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Preface 

As editor, I would like to introduce this important book Complications of Pregnancy, 
which is an important subject in our specialty. However, as the subject becomes 
more subspecialized, the general research becomes ever-more limited. 

Selection of the topics was done by authors from different countries interested in 
publishing their research projects. Seven authors have dedicated their input in the 
form of chapters with different subjects. 

The book will be an education for any healthcare provider regarding the research 
carried out at several universities concerning the complications of pregnancy. It is 
the result of many facilitating, researching, and teaching group communications. 

It is important to teach healthcare providers skills that are based on research from 
the field of obstetrics and its complications and ensure that those skills are based on 
current research. 

Obstetrics is a branch of medicine that deals with the medical and surgical care of 
women during pregnancy and delivery and in the postpartum period [1, 2]. The 
book deals with complications during pregnancy in the following areas: 

1. Basic knowledge 

Placental abnormalities and their complications during pregnancy [3]. 

2. Clinical application 

a. How early pregnancy loss and miscarriage can affect maternal health [4]. 

b. Fetal foot length and its effect on diagnosis and complications [5]. 

c. Nutrition and maternal heath [6]. 

d. Fetal hydrops fetalis [7]. 

3. Maternal morbidity and mortality 

a. Maternal and fetal complications due to decreased nitric oxide synthesis during 
gestation [8]. 

b. Human leukocyte antigen in alloimmunization during pregnancy [9]. 

4. Postpartum care 

a. Immediately after delivery for up to six to eight weeks, the body goes through a 
number of changes. Healthcare providers should frequently assess blood pres-
sure, heart rate, and amount of bleeding. 

b. Complications such as infection of an episiotomy should be avoided, and 
wound care and the amount of bleeding need to be monitored. Expect the size 



 
 

 

of the uterus to shrink and become firmer below the umbilicus. Give advice 
on breastfeeding as soon as possible, which will help to contract the uterus. 
Observe for infections (bad smells, etc.) [10]. 

Hassan Abduljabbar 
King Abdul Aziz University, 

Saudi Arabia 
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Chapter 1

Placental Abnormalities
Alexander L. Juusela

Abstract

A detailed discussion of normal placental development and physiology is
beyond the scope of this chapter and is discussed in other chapters. Instead, this
chapter will focus on an overview of congenital placental abnormalities and the
obstetrical complications that can arise. The goal of this chapter is to delineate the
real-world implications of placental abnormalities and provide the reader with a
basis for understanding the other chapters that will delve into microbiology, genom-
ics, immunohistochemistry, and biochemistry of the placenta. The focus of this
chapter will be on the developmental anomalies and this chapter will not discuss
acquired anomalies (e.g., chorioamnionitis, amnion nodosum, metastatic tumors,
and umbilical cord true knots). As the intention of this chapter is to focus on the
etiopathogenesis of abnormal placentation, it is not intended to instruct the medical
management of the described conditions, and therefore the discussions of manage-
ment will be brief. The information provided is intended for general knowledge only
and is not intended for use in diagnosing or treating a health problem or disease
without consultation with a qualified healthcare provider. This chapter is not a sub-
stitute for professional medical advice, or treatment for specific medical conditions.

Keywords: abnormal placentation, intrinsic placental abnormalities,
implantation abnormalities, placental perfusion, placenta accreta, placenta previa,
ectopic pregnancy, abruption, hematoma, vasa previa, circumvallate placenta,
chorioangioma, amniotic band sequence, placenta membranacea, battledore
placenta, single umbilical artery, velamentous umbilical cord, preterm labor,
intrauterine growth retardation, intrauterine fetal demise, pregnancy complications,
high-risk pregnancy, maternal-fetal medicine, embryology, fetal development,
fetal intervention, obstetrical emergency, fetal surgery

1. Introduction

The placenta is a fascinating organ, unique in that it is critical for human
development, yet becomes dispensable once extra-uterine life has begun. During 
embryogenesis, the placenta functions as the maternal-fetal interface and performs
the roles of the lungs, liver, and kidneys for the growing gestation, as well as provid-
ing nutrition. Placental development is intriguing in the balancing act performed 
when invading the maternal endometrium to permit growth of the blastocyst, 
however, unlike neoplasms, its invasion and growth has set end points, beyond 
which pathologic states can develop Pictures 1–6.

The term placentation is defined as the formation or arrangement of the placenta
in the body of a woman or female animal. As discussed later in this chapter under
the ectopic implantation discussion, the definition of placentation will be extended 
beyond implantation only in the uterus to “the body”.
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The placenta is a fascinating organ, unique in that it is critical for human 
development, yet becomes dispensable once extra-uterine life has begun. During 
embryogenesis, the placenta functions as the maternal-fetal interface and performs 
the roles of the lungs, liver, and kidneys for the growing gestation, as well as provid-
ing nutrition. Placental development is intriguing in the balancing act performed 
when invading the maternal endometrium to permit growth of the blastocyst, 
however, unlike neoplasms, its invasion and growth has set end points, beyond 
which pathologic states can develop Pictures 1–6. 

The term placentation is defined as the formation or arrangement of the placenta 
in the body of a woman or female animal. As discussed later in this chapter under 
the ectopic implantation discussion, the definition of placentation will be extended 
beyond implantation only in the uterus to “the body”. 
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Picture 1. 
Placenta previa with placenta accreta. 

Picture 2. 
Increased endometrial invasion by placental vasculature suspicious for placenta accreta. 

Over the last couple centuries, scientific investigation has allowed us to under-
stand the embryology, anatomy, and physiology of normal and abnormal placen-
tation on both an organ system and a molecular level. We have established and 
continue expanding our understanding of how placental abnormalities and malfunc-
tions contribute to the development of maternal, fetal, and neonatal disease, with 
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current investigations examining the correlations between in utero conditions on 
future disease development during childhood and adulthood. Placental organogene-
sis, development, function, and malfunction remain fields of vast potential research 

Picture 3. 
Placental separation. 

Picture 4. 
Velamentous cord insertion. 
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Picture 5. 
Placenta previa with placenta percreta invading the bladder. 

Picture 6. 
Placenta previa with measured Cervical Canal. 

that are covered in depth in other chapters in this book. The goal of this chapter is 
to delineate the real-world implications of placental abnormalities and provide the 
reader with a basis for understanding the other chapters that delve into microbiology, 
genomics, immunohistochemistry, and biochemistry of the placenta Table 1. 
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Table 1. 
Placenta previa and placenta accreta by number of cesarean deliveries. 

2. Part 1: intrinsic placental abnormalities 

A. Amniotic band syndrome (sequence)—This congenital structural defect can lead 
to both minor and major malformations via entanglement of fetal structures 
in constricting rings. The malformations formed depend on the structure(s) 
entrapped in the band(s), and can range from minor constriction mediated 
limb abnormalities, amputation of extremities, complex body wall defects, 
craniofacial defects, and even gross defects non-compatible with life [1, 2]. The 
presumed etiopathogenesis leading to the clinical presentation of ABS is that 
mesodermal bands from the chorionic side of the amnion separate during early 
gestation and become attached to or entrap the embryo or germ disc [2–5]. 
Then, as the fetus grows, either via tethering bands or mechanical constric-
tion, malformations develop. There is variance in the definition and debate 
regarding the associated sequences, complexes, and syndromes. When an 
abnormal band is noted on prenatal ultrasound, the differential diagnosis must 
include uterine synechiae, a residual gestational sac, and uterine septa. Once 
these differential diagnoses are ruled out, further investigation must be taken 
to identify other fetal or placental abnormalities. To date, there are no known 
biochemical markers or genes to definitively diagnose the syndrome, however, 
there is an association with chromosomal abnormalities, and therefore the 
work-up often includes amniocentesis for karyotype as well as single nucleotide 
polymorphism (SNP) microarray [6–12]. As the presentation and complica-
tions are diverse, management depends on individual cases and ranges from 
expectant management with intervention in the neonatal/pediatric period, 
to fetoscopic band transection (fetal surgery), and even termination of preg-
nancy. The wide range of potential malformations has led to the varied ter-
minology frequently found in the literature, which includes but is not limited 
to: amniotic band syndrome, amniotic band sequence, amniotic deformity, 
adhesion mutilation (ADAM) sequence, amniotic band disruption complex, 
limb body wall complex, body wall complex with limb defects [3–5, 11, 13–18]. 
The confusion upon review of literature regarding the subject is immediately 
evident when reviewing the nomenclature. Further investigation is needed to 
determine if the ABS is a spectrum of one pathologic process or rather a collec-
tion of differing pathologic processes which result in similar outcomes. 
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B. Bipartite placenta (placenta duplex)—condition in which the placenta develops 
into two nearly symmetrical lobes with the umbilical cord insertion insert-
ing between the two lobes. The insertion can either connect with a chorionic 
bridge or into the membranes (see velamentous insertion). A rare condition, 
placentas with more than two equivalently sized lobes are termed multilobate. 
When a placenta is comprised of two or more unequally sized lobes, the 
smaller lobe(s) (or succinturiate lobe) can develop in the membranes, distal to 
the primary larger lobe, with connecting vessels running through the mem-
branes in a similar fashion to velamentous insertion. The second lobe can some-
times be located quite distant from the main lobe. Placentas with succinturiate 
lobes are not correlated with adverse fetal effects; it is at the time of labor and 
delivery that they are subject to the complications. If the succinturiate lobe 
or connecting vessels are covering the internal cervical os, the risk or vessel 
avulsion, marginal placental separation, and hemorrhage exist—equivalent to 
vasa previa and placenta previa. As the succinturiate lobe is often implanted 
in the membranes, it remains at risk for avulsion and becoming retained at the 
time of placental removal. This can lead to uterine atony, postpartum hemor-
rhage, and endometritis. 

C. Chorioangioma—a benign tumor of the placenta, found in approximately 1% 
of all pregnancies, which develops from abnormal proliferation of primitive 
chorionic vessels [19]. Chorioangiomas are typically small masses without clini-
cal consequences, however, large chorioangiomas, typically lesions larger than 
4 cm, can cause hydramnios, arteriovenous (AV) shunting, and fetal red blood 
cell (RBC) sequestration. AV shunting and RBC sequestration can lead to fetal 
anemia, non-immune hydrops fetalis, fetal cardiomyopathy, intrauterine fetal 
growth restriction (IUGR), and even fetal demise [19–22]. Chorioangiomas are 
diagnosed via ultrasonography as well circumscribed solid or complex masses 
located on the fetal side of the placenta with turbulent hypervascular flow on 
Doppler-flow imaging. Management depends on the size of the mass, evidence 
of hydramnios, and evidence of fetal compromise, with management ranging 
from amnioreduction, percutaneous intrauterine transfusion, and embolization 
or laser coagulation of feeding vessels [20–22]. 

D. Circummarginate placenta—a rare embryologic abnormality in which hemor-
rhage and fibrin deposition separate the placenta and amniochorion. This condi-
tion is more common in multigravidas and has no known clinical significance. 
In comparison to circumvallate placenta, there is no firm ridge at the edge of 
the placenta and the margin is thin and flat. It typically is an incidental finding 
during prenatal ultrasound. 

E. Circumvallate placentation—a rare embryologic abnormality in which the 
chorionic plate is unusually smaller than the basal plate, causing the amniotic 
membranes to insert medial to the placental edge. On examination, there 
is a characteristic white ring around the surface of the placental disk that is 
comprised of a double layer of amnion and chorion with fibrin and necrotic 
villi. It is predisposed to abnormal separation and commonly presents with 2nd 
trimester vaginal bleeding, being diagnosed via ultrasound or after delivery 
[23]. Pregnancy complications are common and include oligohydramnios, small 
for gestational age (SGA) neonates, abruption, and intrauterine fetal demise 
(IUFD) [24–26]. Management depends on the individual cases and subsequent 
maternal and/or fetal complications. 

