGF-1 protein receptors.
When bound to SFLT-1 these proteins lose their function and
the endothelium of the placenta is no longer able to maintain
its anticoagulant and vasodilatory properties.?2 An ELISA test
can be performed in mothers exhibiting no symptoms and
those exhibiting early signs of pre-eclampsia to determine the
SFLT-1/PGF ratio. In a normal pregnancy this ratio is low, while
in a pregnancy with preeclampsia the ratio is high. The higher
the ratio the more severe the symptoms of pre-eclampsia. The
imbalance in the ratio can occur 5 to 6 weeks before a mother
will present with symptoms. This assay proves to be helpful in
the early stages of the second trimester.”®’ Consequently, even
mothers who will never develop preeclampsia in pregnancy
may have high levels of SFLT-1 compared to PGF-1 and VEGF.
Therefore, a higher ratio is not a definite diagnosis but an in-
dicator of preeclampsia. This indicator will allow for stricter
monitoring and a more accurate diagnosis of symptoms if they
present. Early diagnosis is key in managing this disease.’?”

The SFLT-1 and PGF ratio described has proven to be un-
helpful in determining the risk of preeclampsia in the first
trimester. Doctors have instead used the levels of PGF-1. Low
levels of PGF-1 and a uterine artery Doppler can be performed
to help predict preeclampsia as early as the first trimester.?*]
The uterine artery Doppler can measure the placental blood
flow and determine if the flow is insufficient, a condition
present in preeclampsia and known as placental ischemia. Th-
ese techniques can improve the outcomes of a patient with
preeclampsia and effect how the patient’s pregnancy is man-
aged by obstetricians. These biochemical markers can help in
the early diagnosis of preeclampsia to help obstetricians bet-
ter manage preeclampsia and monitor the fetus more closely
as well as the prevention of preeclampsia using medication
such as acetylsalicylic acid (ASA).=2

Management and neonatal outcomes of
preeclampsia

The only curative measure in cases of preeclampsia is delivery,
removing the placenta will in most cases cure the high blood
pressure.? The options depend on the severity and the week
of gestation when the preeclampsia is diagnosed. Severe pre-
eclampsia occurring in 36 to 37 weeks of gestation is managed
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by inducing labor. From 24 to 34 weeks of gestation, the man-
agement will depend on the severity of the symptoms. Imme-
diate delivery is needed after corticosteroid therapy to mature
the fetal lungs if a number of other symptoms of comorbidity
are present. These symptoms include eclampsia (seizures),
acute pulmonary edema, subcapsular hepatic hematoma, and
thrombocytopenia.”! The common corticosteroid treatment
is injection of 12 mg of betamethasone 24 hours apart. In all
cases of severe preeclampsia, medications must be used to re-
duce the blood pressure. A severe reduction in blood pressure
can help the mother, but it could also harm the fetus if the
blood pressure is reduced suddenly. If administration of drugs
is determined to provide more benefit than harm, the drugs
used in the management of blood pressure are labetalol, di-
hydralazine, clonidine, and nicardipine. Once delivered, the
mother should still be monitored for continued high blood
pressure and nervous system disturbances. Laboratory test
should also be performed for 72 hours following delivery to
rule out other related comorbidities.

Preeclampsia has significant effects on the fetus, these affects
are due to the abnormal placentation described in the patho-
physiology of the disorder. The placenta is the main source of
blood flow and nutrients between the mother and the fetus.
The different adverse effects on the fetus most commonly
include IUGR, Oligohydramnios, and Placental abruption.®?”
IUGR, is insufficient fetal growth, and inability to reach a pre-
determined standard while in the mother’s uterus. As noted in
preeclampsia, the main cause of IUGR is due to the impaired
remodeling of the spiral arterioles, this will lead to hypoxia in
the fetus. IUGR which will be discussed further, is part of the
triad of placental dysfunction and is a leading factor in cases
of perinatal mortality and morbidity.?® The next fetal affect is
oligohydramnios or the lack of amniotic fluid found in the am-
niotic cavity, this poor development of amniotic fluid is also
linked to the abnormal placentation found in preeclampsia.
The placenta is insufficient to maintain the amniotic fluid and
will cause cord compression, and even fetal death.” The last,
and one of the more severe of the effects of preeclampsia on
the fetus is placental abruption, placenta abruption is when
the placenta separates from the uterine wall before delivery.
The mother will exhibit symptoms of vaginal bleeding, lower
abdominal pain and drop in blood pressure.® Preterm abrup-
tion of the placenta is more common in preeclampsia and
full-term abruption of the placenta is more common in preg-
nancies complicated by smoking, gestational diabetes, and
obesity. Placental abruption causes the need for immediate
delivery, resulting in most cases in a preterm birth.”? Patients
with preeclampsia are at risk for developing the complication
HELLP syndrome, patients should have bloodwork to rule out
HELLP syndrome and be mindful of the symptoms associated.