F. Four-vessel umbilical cord—During embryogenesis the umbilicus develops 
initially with two arteries and two veins. During the 1st trimester one umbilical 
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vein atrophies and the normal human placenta develops with one large umbili-
cal vein and two smaller umbilical arteries. Four-vessel umbilical cords are 
rare phenomena in which both umbilical veins and both arteries remain. This 
condition is associated with congenital anomalies, and when found should 
prompt further investigation; however, when it is an isolated finding the clinical 
prognosis is improved [27–29]. 

G. Marginal (battledore) umbilical cord insertion—This condition is called bat-
tledore placentation secondary to the shape of the placenta and cord. In this 
condition, the cord inserts at the edge of the placenta and gives it the appear-
ance of the racquet used in the precursor game to badminton. Marginal umbili-
cal cord insertions are present in approximately 6.3% of singleton gestations 
and 10.9% in twin gestations, especially in monochorionic twin gestations [30]. 
This condition rarely causes complications in singleton gestations prior to the 
3rd stage of labor, during which, the marginal cord insertion can be avulsed 
during placental delivery [31]. In monochorionic twin gestations, a marginal 
cord insertion may lead to unequal sharing of the placental mass and therefore 
lead to discordant fetal weight [32]. 

H. Placenta membranacea—in this rare condition, the chorionic sac is nearly or 
completely covered by placental villi. The placenta is thin, yet deeply implanted 
in the endometrium, which places it at risk for forming placenta accreta and 
previa, with the subsequent sequellae of the aforementioned conditions. Aside 
from the risks associated with placenta previa and accreta, placenta membrana-
cea is also at risk for recurrent antepartum bleeding, intra-uterine growth retar-
dation (IUGR), miscarriage, preterm labor, intrauterine fetal demise (IUFD), 
retained placenta after delivery, and postpartum hemorrhage [33–35]. 

I. Single umbilical artery (SUA)—SUA is an umbilical cord anomaly in which only 
one umbilical artery develops, and is the most common congenital umbilical 
cord anomaly. There are currently three proposed mechanisms of action leading 
to SUA. The first is primary agenesis of one of the umbilical arteries. The second 
is secondary atresia or atrophy of one artery in a normal three-vessel umbilical 
cord. The third is persistence of the embryologic single allantoic artery of the 
body stalk. When a SUA is identified on fetal ultrasonography, further work-up 
(detailed fetal ultrasonography, fetal echocardiography, and amniocentesis 
for karyotype) are warranted, as there is an associated high incidence of major 
chromosomal and congenital anomalies, as well as abnormalities of the renal 
and cardiac structures [36–41]. SUA is associated with intrauterine growth 
retardation (IUGR), preterm labor (PTL), small-for-gestational-dates (SGA) 
neonates, and the aforementioned structural anomalies. Twin gestations are 
affected in approximately 4–11%, without a difference in incidence between 
monochorionic and dichorionic twins [42]. When isolated SUA (iSUA) is identi-
fied, the fetus usually has normal chromosomes, and routine neonatal examina-
tion and care is indicated [43]. 

J. Succinturiate placental lobe(s)—see Bipartite placenta for discussion. 

K. Vasa previa—an uncommon condition occurring in an estimated 0.60 per 1000 
pregnancies, in which, like to velamentous umbilical cord, the vessels pass within 
the membranes and cross over the internal cervical os [44]. In fact, vasa previa 
is often identified in conjunction with placenta previa, a velamentous cord, 
succinturiate lobes, and in the setting of in vitro fertilization (IVF). These vessels 
are also at risk of compression when fetal parts become engaged with the cervix. 
Equivalent to velamentous insertion, vasa previa is at risk of vessel avulsion 
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during membrane rupture and cervical dilation. Upon vessel avulsion, the fetus 
can precipitously exsanguinate, therefore, prenatal diagnosis is paramount in 
preventing potentially catastrophic peripartum complications [45]. The diag-
nostic modality of choice is transvaginal ultrasound with Doppler flow [46–48]. 
When diagnosed in the antepartum period, the preferred method of birth is 
planned cesarean delivery prior to the onset of labor or rupture of membranes. 

L. Velamentous insertion of the umbilical cord—a potentially catastrophic umbilical cord 
anomaly in which the umbilical vessels separate in the membranes before the cord 
reaches the chorionic plate. The vessels are not covered by Wharton’s jelly and can 
therefore be easily compressed, lacerate, and rupture, leading to fetal hemorrhage 
[46]. The vessels are at greatest risk with rupturing of membranes as the vessels can 
tear. A common presenting sign is increased vaginal bleeding at the time of sponta-
neous rupture of membranes (SROM) or artificial rupture of membranes (AROM) 
[49]. Pregnancies complicated by velamentous insertion of the umbilical cord are 
associated with increased risk of PPROM, preterm labor, abruption, peripartum 
non-reassuring fetal heart tracing (NRFHT), cord avulsion requiring manual 
removal of the placenta, cesarean delivery, and fetal/neonatal death [31, 46, 49, 50]. 
When diagnosed in the antepartum period, management depends on whether or 
not the velamentous cord insertion is associated with vasa previa. When it is associ-
ated with vasa previa, the preferred method of birth is planned cesarean delivery 
prior to the onset of labor or rupture of membranes. In the absence of vasa previa, 
there is currently no evidence that cesarean delivery or induction of labor improve 
outcomes. As the vessels lack the Wharton’s Jelly found in normal umbilical cords, 
the vessels are prone to compression and avulsion, therefore laboring patients 
should have continuous fetal heart rate monitoring to allow prompt diagnosis of 
fetal distress. Additionally, there is an increased risk of cord avulsion when traction 
is applied to the umbilical cord in the third stage of labor. 

3. Part 2: implantation abnormalities 

A. Abnormal implantation 

a. Ectopic implantation (ectopic pregnancy) occurs when the blastocyst implants in a 
site other than the uterine endometrium and is estimated at between 0.5 and 1.5% 
of all 1st trimester pregnancies in the United States [51, 52]. Ectopic implantation 
is most common in the fallopian tube (approximately 96% of ectopic pregnancies) 
[53], but it can occur in the uterine cornua, ovary, cervix, and even parasitically 
implanting into the intraabdominal organs and vessels [54–58]. Unlike the uterus, 
structures like the fallopian tube, cervix, cesarean scar, and ovary cannot accom-
modate a growing fetus, are prone to acute rupture, and the resulting hemorrhage 
can be life threatening. The current era in medicine, with diagnostic modalities 
such as ultrasound and Beta-HCG hormone blood and urine level testing, diagnos-
ing ectopic pregnancy rapidly has led to decreased morbidity and mortality. In 
the United States, the mortality rate from ectopic pregnancy has decreased since 
the 1980s, with ectopic pregnancy comprising 3% of all cause pregnancy-related 
deaths in a 2017 study [59, 60]. Risk factors for ectopic pregnancy include history of 
sexually transmitted or other pelvic infection (such as chlamydia, gonorrhea, pelvic 
inflammatory disease and tubo-ovarian abscess), prior ectopic pregnancy, tubal 
surgery, tobacco smoking, pelvic adhesions (e.g., secondary to endometriosis, sal-
pingitis, pelvic abscess, appendicitis), assisted reproductive technology, congenital 
fallopian tube abnormalities, diethylstilbestrol exposure, and Salpingitis isthmica 
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nodosa [61–63]. Patient presentation and outcomes depend on the pregnancy loca-
tion and range from pregnancy failure with reabsorption, to spontaneous abortion, 
to continued growth leading to surrounding structure rupture and hemorrhage. 
Management depends on a multitude of factors including the site of implantation, 
size of the gestational sac or fetus, beta-human chorionic gonadotropin (Beta-
HCG) hormone level, and the patient’s presenting signs and symptoms and range 
from expectant management, to intragestational or systemic methotrexate (MTX), 
to surgical intervention. 

b. Placenta previa is the term when placental implantation is either adjacent to or 
covering the internal cervical os. The prevalence varies per region, however, has 
been estimated between approximately 4 and 5.2 per 1000 pregnancies, with the 
incidence of marginal placenta previas decreasing as gestational age increases 
(see discussion below for further details) [64, 65]. Further distinction is made 
between complete coverage of the internal cervical os or complete placenta 
previa versus when the leading edge of the placenta is implanted within less than 
2 cm from the internal cervical os or marginal placenta previa. The severity of 
complications varies widely based on the location of the placenta in relation to 
the cervical os, as well as the degree of placental separation. The location of the 
placenta over or at the margin of the internal cervical os leads to a predisposition 
for hemorrhage if cervical dilation occurs as any cervical dilation will expose 
placental blood vessels, leading to a range from concealed bleeding (i.e., no 
observed vaginal bleeding) to frank exsanguination. Complications during 
labor arise from both the placental separation and the structural blockage of 
fetal expulsion from the uterus by a complete previa. Depending on the placen-
tal implantation site, as the uterus grows throughout the gestation, marginal 
placenta previas, when followed by serial ultrasound examination have a docu-
mented tendency to become progressively distanced away from the internal 
cervical os. However, placenta previa remains at risk of interface separation and 
subsequent hemorrhage when contractions and/or cervical dilation occur at any 
time during the pregnancy. The etiopathogenesis of placenta previa remains 
elucidated, and the two current hypotheses are: 1. Lack of a suitable implantation 
site in the uterine fundus or corpus. Secondary to uterine trauma from previous 
surgery (e.g., cesarean deliveries, myomectomies, dilation & curettage) and/or 
multiple pregnancies, the sites of normal implantation develop areas of subop-
timally vascularized uterine decidua, which predispose to implantation of the 
trophoblast in the lower uterine segments [64]. 2. Large placental surface area, 
secondary to conditions such as multiple gestations and placenta membranacea, 
increases the probability of the placenta implanting or extending over the inter-
nal cervical os. Known major risk factors include: 1. Previous placenta previa, 
which has a recurrence in 4–8% of future pregnancies [64, 66, 67]. 2. Previous 
Cesarean deliveries, with a dose–response pattern in the risk of placenta previa, 
the risk increasing with the number of cesarean deliveries previously performed 
[68, 69]. 3. Multiple gestations—in a retrospective cohort study that included 
67,895 pregnancies, 2.1% of singleton and 2.5% of twin gestations had previa 
diagnosed. A subgroup analysis demonstrated that dichorionic twin gestations 
were at an increased risk for ultrasonography-diagnosed previa when compared 
with monochorionic or single gestations [70]. Minor risk factors include: 1. 
Increasing maternal age. 2. Increasing parity. 3. Previous non-cesarean delivery 
surgeries (uterine evacuation, myomectomy, infertility procedures). 4. Drug 
usage (tobacco smoking and cocaine usage). 5. Non-white race. 6. Male fetus. 
Management of placenta previa depends on if it is a complete or marginal previa, 
if there is a suspected concomitant placenta accreta, and then individualized 
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based on multiple factors: the estimated gestational age (EGA), the distance 
of the placental edge from the internal cervical os, any evidence of abruption, 
maternal vaginal bleeding, hemodynamic instability, or evidence of fetal distress. 
Therefore obstetricians must base management on their assessment of individual 
cases. An actively bleeding placenta previa is a potential obstetrical emergency, 
and should be handled as if having the potential for rapid hemorrhage and 
requirement for massive transfusion of blood products and crystalloid. Upon the 
onset of labor, if both the mother and fetus are stable, and the placenta is at least 
2 cm from the internal cervical os, the patient can safely undergo labor. 

c. Placenta accreta spectrum (PAS)—a collection of conditions of abnormal placen-
tation caused by trophoblastic invasion into the myometrial tissue beyond the 
normal boundary established by the Nitabuch fibrinoid layer. The PAS includes 
the diagnoses of placenta accreta, increta and percreta, with the definitions 
differing solely based on the depth of invasion of the placenta into the uterus 
and even beyond the uterus into adjacent structures and organs. Whereas, in 
normal placentation, placental villi attach to the decidual basalis, microscopic 
analysis of PAS has demonstrated partial or complete absence of the decidual 
layer such that the placental villi attach and/or interdigitate with myometrial 
fibers [71–75]. Mechanical disruption of the endometrial tissue from cesarean 
deliveries, myomectomies, uterine ablation, dilation and curettage, or endo-
metritis is the current leading hypothesized etiopathogenesis of PAS [71–79]. 
Investigation is currently underway to identify other factors such as increased 
growth expression and angiogenesis that may contribute this pathologic process 
[75, 76, 80]. Physiologically, separation between placental cotyledons and the 
uterus occurs at the decidual layer, which functions as a cleavage line. In the 
absence of a decidual layer, separation between the placental cotyledons and 
the uterine spiral arteries does not occur, and the uterus continues to perfuse 
the cotyledons, which, in turn, leads to hemorrhage [77]. The current estimated 
incidence of PAS is 3.0 per 1000 pregnancies [81]. Secondary to the rise in 
frequency of operative procedures (specifically cesarean deliveries, with an 
estimated incidence increasing from 12.5% in 1982 to 32.2% in 2014 [78, 81]), 
there was a concomitant estimated increase in PAS of 0.8 per 1000 deliveries 
during the 1980s to the current estimate of 3.0 per 1000 pregnancies [78, 81–86]. 
Undiagnosed PAS can lead to massive intrapartum and postpartum hemor-
rhage, consumptive coagulopathy, disseminated intravascular coagulopathy, 
hypovolemic shock, and maternal mortality [71, 79, 87, 88]. The importance 
of antepartum placental analysis has been well established, and the individual 
practitioner must have a high index of suspicion at the time of delivery [89]. 
US and magnetic resonance imaging (MRI) are the diagnostic modalities most 
frequently used [90–93]. Identification of placental invasion of the myometrium 
can be made with US, with a positive predictive value (PPV) of 68%, a nega-
tive predictive value (NPV) of 98%, and a sensitivity of 89.5% [90]; with MRI, 
the sensitivity is 88%, specificity is 100%, PPV is 100%, and NPV is 82% [91]. 
Establishing a suspected diagnosis of PAS before delivery allows for a scheduled 
delivery and pre-operative planning with a multidisciplinary team based on 
the severity of the PAS. This can include consultation with a Maternal-Fetal 
Medicine specialists, gynecologic-oncologists, general surgeons, urologists, 
vascular surgeons, anesthesiologists, neonatologists, intensive care specialists, 
interventional radiologists, blood bank personnel, and nursing staff. There cur-
rently is inconclusive evidence for improved outcomes with pre-delivery place-
ment of ureteral stents or internal iliac artery occlusive devices. Management 
of PAS varies as widely as the degree of abnormal placentation. Case by case 

12 



   
 

 
 

 
 

 
 

 
 

 
  

 
  

 
 

  
 

 

 
 

 

 
 

 
 
 

 

 

  
 

  
 

 
   

  

 
 

 

 

Placental Abnormalities 
DOI: http://dx.doi.org/10.5772/intechopen.81579 

management depends on whether or not it was identified before delivery, 
estimated gestational age (EGA), maternal factors (co-morbidities, previous 
surgery, status of labor), the size of the morbidly adherent placenta, the hem-
orrhage encountered, structures invaded by the placenta, adhesions, parity, 
presence of placenta previa, and other individualized factors. No randomized 
controlled trials (RCT) exist to guide management; therefore management 
varies between institutions and practitioners. The definitive treatment for PAS 
is cesarean-hysterectomy; however, experimental modalities aimed at uterine 
conservation have included leaving the placenta en situ followed by hypogastric 
artery ligation, uterine artery embolization, compression sutures, intrauterine 
balloon tamponade, and adjuvant methotrexate [94]. It should be noted that 
these experimental methods remain at risk for hemorrhage and delayed hys-
terectomy. It is the opinion of both the American College of Obstetricians and 
Gynecologists (Committee Opinion No. 529) as well as this author, that cases 
should be individualized, but “the recommended management of suspected pla-
centa accreta is planned preterm cesarean hysterectomy with the placenta left in 
situ.” [95] If the practitioner believes that adequate care cannot be administered, 
then transfer of care to a tertiary care center, specifically a center of excellence 
for PAS, is recommended. 

d. Cervical ectopic pregnancy is a rare phenomenon, estimated at <1% of all ectopic 
pregnancies [57], while cervical placenta accreta is an even rarer condition. In con-
trast to the endometrium, the cervix does not contain a decidual layer; therefore, it 
is hypothesized that pathogenesis of cervical accretas is attributable to direct dam-
age from cervical instrumentation during in vitro fertilization, intrauterine device 
placement, dilation and curettage, cesarean delivery, and previous cervical and/or 
uterine surgery [96, 97]. While diagnosis of a cervical ectopic pregnancy is made 
via ultrasound, cervical placenta accreta is a pathologic diagnosis made after surgi-
cal procedures such as trachelectomy and hysterectomy. Therefore, management 
is that of a cervical ectopic pregnancy. Ultrasound has allowed for early diagnosis 
and attempts at preservation of reproductive capacity via intragestational potas-
sium chloride or methotrexate (MTX), local or systemic MTX, and/or uterine 
and hypogastric artery embolization [57, 96, 97]. However, when conservative 
measures fail in the acute scenario, the conventional gold standard remains total 
abdominal hysterectomy (TAH) [98]. 

B. Abnormal cytotrophoblastic invasion 

a. Implantation of the blastocyst into the endometrium occurs between days 6 and 
7 after fertilization and is a highly regulated process that occurs in three phases: 
1. Apposition, or initial contact of the blastocyst with the endometrium; 2. 
Adhesion, or adhesion between the blastocyst and decidua, and; 3. Invasion, or 
continued penetration into and invasion of the decidua by the syncytiotropho-
blast and cytotrophoblasts, down to the inner third of the myometrium, followed 
by union with the uterine vasculature. Studies are currently underway to identify 
the exact pathways and mechanisms by which the blastocyst, like a neoplasm, 
invades the decidua, inner third of the myometrium, and stimulates local angio-
genesis to promote its own growth [99, 100]. Unlocking this complex process has 
enormous potential for the fields of oncology and reproductive endocrinology 
[101]. Investigation into the three phases of implantation have identified numer-
ous growth factors [e.g., vascular endothelial growth factor (VEGF), placental 
growth factor (PlGF), transforming growth factor-B1 (TGF-B1)], angiogenic fac-
tors, adhesion molecules, cytokines, interleukins, receptors, transcription factors, 
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and associated pathways [102–105]. For example, adhesion of the blastocyst to 
the endometrium depends on hormonally mediated Integrins, one of the four 
classes of cell receptors termed cellular adhesion molecules (CAMs) [106–108]. 
The mechanisms of impaired trophoblast migration are also currently being 
elucidated, and are associated with local placental hypoxia and abnormal placen-
tal growth factors, including placental growth factor (PlGF), hypoxia inducible 
factor (HIF), tyrosine kinase 1 (sFlt1), and reactive oxygen species [109–111]. 
Defective implantation and placentation clinically leads to recurrent spontane-
ous abortion, PPROM, IUGR, and preterm labor [112]. Inadequate or absence of 
secondary invasion of the endovascular trophoblast into the maternal spiral arter-
ies of the myometrial layers during weeks 15 to 22 of gestation is associated with 
maternal chronic hypertension (CHTN), preeclampsia, and diabetes [112, 113]. 

4. Part 3: processes affecting placental perfusion 

A. Abnormal placental separation 

a. The author acknowledges that there are various medical conditions and mecha-
nisms of action (such as trauma and hypertension) that can lead to abnormal 
placental separation, however, this topic is included in this chapter as current 
investigation is underway correlating genetics and characteristics of certain 
placentas to a predisposition for abnormal placental separation. The pathways 
and cascades that interact to prevent or promote separation and rupture of 
membranes include cytokines, transcription factors, thrombin, matrix metal-
loproteinases (MMP), prostaglandins, hormones, collagen, proteoglycans, and 
fetal fibronectin (FFN) [114–116]. 

b. Chorionic hematoma—a hematoma (collection of blood) between the chorion 
and the uterine wall. It occurs in an estimated 3.1% of all pregnancies and typi-
cally presents with first trimester vaginal bleeding, and is associated with spon-
taneous abortion when occurring in the first trimester [117]. Sonographically, 
hematomas appear as hypoechoic crescents with location depending on the type. 
Chorionic hematomas may mimic a thickened placenta because the hematoma 
is often isoechoic to the placenta; however, on color Doppler ultrasound there is 
the absence of internal blood flow. Three types exist: 

i. Subchorionic hematoma—the partial detachment of the chorionic membranes 
from the endometrium due to mass effect by a hematoma. It is the most 
common form. 

ii. Subamniotic (preplacental) hematoma—a rare form of hematoma that is 
contained within the amnion and chorion. 

iii. Retroplacental hematomas—complete or partial detachment of the placenta 
from the uterine wall with a hematoma confined behind the placenta. When 
the Large hematomas can decrease trans-placental perfusion and lead to 
intrauterine growth retardation (IUGR) and oligohydramnios [118]. 

c. Placental abruption—Abnormal placental separation, termed abruption placen-
tae or placental abruption, is defined as the complete or partial separation of a 
normally implanted placenta from the uterine wall after 20 weeks of gestation, 
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but before delivery of the fetus. This condition affects an estimated 1 in every 
100–120 pregnancies and typically presents after 20 week of gestation; however, 
the gestational age-specific incidences depend on the underlying etiopathogenesis 
of individual cases [44, 119–121]. Placental abruption is a clinical diagnosis, and 
even with prompt diagnosis, the maternal and fetal morbidity and mortality 
can be devastating. The presentation varies from the classic scenario of post-
mechanical event (such as trauma) acute-onset painful life-threatening obstetrical 
hemorrhage with associated fetal distress noted on external fetal monitoring to 
incidentally identify painless concealed focal retroplacental hematomas with 
intraplacental anechoic areas to chronic painless vaginal bleeding [122–124]. It 
should be noted that ultrasound has a low sensitivity for diagnosing abruption, 
and therefore diagnosis should be based on clinical suspicion. Known risk factors 
include trauma, hypertensive disorders, preterm premature rupture of membranes 
(PPROM), subchorionic hematomas, and cocaine [123, 125, 126]. Management 
is individualized to the degree and severity of individual cases, ranging from 
emergent cesarean delivery for acute complete abruptions to serial surveillance 
and expectant management for contained retroplacental hematomas. While man-
agement of acute abruptions is part of the standard training for obstetricians, the 
individualized management of chronic and/or partial abruptions without evidence 
of fetal compromise or maternal instability is a less defined arena which must 
take account maternal factors (such as medical co-morbidities, hemoglobin and 
hematocrit level, blood type, evidence of coagulopathy, Bishop score, and patient 
reliability for close surveillance) as well as fetal considerations (such as gestational 
age, viability, fetal presentation, complications, estimated fetal weight, chorionic-
ity, practitioners experience). It is a scenario that often leads to consultation with 
Maternal-Fetal Medicine specialists for assistance and guidance. The mechanical 
separation at the maternal-fetal interface can decrease the placental perfusion 
in a fashion similar to placental infarcts and acute atherosis of the spiral arteries 
(please see the relevant sections of this chapter) and can lead to fetal acidemia, 
intrauterine fetal growth restriction (IUGR), small for gestational age (SGA) neo-
nates, chronic abruption-oligohydramnios sequence, and preeclampsia [127–129]. 
Abruptions with large volume hemorrhage can lead to cardiovascular compro-
mise, disseminated intravascular coagulation (DIC), and both fetal and maternal 
mortality. Patients with a history of one previous placental abruption are at 3–15% 
risk of future abruption, and women with a history of two previous abruptions 
are between 20 and 25% risk of repeat abruption [44, 130–133]. Research focused 
on preventing placental and maternal interface infarcts is currently active with 
small randomized controlled trials (RCTs) demonstrating a protective effect with 
anticoagulants administered in a subcuticular manner [134]. 