Diagnostic criteria used for the determination of

HELLP syndrome

HELLP Syndrome, is observed in an estimated 10 to 20% of
severe preeclamptic mothers.B The disorder can develop an-

tepartum or post-partum, 70% of these cases are diagnosed
before delivery in the 27% to the 37" week of gestation. Post-
partum cases make up the remainder and are diagnosed
within 48 hours after delivery. A patient presents upon phys-
ical examination with right upper quadrant abdominal pain,
generalized edema, and significant weight gain. Diagnosis
in the early stages is done using laboratory tests to identify,
hemolysis, altered liver function, and renal dysfunction.??
According to the Tennessee Classification system, all three
elements must be present.¥ The first element, hemolysis,
diagnosed by a LDH (Lactate dehydrogenase) levels above
600 Ul/L, accompanied by a decrease in haptoglobin levels.
Second, is elevated liver enzymes, given by the enzymes as-
partate aminotransferase (AST) and alanine aminotransferase
(ALT). ALT and AST levels must be found to be greater than 70
UI/L. The last element is the low platelet count. The platelet
count is found to be less then 100,000/mm?3.24

Imaging is also required due to the possibility of subcapsu-
lar or intraparenchymal hemorrhage and hepatic rupture. The
diagnostic markers for HELLP syndrome should be evaluated
carefully because they can sometimes mimic those of other
liver related disorders in pregnancy.k> One such disorder is
Acute fatty liver of pregnancy (AFLP); a liver biopsy may be
done to determine the difference between the two but is not
necessary.'" Liver biopsy of a patient with HELLP syndrome
will show focal parenchymatous necrosis, periportal hemor-
rhage, and macrovascular steatosis.2 If the patient presented
with AFLP as opposed to HELLP syndrome, the liver biopsy
would show fatty infiltration of the liver, and diffuse/ peri-
venular microvascular steatosis. Although liver biopsy is con-
sidered the gold standard for diagnosing the difference be-
tween these two common disorders of pregnancy. However,
there is a risk of hemorrhage associated with the biopsy and it
is therefore not feasible.®” An easier way to differentiate and
confirm a diagnosis of HELLP syndrome involves the absence
of hypoglycemia, encephalopathy, and prolonged prothrom-
bin time, these are symptoms commonly seen in AFLP. Con-
versely, HELLP syndrome is characterized by the presence of
severe renal dysfunction and hypertension. Both of these dis-
orders require immediate delivery, so an accurate diagnosis
is not top priority.®¥ These symptoms are best understood in
conjunction with the understanding of the pathophysiology
of HELLP Syndrome.

The pathologic process in HELLP syndrome

The pathologic process that occurs in HELLP syndrome is not
concrete and necessitates further research. However, it is be-
lieved that the syndrome results from abnormal development
of the placenta and certain immune mechanisms. The mother
develops an immune intolerance to the fetus. Immune com-
plexes, and the anaphylatoxins C3A, C5A, and C5B-9 com-
plement complexes.®™ Vascular active compounds are syn-
thesized from platelets when activated by macrophages and
white blood cells. The vascular active compounds cause vaso-
constriction explaining the increase in blood pressure and
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concurrent platelet aggregation and consumption. The Renin
Angiotensin (RAS) system also plays a vital part in maintaining
blood pressure and in HELLP syndrome. Normal RAS involves
juxtaglomerular cells of the kidney that convert pro-renin into
renin.®® Renin then converts angiotensin that is released by
the liver into angiotensin 1. The ACE enzyme found on the
surface of vascular endothelial cells converts angiotensin 1 to
angiotensin 2. Angiotensin 2 promotes intense vasoconstric-
tion and subsequent release of aldosterone that stimulates
the absorption of sodium and water into the blood stream.
HELLP syndrome is thought to be related to an increase in the
amount of Angiotensin 2 produced. In the cases of HELLP syn-
drome, angiotensin 1 receptors are stimulated by an agonist
like effect, further increasing the amount of angiotensin 2 in
the blood stream. However, the exact mechanism requires fur-
ther research.B®