5. Conclusions 

The placenta is an indispensable, yet temporary, organ of the developing human 
that we are rapidly improving our knowledge of via scientific investigation. Clinical 
correlates of placental abnormalities and malfunction are a common occurrence at 
prenatal testing centers and on the labor and delivery wards throughout the world. 
Placental abnormalities can lead to adverse fetal outcomes such as SGA/IUGR, dis-
cordant growth in twins, preterm birth, IUFD as well as maternal adverse outcomes 
such as hemorrhage requiring blood transfusion, surgery for retained products of 
conception, hysterectomy, and even mortality. When diagnosed in the antepartum 
or peripartum period, practitioners must take into account minimizing adverse 
consequences to both the fetus/neonate as well as the mother. Neonatal outcomes 
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vary as widely as the placental pathology outlined in this chapter and depend both 
on the EGA at diagnosis, severity of the pathology, duration, fetal attributes, as well 
as peripartum events. 

Through the course of this chapter intrinsic and extrinsic placental abnormali-
ties and their clinical correlates have been described. Hopefully, this chapter 
provided you with an overview of the complex processes of abnormal placentation 
in relation to real-world outcomes, and will allow you to better understand the 
following chapters in this book. 
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Future investigation 

As medical practitioners, our current prenatal toolkit for treating placental 
malfunctions is limited, with the main tool being increased fetal surveillance, and 
when things go awry, the definitive intervention is delivery of the fetus. Until more 
is known regarding placental pathology and we develop methods for preventing, 
modifying, treating, or possibly even reversing the pathology, then expedited, and 
often preterm, delivery with its associated sequellae remains our principal method 
of therapy. Scientific investigation carries on at a fevered pace, with new findings 
piecing together the complex biological nature of this fascinating organ. It is this 
author’s hope that during his lifetime, new insights into the placenta on molecular, 
genetic, physiologic, anatomic, and clinical levels will lead to fetal interventions 
which thereby decrease the iatrogenic preterm birth rate, and will permit affected 
pregnancies to progress closer to term in their natural environment. 

Appendices and nomenclature 

ADAM amniotic deformity adhesion mutilation sequence 
AROM artificial rupture of membranes 
CAM cellular adhesion molecule 
CHTN chronic hypertension 
DIC disseminated intravascular coagulation 
EFW estimated fetal weight 
EGA estimated gestational age 
FFN fetal fibronectin 
HIF hypoxia inducible factor 
IUFD intrauterine fetal demise 
IUGR intrauterine growth retardation 
IVF in vitro fertilization 
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MMP matrix metalloproteinase 
MTX methotrexate 
NPV negative predictive value 
NRFHT non-reassuring fetal heart tracing 
PAS placenta accreta sequence 
PlGF placental growth factor 
PPROM preterm premature rupture of membranes 
PPV positive predictive value 
PTL preterm labor 
RCT randomized controlled trial 
sFlt1 soluble FMS-like tyrosine kinase 1 
SGA small for gestational age 
SUA single umbilical artery 
iSUA isolated single uterine artery 
SNP single nucleotide polymorphism 
SROM spontaneous rupture of membranes 
TAH total abdominal hysterectomy 
TGF-B1 transforming growth factor-B1 
VEGF vascular endothelial growth factor 
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Chapter 2

Miscarriage and Maternal Health
John D. Ojule and Rosemary N. Ogu

Abstract

Miscarriage also known as spontaneous abortion is the termination of pregnancy
before the age of fetal viability or expulsion of fetus or embryo weighing less than
500g. It occurs naturally without any human intervention and complicates about
15–20% pregnancies globally. The age of fetal viability varies from country to coun-
try depending on the level of technological development and fetal salvage rate. The
age of fetal viability in Norway is 16 weeks, in Australia its 20 weeks, 24 weeks in the
UK, 26 weeks in Spain and Italy while in Nigeria the age of fetal viability is 28 weeks
of gestation. Causes of miscarriage include morphologic/genetic/chromosomal
abnormalities, immunological and endocrine factors, structural uterine anomalies,
cervical incompetence, maternal infections and toxins. It is classified into threatened
miscarriage, inevitable miscarriage, incomplete miscarriage, septic miscarriage,
missed miscarriage and complete miscarriage. Miscarriage has profound and tre-
mendous psychologic and emotional effects on mothers before or during subsequent
gestations. Every effort must be made to show understanding and empathy.

Keywords: pregnancy loss, maternal health, miscarriage, women’s health,
introduction

1. Introduction

Miscarriage also known as spontaneous abortion is the termination of pregnancy
before the age of fetal viability or expulsion of fetus or embryo weighing less than
500g. It occurs naturally without any human intervention and complicates about
15–20% pregnancies globally. The age of fetal viability varies from country to coun-
try depending on the level of technological development and fetal salvage rate. The
age of fetal viability in Norway is 16 weeks, in Australia its 20 weeks, 24 weeks in the
UK, 26 weeks in Spain and Italy while in Nigeria the age of fetal viability is 28 weeks
of gestation. Causes of miscarriage include morphologic/genetic/chromosomal
abnormalities, immunological and endocrine factors, structural uterine anomalies,
cervical incompetence, maternal infections and toxins. Miscarriage can be classified
into threatened miscarriage, inevitable miscarriage, incomplete miscarriage, septic
miscarriage, missed miscarriage, complete miscarriage and recurrent miscarriage. It
profoundly affects the women. This chapter methodology derives from a synthesis
of the available literature under the MESH search term miscarriage and focus group
discussion of women attending a tertiary health facility in Southern Nigeria.

2. Miscarriage and maternal morbidity

Miscarriage can profoundly affect the health and wellbeing of the mother,
either from the complications of the process itself or from the complications
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arising from the treatment and management of the condition or both depending 
on the stage of the pregnancy, the abortion type, the management instituted, the 
facility, the skill/expertise and quality of the care giver and the mother’s pre-
pregnancy/pre-miscarriage health condition. 

The complications can arise early, during or just after the process or manifest 
much later following the abortion process, also depending on several factors. 

2.1 Early morbidities 

2.1.1 Hemorrhage 

Genital bleeding during or following miscarriage may be slight especially in 
early 1st trimester, but can also be severe and torrential with disastrous conse-
quences in the second trimester when there is increased risk of placenta retention. 
This may occur more commonly in the developing countries like Nigeria where 
mothers may not present to health facilities for optimal management due to igno-
rance, illiteracy, poverty, non-availability or poor accessibility to health care facili-
ties especially women in remote areas. Even when they do, they may present late to 
the health facility, at that further complications including severe anemia, sepsis, 
shock etc. may have set in, worsening maternal health and making management 
difficult in resource poor setting. 

Management entails controlling the bleeding with use of oxytocics and deliv-
ery of the placenta by skilled and experienced care provider either by careful 
controlled cord traction or piece meal removal with sponge holding forceps and 
antibiotic therapy. 

2.1.2 Anemia 

Anemia may occur more commonly from hemorrhage or occasionally from 
sepsis due to hemolysis or both. Management of anemia in developing countries, 
especially when severe, may be particularly difficult because of the problems enu-
merated earlier. Even when mothers access health facility, there may not be blood 
banking services or when available may not be functioning optimally because of 
endemic problems of electricity and corruption with its negative multiplier effects 
in sub-Saharan Africa. 

2.1.3 Septic incomplete abortion 

Incomplete miscarriage occurs when some of the products of conception have 
been expelled while some are still retained in the uterus. This may cause bleeding 
which may range from mild to severe, causing blood loss anemia that may require 
blood transfusion. When bleeding is severe and not properly managed in time, 
post abortal pituitary necrosis resulting in Sheehan’s syndrome may occur, which 
later causes infertility which causes infertility later. 

When some of the products of conception have been expelled and some 
retained, as may happen at gestational age 10 and above, this becomes substrate 
for microbial colonization and eventual infection. This infection may become 
severe causing systemic effects like fever, vomiting and prostration. Long term 
complications will include Asherman’s syndrome, chronic pelvic inflammatory 
disease, frozen pelvis and infertility as discussed in late maternal morbidities. 
Septicemia may occur and if not properly managed may result in multiple organ 
injury with sequelae. 
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2.1.4 Post-abortal sepsis 

Post abortal sepsis usually results from complete miscarriage managed with 
inadequate or without prophylactic antibiotics. It may also occur if incomplete mis-
carriage is evacuated in an unhygienic environment or by unskilled care provider. 

Mothers may present days, weeks or even months following miscarriage with 
varying degrees of abdominal pain, vaginal discharge or subfertility. These can be 
distressing and negatively affected maternal health. This can lead to loss of man 
hours in work place, school resulting in economic loss. Marital disharmony may also 
arise from infertility especially in sub-Saharan Africa where high premium is placed 
on child bearing. There is also a huge burden on health care delivery occasioned by 
these health challenges. 

2.1.5 Shock 

Shock could be hypovolemic or cardiogenic from massive hemorrhage or even 
septic from Gram negative sepsis with its very high mortality rate. 

2.1.6 Organ injury 

Though more common with induced abortion, uterine perforation can also occur 
following curettage or manual vacuum aspiration in the management of incomplete 
miscarriage. In acute state this can cause acute abdomen and may require hospital-
ization and even laparotomy. This affects maternal health in the short run and even 
in the long run depending on the nature and severity of the injury. 

Bladder and injury to the intestinal injuries have also been reported. A couple 
times in the Accident and Emergency department of the University of Port Harcourt 
Teaching Hospital, Port Harcourt, Nigeria, patients have presented with large 
intestine protruding from the introitus through the uterus following manual vacuum 
aspiration for incomplete miscarriage done by unskilled health care provider. 

More often, these will require laparotomy, repair of uterine perforation, bowel 
resection and anastomosis. 

Bladder injury may even be more devastating when genito-urinary fistula mani-
fest with continuous leakage of urine, with its accompanying morbidities- vulva 
excoriations/ itching, disgusting and nauseating offensive ammoniacal smell, social 
stigma, subfertility and sometimes marital disharmony and divorce. The emotional 
and psychological trauma is unparalleled. 

2.2 Late morbidities 

Some morbidities may not manifest immediately or early but become apparent 
months or even years following miscarriage or treatment of miscarriage. 

2.2.1 PID/frozen pelvis 

Pelvic inflammatory disease may complicate poorly treated incomplete miscar-
riage. This may subsequently lead to chronic PID especially in resource poor settings 
where people resort to self-management of the condition using sometimes unortho-
dox methods. They may present with chronic pelvic pain, dysmenorrhea or even 
amenorrhea depending on the severity, dyspareunia, chronic vaginal discharge and 
or low back pain. In some instances they may develop tubo-ovarian mass or abscess 
resulting in frozen pelvis. All these no doubt will negatively impact maternal health. 
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2.2.2 Asherman’s syndrome/infertility 

Oligomenorrhea, amenorrhea and subfertility constitute Asherman’s syndrome. 
This results from scarring occasioned by healing from endometritis or healing from 
overzealous curettage in management of incomplete miscarriage. 

2.3 Psychological/emotional morbidities 

Prior miscarriage or even just perception of miscarriage can have profound and 
tremendous psychologic and emotional effects on mothers before or during subse-
quent gestations. 

Studies have shown that compared to women without prior miscarriage, women 
with previous history of miscarriage had greater state anxiety in the second and 
third trimesters. Having a living child did not buffer state anxiety in women with 
a prior miscarriage. Attention to patterns of distress can contribute to delivery of 
appropriate support resources to women experiencing pregnancy after miscarriage 
and may help reduce risk for stress-related outcomes. 

Just like other stressful experiences, the effects of miscarriage vary consider-
ably across individuals [1], but for many women, miscarriage can be a tragic, and 
life-altering experience [2] and results in significant suffering [3, 4]. In the last 
20 years, research on the emotional and psychological impact of miscarriage has 
grown, including studies of women who have experienced miscarriage exclusively 
and mixed-sample studies of various types of perinatal loss including miscarriage, 
stillbirth, and neonatal death, establishing an empirical foundation for understand-
ing the livid experiences of miscarriage. Women who experience miscarriage worry 
about future pregnancies [4] and may perceive a subsequent pregnancy as especially 
precious and very desirable [5]. Pregnancy after miscarriage can be experienced as 
emotionally and psychologically distressing [4, 6]. According to descriptive studies 
of pregnancy following miscarriage, for some women the subsequent pregnancy 
is perceived as threatening [7] and involves tremendous vulnerability and anxiety 
related to uncertainty about its outcome [8]. 

Researchers who included comparison groups of mothers without a prior history of 
miscarriage have found that women with a history of miscarriage, experience signifi-
cantly higher state anxiety, pregnancy-specific anxiety, worry, depression, and less 
attachment to the subsequent pregnancy than women without prior miscarriage [9, 10]. 

The most prevalent finding is that pregnancy-specific anxiety is higher in those 
with prior loss [10, 11], but more generalized distress does not differ significantly 
between the groups [10, 12] of perinatal loss. It has been demonstrated that preg-
nancy anxiety decreased significantly over the course of pregnancy [7]. focus group 
discussion with parturients attending antenatal care in Port Harcourt, Nigeria, 
revealed similar findings. The psychosomatic stress experienced by women who 
have had a prior miscarriage is better imagined then experienced. The feeling of 
being responsible for the loss coupled with the premium placed on childbirth leads 
to profound anxiety, sadness and depression. Understanding and empathy from 
healthcare providers and family members aided the recovery process. 

3. Conclusion 

Miscarriage or even just perception of miscarriage can have profound and 
tremendous psychologic and emotional effects on mothers before or during subse-
quent gestations. The associated early and long term complications are devastating 
for women. Every effort must be made to show understanding and empathy. 
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Chapter 3 

Assessment of Fetal Gestational 
Age in the First Trimester 
in Normal and Abnormal 
Pregnancies: Which Sonographic 
Parameter to Use? 
Hong Soo Wong 

Abstract 

To compare the correlation of various fetal ultrasound parameters to foot length, 
crown-rump length, and gestational age by date to determine the best estimate 
at 10–14 completed weeks’ gestation and to provide ratios of fetal parameters for 
assessment of fetal abnormalities in the first trimester. 35 routine obstetric scans 
were performed at 10–14 completed weeks’ gestation for fetal parameters and ratios. 
The fetal crown-rump length (CRL), biparietal diameter (BPD), head circumference 
(HC), abdominal circumference (AC), and femur length (FL) showed a linear cor-
relation with the estimated gestational age by date (GA), crown-rump length (CRL), 
and foot length (FT) (p < 0.001), with the least correlation observed with GA and 
highest with FT. A combination of BPD, HC, AC, and FL correlated best with FT and 
then CRL and GA (R2 = 0.881, 0.795, and 0.685, respectively, p < 0.001). With the 
addition of CRL, R2 was 0.859. The ratio of FL/AC and FL/FT to FT, CRL, GA, BPD, 
and HC increases in an inverse relationship at 10–14 completed weeks’ gestation. The 
combination of BPD, HC, AC, and FL provides a better estimation of gestational age 
than (and hence may replace) CRL or GA at 10–14 weeks’ gestation. 

Keywords: ultrasonography, fetus, pregnancy, first trimester, prenatal diagnosis 

1. Introduction 

The fetal foot is one of the first structures identifiable early in the human 
embryos. At the end of the fourth week of embryonic development, the limb buds 
appear as outpouchings from the ventrolateral body wall. At 6 weeks, the terminal 
portion of the limb buds flattens to form the hand- and footplates and becomes 
separated from the proximal segment by a circular constriction. It is known that 
the development of the lower limbs is similar to the upper limbs and lags by only 
1–2 days. By 8 weeks (or 56 days), the digital separation is already complete. The 
fingers and the toes are distinct and separated in the hands and feet [1, 2]. In 
another word, the fetal hands and feet would be recognizable as distinct formed 
structures by 8 weeks of embryological development or 10 weeks by the last men-
strual period (LMP) according to a 28 day cycle. 
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About a century ago, Streeter reported a linear correlation between gestational 
age and foot length in 704 human fetal specimens from around 50 days post-
conception until birth [3]. This linear correlation has been confirmed by studies on 
live fetuses in utero on transabdominal [4–6] or transvaginal scans [7] or on dead 
fetuses at abortion [8–10] or stillbirth [11, 12], and nomograms have been devel-
oped for assessment of fetal gestational age with foot length (FT) from the first 
trimester to later gestation. Hence, fetal foot length could by itself stand as a proxy 
for gestational age even in early pregnancy. 

Conventionally, crown-rump length (CRL) is used as the reference parameter 
for assessment of fetal gestational age in the first trimester ultrasound scan [13, 14]. 
It has been suggested that the ultrasound measurement of the crown-rump length 
in the embryo or fetus is the most accurate method to establish or confirm ges-
tational age in the first trimester up to 13 + 6 weeks [14]. The use of routine first 
trimester ultrasound scan has been shown to be associated with a reduction in 
induction of labor for post-term pregnancy [15]. However, there is little informa-
tion on the comparison of other fetal parameters including biparietal diameter 
(BPD), head circumference (HC), abdominal circumference (AC), femur length 
(FL), and foot length to CRL in the assessment of gestational age in early gestation 
[16]. This information may be important for the assessment of fetal gestational age 
in the first trimester and subsequent management of pregnancy. 

In order to ascertain the performance of various parameters in assessment 
of gestational age in the first trimester, in this chapter, the correlation between 
FT, CRL, and gestational age assessed by date (GA) will be compared from 10 to 
14 weeks gestation. The correlation of the other fetal parameters (BPD, HC, AC, 
and FL) will also be compared to GA, CRL, and FT. Moreover, the ratio of some of 
these parameters will also be calculated and presented, as the availability of such 
ratios may be helpful when fetal abnormality is suspected on ultrasound examina-
tion in early pregnancy [17–19]. 

2. Method and material 

Transabdominal ultrasound examination was performed as a part of routine 
antenatal assessment for women attending an obstetric clinic at a gestation of 
10–14 + 6 weeks from March 7, 2014, to September 7, 2016 (Accuvix V20 Prestige, 
Medison with 4–8 MHz volumetric transducer or EPIQ 7, Philips with X6–1 
matrix transducer). The following fetal measurements were taken prospectively: 
crown-rump length (CRL), biparietal diameter (BPD), head circumference (HC), 
abdominal circumference (AC), femur length (FL), and foot length (FT). Only 
pregnancies with normal outcomes were included in the analysis and excluded if 
the entire foot could not be clearly seen during the ultrasound examination. The 
fetal foot length was measured from the most posterior point of the foot in its 
long axis to the tip of the first or the second toe whichever was longer (Figure 1). 
The estimated gestational age in weeks (GA) was calculated either from the last 
normal menstrual period (LMP) or from the first trimester dating scan if there 
was a discrepancy of more than a week [14]. This was a retrospective analysis 
involving minimal risk, conforming to the standards established by the NHMRC 
not requiring ethical review; ethics approval was therefore not sought within the 
institution [20]. 

Results for 35 ultrasound scans were analyzed with SPSS statistical package 
version 20 (SPSS Inc., Chicago, IL, USA). A two-sided probability (p) value of 
<0.05 was considered statistically significant. The regression models for the fetal 
measurements were obtained and would be presented in the relevant sections. 
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Figure 1. 
Fetal foot on first trimester ultrasound scan. 

3. Results 

3.1 Demographic characteristics 

The mean age, gravidity, and parity were 32.0 years, 2.3, and 0.7, respectively 
(Table 1). A total of 32 out of the 35 women were Asians (91.4%) and 3 were 
Caucasians (8.6%). 

3.2 Comparison of the correlation between FT, CRL, and GA 

The correlation of foot length, crown-rump length, and the gestational age 
assessed by date are shown in Figures 2–4 and tabulated in Table 2. FT, CRL, and 
GA all showed positive correlation with one another in a linear fashion (p < 0.001) 

Mean ± S.D. Range 

Age (years) 32.0 ± 4.6 21–44 

Gravidity 2.3 ± 1.5 1–8 

Parity 0.7 ± 0.7 0–3 

SD, standard deviation. 

Table 1. 
The demographic date of the pregnant women included in the study. 
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Figure 2. 
The graph of fetal foot length against gestational age assessed by date. FT = GA × 2.472−19.44. R2 = 0.675, 
p < 0.001. FT, foot length (mm); GA, gestational age assessed by date (weeks); R2, coefficient of determination 
of regression; p, probability. 

Figure 3. 
The graph of fetal crown-rump length against gestational age assessed by date. CRL = GA × 10.464−64.682. 
R2 = 0.608, p < 0.001. CRL, crown-rump length (mm); GA, gestational age assessed by date (weeks); 
R2, coefficient of determination of regression; p, probability. 

(Figures 2–4). The coefficient of determination of regression (R2) was the highest 
between FT and CRL (0.804), lower between FL and GA (0.675), and the lowest 
between CRL and GA (0.608) (Table 2). 

3.3 Comparison of the correlation of BPD, HC, AC, and FL to FT, CRL, and GA 

The correlation of BPD, HC, AC, and FL with FT, CRL, and GA is shown in 
Figures 5–7, 8–10, 11–13, and 14–16, respectively, and summarized in Table 3. 
Correlation in a linear fashion is seen for all (p < 0.001). Overall, the correlation 
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Figure 4. 
The graph of fetal foot length against crown-rump length. FT = CRL × 0.187−1.074. R2 = 0.804, p < 0.001. 
FT, foot length (mm); CRL, crown-rump length (mm); R2, coefficient of determination of regression; p, 
probability. 

Parameters FT CRL GA 

† † † R2 p R2 p R2 p 

FT – – 0.804 <0.001* 0.675 <0.001* 

CRL 0.804 <0.001* – – 0.608 <0.001* 

GA 0.675 <0.001* 0.608 <0.001* – – 

FT, foot length (mm); CRL, crown rump length (mm); GA, gestational age assessed by date (weeks); R2, coefficient of 
determination of linear regression; p, probability; †, ANOVA; *, statistically significant. 

Table 2. 
The correlation between fetal foot length, crown-rump length, and gestational age assessed by date. 

Figure 5. 
The correlation of fetal biparietal diameter with foot length. BPD = FT × 1.131 + 8.748. R2 = 0.884, p < 0.001. 
BPD, biparietal diameter (mm); FT, foot length (mm); R2, coefficient of determination of regression; p, 
probability. 
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Figure 6. 
The correlation of fetal biparietal diameter with crown-rump length. BPD = CRL × 0.239 + 5.78. R2 = 0.793, 
p < 0.001. BPD, biparietal diameter (mm); CRL, crown-rump length (mm); R2, coefficient of determination 
of regression; p, probability. 

Figure 7. 
The correlation of fetal biparietal diameter with gestational age assessed by date. BPD = GA × 3.01−15.967. 
R2 = 0.693, p < 0.001. BPD, biparietal diameter (mm); GA, gestational age assessed by date (weeks); 
R2, coefficient of determination of regression; p, probability. 

of BPD, HC, AC, and FL with FT was the highest, lower with CRL, and the lowest 
with GA (Table 3). 

3.4 Comparison of combination of fetal parameters 

The correlation of combinations of fetal parameters to FT, CRL, and GA is shown 
in Table 4. The highest correlation was seen between the combination of [BPD, 
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HC, AC, and FL] and FT (R2 = 0.881, p < 0.001), followed by correlation to CRL 
(R2 = 0.795, p < 0.001), and the least with GA (R2 = 0.685, p < 0.001). The addition of 
CRL to the combination yielded a lower R2 value of 0.859. However, the correlation of 
the combination, with or without FT, to CRL yielded the same R2 of 0.795 (p < 0.001). 

Figure 8. 
The correlation of fetal head circumference with foot length. HC = FT × 3.932 + 36.257. R2 = 0.897, p < 0.001. 
HC, head circumference (mm); FT, foot length (mm); R2, coefficient of determination of regression; 
p, probability. 