As in the cases of preeclampsia, patients show elevated lev-
els of SFLT-1, but this value alone is not sufficient to explain
different comorbidities associated with pre-eclampsia. SENG
is the casual factor that seems to be associated with HELLP
syndrome and its associated symptoms. endoglin is an angio-
genic factor that regulates vascular tone, angiogenesis, and
coagulation. sENG, an anti-angiogenic factor, is similar in form
to endoglin and thus prevents endoglin from interacting with
the appropriate receptor needed to function.®* The expression
of SENG is upregulated in patients with HELLP syndrome and
it inhibits endothelial capillary formation. The inability of the
endothelial capillary formation to occur results in decreased
placental function. Other angiogenic factors, such as miRNA
have proven to be crucial to the development of angiogenic
factors and deficient in HELLP syndrome, but the regulation of
these factors is unclear.?® Given the complex pathophysiology
and the little understanding we have, further research is ne-
cessitated, just as further research is needed for the treatment
of HELLP syndrome. The main treatment used today is the ad-
ministration of high-dose corticosteroids.

Corticosteroid therapy as treatment for HELLP
syndrome

Antepartum cases of HELLP syndrome require immediate
delivery in most cases. However, in patients with a fetus with
less than 34 weeks gestation, corticosteroid therapy has been
used and has shown to be effective. High doses of Corticos-
teroids have been shown to remedy the critical laboratory
values associated with HELLP syndrome.8 AST, ALT and LDH
levels were shown to be significantly affected. Also noted in
the study, was an inverse relationship between LDH levels
and base platelet count. The lower the platelet count before
treatment, the more drastic the change in LDH levels that were
observed. The ability of the corticosteroids to return the criti-
cal levels to more normal values can prolong the gestation. In
most cases delivery can be pushed off for 48 hours and some-
times longer in the less severe cases.® The severity of HELLP
syndrome is associated with the platelet count and the LDH
levels, therefore these levels are highly indicative of the effec-

tiveness of the corticosteroid treatment.”

In preeclampsia, before the disorder leads to HELLP syndrome,
the disease begins with dysfunction of the vascular endothe-
lium. When administered, Corticosteroids function to stabi-
lize the vascular endothelium. The stabilization of vascular
endothelium helps to prevent hemolysis of erythrocytes and
destruction of platelets. Corticosteroid treatment reduces the
necessity for cesarean delivery, blood transfusion, and con-
comitant infections.® However, the study noted no difference
in the overall morbidity and mortality of patients treated with
corticosteroids in comparison to those who did not receive
the treatment. The morbidities noted in both groups, despite
the treatment, were placental abruption, adult respiratory dis-
tress syndrome, hypoxic ischemic encephalopathy, and retinal
detachment.®® While corticosteroid therapy treatment has
shown to improve some outcomes of HELLP syndrome, the
key component in reducing maternal morbidity and mortality
does not lie in the treatment but ultimately in the early detec-
tion of the syndrome." The complications and comorbidities
of HELLP syndrome that occur after the onset of symptoms
will also require evaluation and treatment.

Evaluation and management of complications
associated with HELLP syndrome

In cases of HELLP syndrome, the most severe part is the af-
termath and the complications that come along with the
common symptoms as described above. Therefore, these
symptoms pose a serious threat to maternal health. These
complications can occur soon after diagnosis of HELLP syn-
drome, but they are sometimes over looked given the be-
ginning of the disease starts with nonspecific symptoms. Th-
ese symptoms include, headache, nausea, vomiting, flu-like
symptoms, malaise, and epigastric pain. The gravest of these
complications and therefore the most important is hepatic
rupture and hematoma. A Hematoma develops with the col-
lection of blood outside the vessels, thought to be part of
the vascular endothelial injury present in the pathogenesis of
HELLP syndrome. The patient can be monitored with CT, MRI,
and ultrasound and blood transfusions can be administered.
The coagulopathy must also be corrected, but the patient is
still at risk of liver rupture and in some cases a liver transplant
is necessary. Due to the hemodynamic instability caused by
HELLP syndrome, patients can go into respiratory failure and
the need for ventilation and intubation is imperative. Patients
have also presented with Acute Respiratory Distress Syndrome
(ARDS), while it only occurs in less than 1% of patients with
HELLP syndrome, intubation is needed as well, but sometimes
is not curative. Patients present with laryngeal edema which
complicates the intubation process and death can occur. ARDS
occurring antepartum in cases of HELLP syndrome results in
death in 23% and 50% in patients presenting with ARDS after
HELLP syndrome postpartum.®“"