Figure 9. 
The correlation of fetal head circumference with crown-rump length. HC = CRL × 0.869 + 23.646. R2 = 0.834, 
p < 0.001. BPD, biparietal diameter (mm); CRL, crown-rump length (mm); R2, coefficient of determination 
of regression; p, probability. 
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Figure 10. 
The correlation of fetal head circumference with gestational age assessed by date. HC = GA × 10.488−49.951. 
R2 = 0.706, p < 0.001. HC, head circumference (mm); GA, gestational age assessed by date (weeks); 
R2, coefficient of determination of regression; p, probability. 

Figure 11. 
The correlation of fetal abdominal circumference with foot length. AC = FT × 3.639 + 24.905. R2 = 0.903, 
p < 0.001. HC, head circumference (mm); FT, foot length (mm); R2, coefficient of determination of regression; 
p, probability. 

The combination, in comparison to FT or CRL alone, gave a higher correlation 
to GA (compare to Table 2). However, the correlation of the combination of [BPD, 
HC, AC, and FL] or FT alone to CRL yielded a similar R2 (0.795 vs. 0.804, compare 
Table 4 to Table 2). 
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Figure 12. 
The correlation of fetal abdominal circumference with crown-rump length. AC = CRL × 0.717 + 18.686. 
R2 = 0.811, p < 0.001. AC, abdominal circumference (mm); CRL, crown-rump length (mm); R2, coefficient of 
determination of regression; p, probability. 

Figure 13. 
The correlation of fetal abdominal circumference with gestational age assessed by date. 
AC = GA × 10.16−60.453. R2 = 0.772, p < 0.001. AC, abdominal circumference (mm); GA, gestational age 
assessed by date (weeks); R2, coefficient of determination of regression; p, probability. 

3.5 Ratios of fetal parameters 

The ratios of fetal parameters FL/FT and FL/AC to FT, CRL, GA, BPD, and HC 
are shown in Figures 17–21 and 22–26, respectively. The correlation followed an 
inverse relationship, and the R2 was higher with HC or BPD or CRL or FT than GA 
in general (Table 5). 
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Figure 14. 
The correlation of fetal femur length with foot length. FL = FT × 0.922−2.707. R2 = 0.878, p < 0.001. FL, femur 
length (mm); FT, foot length (mm); R2, coefficient of determination of regression; p, probability. 

Figure 15. 
The correlation of fetal femur length with crown-rump length. FL = CRL × 0.209−6.159. R2 = 0.843, p < 0.001. 
FL, femur length (mm); CRL, crown-rump length (mm); R2, coefficient of determination of regression; 
p, probability. 

3.6 Intra- and inter-observer correlation 

The Pearson coefficient for intra-observer correlation was 0.992 (p < 0.001) and 
for inter-observer correlation was 0.990 (p < 0.001) in the measurement of fetal 
foot length. 
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Figure 16. 
The correlation of fetal femur length with gestational age assessed by date. FL = GA × 2.56−24.255. 
R2 = 0.698, p < 0.001. FL, femur length (mm); GA, gestational age assessed by date (weeks); R2, coefficient of 
determination of regression; p, probability. 

FT CRL GA 

† † † R2 p R2 p R2 p 

BPD 0.884 <0.001* 0.793 <0.001* 0.693 <0.001* 

HC 0.897 <0.001* 0.834 <0.001* 0.706 <0.001* 

AC 0.903 <0.001* 0.811 <0.001* 0.772 <0.001* 

FL 0.878 <0.001* 0.843 <0.001* 0.698 <0.001* 

FT – – 0.804 <0.001* 0.675 <0.001* 

CRL 0.804 <0.001* – – 0.608 <0.001* 

FT, foot length (mm); CRL, crown rump length (mm); GA, gestational age assessed by date (weeks); BPD, biparietal 
diameter (mm), HC, head circumference (mm); AC, abdominal circumference; FL, femur length (mm); R2 , 
coefficient of determination of regression; p, probability; †, ANOVA; *, statistically significant. 

Table 3. 
The correlation of fetal biparietal diameter, head circumference, abdominal circumference, and femur length to 
foot length, crown-rump length, and gestational age assessed by date. 

FT CRL GA 

† † † R2 p R2 p R2 p 

BPD, HC, AC, FL, FT, CRL – – – – 0.560 <0.001* 

BPD, HC, AC, FL, CRL 0.859 <0.001* – – 0.601 <0.001* 

BPD, HC, AC, FL, FT – – 0.795 <0.001* 0.685 <0.001* 

BPD, HC, AC, FL 0.881 <0.001* 0.795 <0.001* 0.685 <0.001* 

BPD, biparietal diameter (mm); HC, head circumference (mm); AC, abdominal circumference (mm); FL, femur 
length (mm): FT, fetal foot length (mm); CRL, crown rump length (mm); R2, coefficient of correlation of regression; 
p, probability; †, ANOVA; *, statistically significant. 

Table 4. 
The correlation of multiple fetal parameters to foot length, crown-rump length, and gestational age. 
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Figure 17. 
The correlation of fetal femur length/foot length ratio to foot length. R2 = 0.283, p = 0.001. R2, coefficient of 
determination of regression; p, probability. 

Figure 18. 
The correlation of fetal femur length/foot length ratio to crown-rump length. R2 = 0.458, p < 0.001. 
R2, coefficient of determination of regression; p, probability. 

Figure 19. 
The correlation of fetal femur length/foot length ratio to gestational age assessed by date. R2 = 0.309, p = 0.001. 
R2, coefficient of determination of regression; p, probability. 
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Figure 20. 
The correlation of fetal femur length/foot length ratio to biparietal diameter. R2 = 0.522, p < 0.001. 
R2, coefficient of determination of regression; p, probability. 

Figure 21. 
The correlation of fetal femur length/foot length ratio to head circumference. R2 = 0.477, p < 0.001. 
R2, coefficient of determination of regression; p, probability. 

Figure 22. 
The correlation of fetal femur length/abdominal circumference ratio to foot length. R2 = 0.684, p < 0.001. 
R2, coefficient of determination of regression; p, probability. 
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Figure 23. 
The correlation of fetal femur length/abdominal circumference ratio to crown-rump length. R2 = 0.686, 
p < 0.001. R2, coefficient of determination of regression; p, probability. 

Figure 24. 
The correlation of fetal femur length/abdominal circumference ratio to gestational age assessed by date. 
R2 = 0.495, p < 0.001. R2, coefficient of determination of regression; p, probability. 

Figure 25. 
The correlation of fetal femur length/abdominal circumference ratio to biparietal diameter. R2 = 0.765, 
p < 0.001. R2, coefficient of determination of regression; p, probability. 

48 



 
 

 
 

 
  

 
 

 
   

 
 

  
 

 

 

Assessment of Fetal Gestational Age in the First Trimester in Normal and Abnormal Pregnancies… 
DOI: http://dx.doi.org/10.5772/intechopen.82746 

Figure 26. 
The correlation of fetal femur length/abdominal circumference ratio to head circumference. R2 = 0.773, 
p < 0.001. R2, coefficient of determination of regression; p, probability. 

FL/AC FL/FT 

R2 p† R2 p† 

FT 0.684 <0.001* 0.283 0.001* 

CRL 0.686 <0.001* 0.458 <0.001* 

GA 0.495 <0.001* 0.309 0.001* 

BPD 0.765 <0.001* 0.522 <0.001* 

HC 0.773 <0.001* 0.477 <0.001* 

FL, femur length (mm); AC, abdominal circumference (mm); FT, foot length (mm); CRL, crown rump length (mm); 
GA, gestational age assessed by date (weeks); BPD, biparietal diameter (mm); HC, head circumference (mm); R2 , 
coefficient of determination of regression; p, probability; †, ANOVA; *, statistically significant. 

Table 5. 
The correlation of foot length/abdominal circumference ratio to foot length, crown-rump length, and 
gestational age assessed by date, biparietal diameter, and abdominal circumference in a reverse relationship. 

4. Discussion 

An accurate estimation of fetal gestational age in early pregnancy is important 
for the assessment of the due date [14, 15] and fetal growth [21], the assignment 
of risk scores for the pregnancy [22], the prediction of fetal abnormality [23], and 
in the management of twin pregnancies [24]. CRL has been recommended as the 
standard parameter for assessment of fetal gestational age in the first trimester [14]. 
It was deduced that CRL gave a better estimation of fetal gestational age than the 
dates by the observation that it gave a better estimation of the date of delivery [14]. 
However, it is known that the measurement of CRL could be affected by the fetal 
posture. Variations in the estimation of fetal gestational age by a few days could be 
observed for the same gestation with different reference charts derived for CRL 
[4, 13, 25–28]. Since fetal foot length has been established as an accurate estimate for 
gestational age [3], it could be used as a proxy for the later. In this study, it could be 
seen that CRL correlates better with FT than GA. It can therefore be concluded that 
CRL is a better estimate of fetal gestational age than the date (Table 2), consistent 
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with the previous observations [15]. However, in comparison to FT in the correlation 
to the other fetal parameters such as BPD, HC, AC, and FL, CRL performs less well in 
this study. The addition of CRL to the combination also lowers the R2 (Table 4). 
Therefore, the use of the combination of BPD, HC, AC, and FL could well be applied 
from 10 to beyond 14 weeks for the estimation of fetal gestational age rather than 
using CRL below 14 weeks and the combination of BPD, HC, AC, and FL thereaf-
ter as in the current obstetrical practice [14]. Similarly when we use ratio of fetal 
parameters in the assessment of suspected fetal abnormalities, it may be better to 
use the ratio against fetal parameters such as FT, BPD, HC, or even CRL than against 
the gestational age by date, as long as the particular reference fetal parameter being 
used is not significantly affected by the abnormality in question (Table 5) [23, 29]. 
Of note, these ratios may not follow a linear correlation but rather an inverse 
relationship and vary according to the gestational age in the first trimester as alluded 
in a previous publication (Figures 17–21, 22–26, Table 5) [19]. 

The major limitation of the study is the sample size. The population studied 
comprised mainly of Asians, and hence there could be a question on generaliz-
ability. However, it has already been shown that ethnicity of the population is not 
an issue in sonographic estimation of fetal gestational age using crown-rump length 
[26]. Moreover, it has also been shown that less than 3.5% of the total variability of 
fetal skeletal growth was due to differences between populations when the mothers 
were adequately nourished [30]. 

With the advancement of ultrasound technology, small structures could be 
measured with high accuracy. Rather than relying on CRL, a parameter that could 
be markedly affected by fetal posture, it is perhaps time to review our ultrasound 
practice at 10–14 weeks in the first trimester. 

5. Conclusion 

In the sonographic assessment of fetal gestational age in the first trimester, the 
use of a combination of fetal parameters such as BPD, HC, AC, and FL is more 
accurate than CRL or GA at 10–14 weeks gestation in normal pregnancies. The use 
of these parameters as references for comparison may also be helpful when fetal 
abnormality is suspected in early pregnancy. 
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Chapter 4

Undernutrition during Pregnancy
Hoang Anh Nguyen

Abstract

Experience in being pregnant is exciting but is very challenging. The term
“undernutrition,” as used in this chapter, focuses more on inadequate intake of
energy and nutrients to meet the desired outcome of a healthy mother and her baby.
Evidence shows that women with undernutrition before and during pregnancy have
increased risk of metabolic disorders (i.e., gestational diabetes mellitus) and are at
increased risk of complications during labor and birth. To date, nutritional therapies
promoting healthier pregnancies fall into the following two major categories: (1)
management of gestational weight gain and (2) the prevention or treatment of
nutrient deficiencies related to pregnancy. A literature search on PubMed, the
Cochrane library, Google scholar, and Cumulative Index of Nursing and Allied
Health Literature was conducted to identify the relevant nutritional therapies. As a
result, this chapter will analyze and discuss gestational weight gain and its effect on
the health of women and her baby. The chapter briefly proposes evidence-based
nutritional therapy for gestational diabetes as well as gestational common nutrient
imbalance, such as vitamin D, folic acid, and omega-3 docosahexaenoic acid defi-
ciency. The recommendations, in this chapter, would be a partial answer for these
problems in Asia.

Keywords: gestational diabetes mellitus, gestational weight gain, folate deficiency,
vitamin D deficiency, omega-3 docosahexaenoic acid, pregnancy outcomes

1. Introduction

The association between inadequate intake of energy and nutrients before and
during pregnancy and severe maternal outcomes has been well documented in the
observational studies. It is crucial for women to be fully aware of nutrition require-
ments without waiting until getting a positive pregnancy test result. The reason for
this is that there are major changes associated with metabolism and physiology to
support embryo development in the mother. The mother’s diet is the only source of
nutrition for her baby. Maternal undernutrition may affect the developing baby.
Weight gain is a part of healthy pregnancy, but the recommendation for an optimal
gestational weight gain is still controversial, especially in Asian countries. More-
over, some observational studies have shown that gestational diabetes and nutrient
deficiencies during pregnancy may need to be considered differently for an indi-
vidual’s prenatal body mass index (BMI). Thus, in this chapter, an attempt was
made to address these issues. Moreover, the role of personalized nutritional
counseling, as discussed in each issue, needs to be understood carefully.
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2. Gestational weight gain 

Getting pregnant leads to significant changes of weight in the body of women. It is 
normal for women to put on more weight in the last two trimesters than the 
first trimester as it supports the growth of fetus, the placental development, and 
amniotic fluid as time goes. However, putting on weight very quick per week (i.e., 
0.5–1 kg in a week) is strongly associated with a life-threatening condition, such as 
preeclampsia [1, 2], so it is worth to notice healthcare professionals about abnormal 
weight gain. A woman with prepregnancy overweight and obesity should take a plan 
of gestational weight gain GWG into account during prenatal visits. A cohort study of 
3539 women with a follow-up period of 17 years demonstrated that overweight 
women (BMI > 25) at the beginning of pregnancy had an increased risk of diabetes, 
cardiac disease, or endocrine diseases later in their life [1]. Moreover, excessive or 
inadequate weight-gain levels during pregnancy can affect small or large gestational 
age, an increased risk of cesarean delivery, and other adverse pregnancy outcomes, 
including gestational diabetes mellitus and preeclampsia [1–4]. 

The Worth Health Organization definition of body mass index (BMI) is “a 
person’s weight in kilograms divided by the square of the person’s height in meters 
(kg/m2).” For instance, a pregnant woman who weighs 50 kg and her height is 1.6 m 
will have a BMI of 19.5. BMI has been well recognized as an effective measurement 
to identify overweight and subsequent health risks in an individual. The increasing 
level of BMI from overweight to extreme obese is thought to accompany the 
increasing risk of health problems (Canadian Health Guideline 2004). The Ameri-
can Institute of Medicine (IOM) recommended the ideal amount of weight gained 
during pregnancy based on WHO-BMI ranges from underweight to obesity, but not 
all obesity classes were addressed (Table 1). The origin of the IOM recommenda-
tions about gestational weight gain (GWG) came primarily from the American 
population-based studies despite its popular applicability to European and Asian 
countries. In the Asian population-based studies reviewed, the recommendations of 
the IOM concerning gestational weight gain (GWG) have limited applicability for 
Asian women to get their desired GWG. The accumulated evidence on 
noncommunicable diseases demonstrated that Asian adults get more body fat and 
have greater risks of diabetes and cardiovascular diseases at their lower BMI in 
comparison with non-Asian population. Thus, Asian regional BMI cutoff points [6] 
developed by the panel of WHO consultation minimize these risks (Table 2). A 
large meta-analysis study with more than 300,000 Asian women confirmed that the 
IOM recommendations about GWG can be applicable in Asian countries when 
using regional BMI cutoff points for overweight or obese [7]. The evidence was not 
attempted to define a GWS guideline for all Asian women as the data of this study 
were based primarily on East Asian countries, such as China, Taiwan, Korea, and 
Japan. Moreover, Korean and Taiwanese women tend to gain more weight during 
pregnancy than other Asian women [8]. This requires more comparative studies in 
Asia. However, its strength confirmed that the guideline for GWG may need to be 
considered differently for Asian women. To date, a global consensus regarding a 
desired GWG is still understudied. 

Recommendations Underweight Normal weight Overweight Obese 

Prenatal BMI (kg/m2) <18.5 18.5–24.9 25.0–29.9 ≥30 

Total weight gain range (kg) 12.5–18 11.5–16 7–11.5 5–9 

Table 1. 
Recommended weight gain during pregnancy based on the 2009 Institute of Medicine (IOM) guideline [5]. 
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Asian BMI cutoff points (kg/m2) Total weight gain range (kg)* 

Underweight <18.5 12.5–18 

Normal weight 18.5–22.9 11.5–16 

Overweight 23–27.5 7–11.5 

Obese 27.6–29.9 7–11.5 
≥30 5–9 

*These recommendations suggested by the author should only be used as a reference for public health strategists, 
nutritional practitioners, or healthcare professionals in Asia. These recommendations were based on ideas in a large 
meta-analysis study [7]; thus, they are not considered as a completed guideline. 

Table 2. 
The proposed gestational weight gain recommendation based on Asian regional BMI cutoff points [6]. 

An excessive amount of weight gained during pregnancy could be predictive of 
weight retention at 6 months postpartum [2] and of an increased risk of weight 
management challenges later in life [3, 4]. A meta-analytic study of over 65,000 
women by Nehring et al. demonstrated that women with GWG above the IOM 
recommendations were likely to have an additional gain of 3 kg at 3 years and of 
4.7 kg at 15 years after pregnancy, compared to those with GWG within the rec-
ommendations [3]. 

2.1 Brief nutrition recommendations for gestational weight gain 

Transitions to a new weight gain during a pregnancy may need to meet addi-
tional calories every day. According to the IOM expert panel’s recommendation on 
macronutrients for pregnant women with normal BMI, an estimation of additional 
0, 340, and 452 kcal for the first, second, and third trimester, respectively [9, 10] 
was recommended. Moreover, additional calories should also be personalized to an 
individual’s prenatal BMI [10]. 

• If prenatal BMI is less than 18.5 kg/m2, the mother needs to begin an additional 
150 kcal per day for her first 3 months, and continuously add 50 and 150 kcal 
for her second and third trimester, respectively. They can benefit from protein 
supplements [10]. 

• If women are overweight or obese, they do not need to add calories in their first 
trimester. In two last trimesters, they need to add between 450 and 500 kcal 
per day to meet their gestational weight gain. Prenatal overweight or obesity is 
strongly associated with an increased risk of pregnancy complications as well 
as postpartum weight retention. They may need supports to lose weight 
effectively during prenatal visits. Evidence has shown that overweight or obese 
women who reduced at least 3 BMI units before conception can lower the 
chance of developing gestational diabetes by two-fold [10, 11]. 

• For multiple pregnancy, woman with normal BMI should consume about 
40–45 kcal/kg/day while an estimated 30–35 and 42–50 kcal/kg/day have 
been advised for overweight and underweight BMI, respectively [12–14]. 

Adding small meals or one or two extra snacks during the day may facilitate 
these targets. There is no need to stick on high-energy density diets, but, a balanced 
diet with nutrient-dense foods has the benefit of providing a range of vitamins and 
minerals. 
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3. Management of gestational diabetes mellitus during pregnancy 

Gestational diabetes mellitus (GDM) is one of the common pregnancy compli-
cations related to diet. Pregnancy is related with a biological reduction of insulin 
sensitivity by about 60% [15], which supports fetus development by an increase of 
glucose into the placenta. Some women were present with elevated blood glucose 
levels during their pregnancy although no diabetes was diagnosed before their 
pregnancy. The excessive blood glucose level can cause hyperglycemia which will 
develop gestational diabetes mellitus. Fortunately, the well-managed blood glucose 
levels typically turn normal after delivery. GDM globally happens in about 3–28% of 
pregnant women. The prevalence of GDM in European countries is about 5.4%, 
while 10.1% GDM occurs in Eastern and Southeastern Asian countries, except in 
Indonesia, the Philippines, Myanmar, Cambodia, and Laos [16]. Among the latter, 
Vietnam and Singapore have the greatest prevalence of GDM (about 20%). The 
prevalence of diabetes during a pregnancy has been increasing markedly in Africa 
and Asia [16]. It is closely associated with the increase of obesity and sedentary 
lifestyle. It is the most common medical complication during a pregnancy. Women 
with a healthy weight can be affected. This is likely due to participation of 
pregnancy-related hormones, such as human placental lactogen (HPL). A 30-fold 
increase of HPL by the 20th week of gestation causes improperly elevated blood 
sugar levels, which contributes to the developing GDM between the second and the 
third trimester [17, 18]. However, women who enter into pregnancy overweight or 
obese are at a markedly increased risk of developing GDM. The increased release of 
pro-inflammatory cytokines and adiponectin was associated with an accumulation 
of adipose tissues, particularly with central obesity [19–21]. These releases contrib-
ute to a severe GDM, including increased glucose blood levels [22], endoplasmic 
reticulum stress [23], and increased insulin resistance [21, 24]. Women, diagnosed 
with a lower adiponectin concentration at their early trimester, are likely to develop 
an increased insulin resistance and GDM later in their semesters [25]. 

Several adverse outcomes are associated with diabetes during a pregnancy: 
mothers with the untreated GDM have a higher risk of hypertension, preeclampsia, 
cesarean delivery, and labor complications; their babies are at increased risk of 
macrosomia, large for gestational age, fetal organomegaly, shoulder dystocia, 
hypoglycemia, and perinatal morbidity and mortality due to the excessive glucose 
flux into the placenta [26, 27]. 

3.1 Nutritional therapy for gestational diabetes mellitus 

The role of nutrition in the management of gestational diabetes mellitus is now 
drawing considerable attention in public because of the natural process without side 
effects for women and their unborn baby. Diet-based interventions in the preg-
nancy aim to control maternal hyperglycemia as well as to lower risks of 
macrosomia. The concept of these interventions is a three-step nutritional therapy 
(NT), including a personalized dietary counseling, appropriate energy restriction, 
and promotion of a balanced diet. 

Some observational studies reviewed that it is beneficial for women to take 
three-step NT into consideration in prenatal or early pregnancy visits if they have 
one or more of the following contributory factors for GDM [28–30]: 

1. Being overweight or obese (BMI cut offs ≥23 kg/m2 for Asian population; 
BMI ≥ 25 kg/m2 for non-Asian population) 
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2. Having GDM or abnormal glucose tolerance in previous pregnancy 

3. Having diagnosed polycystic ovary syndrome (PCOS) 

4.Having macrosomia in previous pregnancy (birth weight > 4 kg) 

5. Having a family member with diabetes 

6.Hypertension (140/90 mm Hg) [12] or recurrent hypertension 

7. Secondary lifestyle 

8.HDL <35 mg/dL, triglyceride >250 mg/dL 

9.High risk race: Asian, Indian subcontinent, Aboriginal and Torres Strait 
Islander, Pacific Islander, Maori, Middle Eastern, non-white African. 

3.2 A personalized counseling for GDM 

Women with diagnosed gestational diabetes need to be put on a proper diet. 
Thus, they should seek a tailored nutritional counseling by a registered nutritional 
therapist. Personalized dietary counseling was associated with a well-controlled 
maternal hyperglycemia and a proper weight gain due to the mothers’ better 
awareness about GDM and meal plans [31, 32]. The dietary counseling needs to be 
tailored for an individual; this consists of things like not only her diet and lifestyle 
but her expectation and barrier. For instance, the nutritional advice on a restricted 
diet of fast foods should also discuss about where a patient can get healthy foods and 
her related barriers. Moreover, understanding the effects of the dietary advice on 
not only an individual but also her family members has shown the significant 
improvement of clinical outcomes [33, 34]. This is likely due to family member’s 
additional support. 