The main symptoms and diagnosis of HELLP syndrome involves
the coagulopathy and the risk for hemorrhage. These severe
symptoms can lead to DIC. When a patient enters DIC or dissem-
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inated intravascular coagulation bleeding occurs from many
different sites within the body and it is fatal in 38% of those
patients. Management is multidisciplinary and requires hemo-
static management, with both a massive blood transfusion
and different pharmacological agents. Along with the prob-
lems imposed on the liver, HELLP syndrome can cause acute
kidney failure in 7.4% of cases. Patients in kidney failure have
an increase vascular permeability and therefore management
of fluids is difficult and requires close monitoring. Kidney fail-
ure is treated in both antepartum and post-partum cases with
dialysis, fluid balance, hemodynamic stabilization, and correc-
tion of electrolytes. Lastly, both pre-eclampsia and HELLP syn-
drome increases the risk of adverse cardiovascular outcomes
in the future by 2 to 4 times, this is the same as the increase
in cardiovascular risk in patients who smoke. Future complica-
tions include chronic hypertension and myocardial infarction.
Although the correlation is not concrete, patients should still
be monitored closely by a cardiologist. Lifestyle modifications
such as diet, aerobic exercise., and subsequent weight loss is
also recommended.*"! The severe effects of both preeclampsia
and HELLP syndrome also affect the fetus, leading to IUGR.

Predictive markers and diagnosis of IUGR

IUGR, as stated above, is the failure of the fetus to thrive and
develop while in the uterus.” This is explained by the fact
that IUGR develops when the placenta does not provide suffi-
cient nutrients for the developing fetus. IUGR is linked to the
placental insufficiency that occurs when the spiral arteries are
not remodeled properly, as described in the development of
preeclampsia. This leads to insufficient utero-placental circula-
tion, depriving the fetus of essential nutrients.*? Studies have
been conducted that linked the impaired process of placenta-
tion to the concentration of serum placental products found
in the blood. These tests need to be used in combination with
other biophysical parameters however. The placental volume
and function has been shown to be linked to an insulin-like
growth factor binding protein, pregnancy associated plasma
protein A (PAPP-A), and the levels of beta human chorionic
gonadotropin hormone (b-HCG). Low levels of b-HCG and
PAPP-A in the 10™ to 14" week of gestation has been linked to
pregnancy complications including but not limited to I[UGR.**!
A-disintegrin and metalloproteinase 12 (ADAM-12) is also an
insulin-like growth factor binding protein-protease produced
by the placenta, this can be used a s another biomarker when
low levels are diagnosed in the first trimester, however, the
predictive value is low ranging only from 7% to 20%. As in the
case of pre-eclampsia, an imbalance between the angiogenic
and antiangiogenic factors linked to preeclampsia can also be
used to indicate possible development of IUGR and the need
for close monitoring.*¥ Another marker commonly used in
the diagnosis of IUGR with a placental pathology is the use
of Placental growth factor (PIGF) circulating in the mother’s
blood stream. The normal values for PIGF ranges from 12-3000
pg/ml and depends on gestational age. Using PIGF for indica-
tion of IUGR with a placental pathology involves determining

a value in less than the 5" percentile, which varies for gesta-
tional age."

Mitochondrial DNA levels have also been linked to IUGR. Mi-
tochondria provide the fetus and mother with energy in the
form of ATP, but in the process, they consume O,. Higher mito-
chondrial DNA have reported in maternal blood of a fetus with
IUGR.Thisis thought to be due to the fact that the placental PO,
pressure gradient is increased, more O, will be taken up by the
placenta and therefore less oxygen will be delivered to the fe-
tus.*>#9 Another common marker used for the development of
IUGR is the use of Doppler ultrasound sampling of Uterine Ar-
teries (UAD). This procedure is non-invasive and focuses on the
hemodynamic compartment of fetal and maternal circulation.
“IThe UAD can detect when the spiral arteries have failed to re-
model completely in the placenta, this is indicated by failure of
the vascular compartment to form from high to low resistance.
The resistance index (RI) and the pulsality index (PI) in the 90"
to 95t percentile is indicative of both future preeclampsia and
IUGR. A singe UAD performed with insufficient Rl and Pl values
is not sufficient for a concrete diagnosis, a UAD should be per-
formed between the first and second trimester with sustain-
ably low values during both periods. The UAD results should
be combined with other markers for diagnosis. This technique
should be especially used in those groups who have been di-
agnosed with other diseases related to placental dysfunction
and are identified as a high-risk group for IUGR. All the param-
eters described cannot be used as a sole predictor of IUGR. In-
stead a combination of these parameters should be used. The
clinical and biochemical parameters should be combined with
the Doppler ultrasound to predict the occurrence of IUGR. The
Doppler ultrasound indicates inadequate invasion of the spiral
arterioles, while the biochemical values indicate the function
of the placenta. IUGR is relatively rare among pregnancies oc-
curring in only about ten percent of pregnancies worldwide,
but further research is needed to aid in more predictive early
diagnosis of IUGR, given the severe effects on the developing
fetus both in the womb and after delivery.*¥ It is important to
use the markers described above to distinguish whether or
not the fetus in fact has placental mediated IUGR or if it is just
constitutionally small. This will allow for proper treatment and
the avoidance of invasive fetal monitoring or the need for a
pre-term delivery.*® [JUGR causes severe effects on the neuro-
logical development of the fetus.

Postnatal neurodevelopmental deficits

Intrauterine Growth Restriction detection is essential to min-
imize the adverse outcomes present in early childhood in
infants with IUGR. More prominent are the neurodevelop-
mental delays. Survivors of IUGR are at an increased risk for
learning impairments, cognitive impairments, motor and
sensory deficits, and cerebral palsy. Brain sparing causes the
neurodevelopmental deficits to present in infants with IUGR.
Brain sparing is when early hypoxia causes vasodilation and
increased flow in the anterior cerebral artery.*”? When the hy-
poxia continues into the third trimester, the middle cerebral
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artery becomes dilated instead and cerebral blood flow in-
creases to favor the deep grey matter of the brain. When brain
sparing advances to the middle cerebral artery it is shown to
be indicative of more severe neurodevelopmental deficits. The
lack of placental blood flow causes chronic hypoxia, and the
body adapts to this by redistributing blood flow to the brain as
opposed to other fetal body parts. After birth, the infant with
brain sparing shows less white brain matter and less content
of myelin in the brain."648

Functional deficits occur from infancy to adolescence and
young adulthood. A fetal MRI will show less white matter and
a delay in myelination of the neurons. The delayed myelination
will decrease the speed at which the impulse travels long the
neuron. This will manifest in the infant as attention deficits and
abnormal behaviors. The MRI also shows a significant decrease
in volume in both the cerebellum and the hippocampus. These
areas are especially susceptible to the hypoxia imposed on the
fetus by the impaired function of the placenta. The hippocam-
pus being responsible for memory and the cerebellum being
responsible for coordination and balance will further impair
many important functions of the brain."® When the IUGR fe-
tus reaches school age, the child will have a lower 1Q and will
perform below expected levels as compared to the non-lUGR
counterparts. The same symptoms of cognition and abnormal
behaviors do continue into adulthood, but the adolescent will
also show impaired motor ability. The impaired motor ability
can be traced back to the lower volume of the cerebellumon a
fetal MRI. The abnormal behaviors described will manifest well
into adulthood as problems with attention, interaction, anxi-
ety, hyperactivity, irritability, and mood disorders. The amount
of brain sparing present does depend on sex, weight at birth,
and whether or not the infant was carried to term. Neverthe-
less, brain sparing poses serious complications for the fetus.””

Concluding remarks

Correct formation of the placenta and remodeling of the spi-
ral arteries will allow sufficient blood flow to occur between
the mother and the fetus. However, as discussed there are in-
stances when this does not occur and the mother is at risk of
developing severe complications. One of these complications
is preeclampsia; this hypertensive state of the mother can have
many adverse effects on all organs in the body, mainly the
liver, kidneys and brain. Preeclampsia extends from just high
blood pressure and can lead to different placental mediated
complications of pregnancy and pose a risk on the developing
fetus. One of the more severe complications for the mother
is the development of HELLP syndrome. HELLP syndrome,
can and will result in death unless immediate treatment is re-
ceived. Although development of HELLP syndrome is rare, the
complications are severe for both the mother and baby. Fur-
ther research is needed to determine different environmental
and genetic factors of the disease so preventative measures
can be taken and at-risk groups identified. The fetus will also
suffer the consequences of this dysfunction and can develop
IUGR. IUGR is also linked to the placental development; the fe-

tus suffers from the lack of available oxygen to the placenta.
Our body depends on an adequate supply of oxygen to sur-
vive, and the fetus will require just as much oxygen to develop
the organs necessary for survival outside the womb. The brain
is the organ that pays the major price in the cases of infants
with IUGR, manifesting as neurodevelopmental delays. Un-
derstanding the complex symptoms and prediction markers
available for the diagnosis of the triad of placental dysfunction
can help to minimize adverse outcomes leading to the best
quality of life for the mother and for the baby. Given the rare
occurrence of the triad of placental dysfunction more research
is necessary. Further research can better understand preven-
tative measures that can be taken to prevent or predict the
abnormal formation of the placenta and to help treat the triad
of diseases that can follow placental dysfunction.
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