Some meta-analysis and systematic review studies demonstrated that women 
with GDM had encountered the weight management, in particular overweight or 
obese people [32]. A majority of these cases are largely associated with their 
unhealthy lifestyle choices, including low physical activities, problematic portion 
control, and poor diet. In the context, the counseling needs to take these issues into 
consideration. Moreover, it is important to promote healthy food choices in the 
consultation. Importantly, the nutritional advice for GDM is tailored, relevant, and 
applicable to the patient. 

3.3 Energy restriction and appropriate weight gain for GDM 

Energy restriction aims to ensure that women and their babies get enough 
energy to develop and grow, but minimizes the reductant amount of weight gained. 
The influence of energy balance on dietary macronutrient intake and physical 
activity could be considered as a primary factor in the reduced fat composition. 
There is some established evidence that moderate caloric restriction can improve 
maternal hyperglycemia as well as reduce insulin requirement, but, there is no 
association between restricted caloric intake and birth weight. However, severe 
caloric restriction to either less than 1200 kcal per day or 50% of daily energy 
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requirement is related to the production of ketonuria and ketonemia, which is called 
ketosis [35, 36]. According to the recommendations of American Diabetes Associa-
tion about energy restriction, obese women with GDM can benefit from a 30–33% 
energy restriction or a limit of 25 kcal per kg per day, but there was no report 
related to GDM women with normal weight [35, 37, 38]. Some studies suggested a 
caloric restriction of 30–34 kcal/kg (actual weight of pregnant women) for those 
with normal BMI [36]. However, further interventional studies are needed to take 
this recommendation into action. 

3.4 Promotion of a balanced diet with high fiber and low carbohydrate 

The transport of glucose into the placenta depends on how accelerated the 
mother’s postprandial blood glucose concentrations are. The excessive amount of 
glucose crosses the placenta, which can affect birth weight. A postprandial high 
blood glucose levels in GDM women is typically higher. Insulin is a metabolic 
hormone released from beta-cells in the pancreas, which play an essential role in the 
blood glucose regulation. Dietary carbohydrate is absorbed into the intestine and 
converted into simple glucose, which leads to a significant increase of maternal 
blood glucose concentrations. After a meal, GDM women found normoglycemia 
very challenging. They sometimes need medications to turn their blood glucose 
normal. One of the major purposes in the GDM nutritional management is thus to 
achieve normoglycemia after meal. The postprandial blood glucose level depends on 
the amount of glucose absorbed in the intestine and released into the bloodstream. 
There is some established evidence that a diet rich in fibrous carbohydrate, such as 
vegetables and fruits, and low in starchy and high glycemic index carbohydrate, 
may be helpful to reduce postprandial blood glucose as well as to change body fat 
composition [39, 40]. The American Diabetes Association guideline focuses on how 
much energy from dietary carbohydrate a GDM woman consumes [41]. The guide-
line demonstrated that the consumption of dietary carbohydrate among women 
with GDM should be limited to 40–45% of total daily energy, with a smaller 
percentage at breakfast than at lunch or dinner. 

Glycemic index (GI) is a measurement related to the amount of carbohydrate in 
certain foods and its effect on a blood glucose increase after eating, a rank of values 
from 0 to 100. A high GI in foods (≥70) causes a sharp increase in blood glucose 
compared with a food with a medium (56–69) or low GI (≤55). Some established 
evidence recommended that the GDM women can consume low GI or complex 
carbohydrates, even greater than 45% of the total energy, without a quick response 
of increased blood glucose [42, 43]. Glycemic control can be achieved by increasing 
the consumption of foods with low GI, such as whole grains, green vegetables, and 
legumes, instead of high-GI foods like potatoes or sweet foods. Rice, a starchy food, 
is routinely eaten by 60% of world population, primarily in Asian countries. 
Approximately three-fourths of the total carbohydrate calorie requirement in 
Southeast Asia comes from rice [44]. Like potatoes or white breads in western 
countries, white rice can be a staple part of Asian meals. Unfortunately, the refined 
white rice may increase risk of hyperglycemia. It is a challenge for Asian women 
with GDM to avoid white rice due to its preferred taste or flavor, but following a 
low-GI diet guideline along with white rice will facilitate their glycemic control 
(Table 3). Several conventional studies demonstrated that the different types of 
rice have variations in GI value. For instance, among 12 types of rice commercially 
available in the United Kingdom, a nonblind, randomized trial indicated that rice 
noodles, long-grain rice, white basmati rice, and easy-cook long-grain rice were 
classified as low-GI foods, compared with others [45]. This is likely due to the 
difference in amylose composition and its effect on gelatinization [46, 47] rather 
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Groups Foods 

Starchy foods Limit a cup of white rice a day. Avoid white rice or glutinous rice in breakfast or 
late dinner. 
Swap white rice for the low-GI starchy foods, such as rice noodles, brown rice, 
udon noodles, whole spaghetti, and sweet corn. 
Should be chosen preferentially 

Raw Fruits Swap fruit juices or soft-drinks for low-GI raw fruits, such as apple, orange, 
grapefruit, green grape, and banana; 1–2 servings (80–160 g) a day. 
Accepted fruit juices: Apple and orange 

Vegetables and 
legumes 

Boiled/steamed/raw vegetables or vegetable soups from carrots, sweet potato, 
pumpkin, green banana and green leafy vegetables (i.e., spinach, green broccoli, or 
Moringa leaves); 3–4 servings (240–320 g) per day. 
Low-GI legumes: red kidneys, soy beans, and black beans; 1–2 servings per week. 

Dairy products Natural/white yogurts; 1–2 servings a day. 

Meats About 20% of total energy with smaller proportions in red meats than oily fish and 
chicken. 

Things to avoid • Fast foods and animal fat or skin. 
• Skipping meals. 
• Alcohol or alcoholic drinks. 
• Drinking soft drinks or sugary foods between meals. 
• Very big meal; keeping meals medium sized and regular will prevent 

hyperglycemia throughout the day. Additional healthy snacks would be 
beneficial. 

Table 3. 
Recommended low-GI diet for Asian pregnancy with GDM. 

than the dietary fiber content solely [46]. Rice with higher amylose composition has 
greater GI. The gelatinization represents the thickening of starch granules when 
heated in the presence of water. Thus, rice with greater gelatinization, such as 
glutinous rice, will have higher GI [48]. 

The evidence stated that the consumption of a high amount of fat, particularly 
with saturated fatty acids, can affect both the insulin-induced signaling pathway on 
cell membranes and lipid metabolism after a meal [49, 50]. Saturated fatty acids in 
strong relation to insulin resistance are well documented in not only epidemiologi-
cal but also intervention studies [51]. Moon demonstrated that diets rich in saturates 
appear to impair the insulin-induced normal signaling by reducing IRS-1 expression 
and phosphorylated PI3K levels [52]. This results in significantly decreased transfer 
of glucose across the muscle cell membrane via GLUT-4, glucose transporter pro-
teins, and the increased serum glucose. In addition, in a current study on mice with 
impaired Toll-like receptor-4, Zhou also demonstrated that saturated fatty acids are 
associated with glucose intolerance through reducing functions of nucleotide-
binding oligomerization domain 1 (NOD1) in insulin-stimulated glucose uptake in 
adipocytes [53]. Thus, women with GDM may need to avoid saturated fats, but 
increase consumption of polyunsaturated fatty acids, especially fish oil [54]. A 
randomized double-blinded, placebo-controlled trial on fish oil supplementation 
and its effects on GDM demonstrated that omega-3 supplementation was associated 
with upgraded expression of genes related to insulin activities and inflammation 
among GDM women [55]. To date, taking omega-3 supplements routinely has not 
been recommended for the treatment of GDM due to lack of evidence. However, 
omega-3 supplements may need to be considered additionally for pregnant women 
if they find fish consumption challenging. 
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4. Management of vitamin D deficiency during pregnancy 

Vitamin D is essential for absorption of dietary calcium and phosphate in the 
small intestine and for the deposition of calcium and phosphate in the mother’s 
bones, and for her baby’s as well. Moreover, maternal vitamin D was known as the 
only source for the unborn baby. Gestational vitamin D deficiency during preg-
nancy is related to infantile rickets. Moreover, the lack of vitamin D in the first 
trimester of pregnancy is predictable to preeclampsia and gestational diabetes 
mellitus [56, 57]. Maternal vitamin D is primarily synthesized under her skin while 
exposed to sunlight. First, due to sunlight, the 7-dehydrocholesterol under skin 
will be converted into cholecalciferol (vitamin D3). Then, the hydroxylation of 
vitamin D3 in the liver occurs to form 25(OH)D. Finally, 25(OH)D is continuously 
hydroxylated in the kidney to become a biologically more active form, 1,25(OH) 
2D. Serum 25(OH)D concentrations are clinically measured to indicate an individ-
ual’s vitamin D status due to its stable half-life of 2–3 weeks. There is some 
established evidence that inadequate serum vitamin D concentrations at early 
childhood puts individuals into a higher risk of metabolic disorders later in their 
life, such as heart disease and diabetes as vitamin D receptors are present in 
almost tissues. 

Those women who smoke, use sunscreen, or cover their skin with clothing 
increase significantly risk of vitamin D deficiency. Unfortunately, some individuals 
have encountered getting an adequate amount of vitamin D due to their darker skin 
tone. A global sunshine calendar developed by the Vitamin D Day (https://www. 
vitamindday.net/) suggested a practical tip for an individual to get enough vitamin 
D while exposed to sunlight, no matter where he or she lives. 

One of the biggest concerns about getting vitamin D from sun is skin cancer due 
to ultraviolet (UV) radiation exposure. There was an association between less edu-
cation and misconception of vitamin D from sunlight. A cross-sectional survey of 
3922 participants in the United States demonstrated that individuals with a high 
school diploma or less had misconception of a longer sunlight exposure related to 
achievement of a sufficient vitamin D, which may need more studies about vitamin 
D-related sun exposure behaviors and risk of skin cancer [58]. In natal visits, it is 
important for registered nutritional practitioners to take women’s vitamin D 
knowledge as well as their sun safety behaviors into consideration [59]. 

Mushroom, oily fish, egg yolks, and vitamin D fortified milk is a dietary source 
of vitamin D. Oral vitamin D supplementation is as available as drops or tables, 
which can be taken over the counter or on registered nutritional practitioner’s 
prescription. Oral vitamin D supplementations among pregnant population have 
shown to improve maternal vitamin D status and lower risk of premature birth 
delivery. According to the guideline of the Royal College of Obstetrics and Gyne-
cology (RCOG), a daily vitamin D supplementation of 400 units is recommended 
for women with singleton gestation [60]. To date, there is still no vitamin D 
guideline for twin or multiple pregnancies although it shares an increased risk of 
gestational outcomes. Some experts from the Society of Maternal Fetal Medicine 
suggested that women with twin gestations should consume daily vitamin D sup-
plementations of 1000 units [61]. Oral vitamin D supplementations within the 
guideline, plus sunlight exposure, will not lead to symptoms of excessive vitamin D. 

There is a hypothetical concern that which is better: taking vitamin D supple-
mentation alone or in combination with calcium? The evidence from a Cochrane 
systematic review confirmed that the consumption of vitamin D combined with 
calcium is related to an increased risk of premature birth [62]. The effect and cause 
behind the evidence were not well documented. Thus, it is important for the 
registered nutritional practitioners or nutritional therapist to take measures to 
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manage this risk when making a description of vitamin D combined with calcium 
for preeclampsia. It is beneficial for public to take vitamin D supplement alone over 
the counter within the guideline. 

Women who enter into pregnancy obese are also at increased risk of nutrient 
deficiencies, in particular, deficiencies of vitamin D. Also in pregnant women, BMI 
is inversely associated with the serum concentrations of vitamin D. Obese women 
are at a markedly increased risk of vitamin D deficiency compared to women with 
BMI in the normal range, and the offsprings of obese women also have lower levels 
of vitamin D in their cord blood. The prevalence of vitamin D deficiency in preg-
nant women can be quite high in some populations, reaching, for example, one 
third in the USA, 35% in the UK, and 77% in Germany [63]. Vitamin D is believed to 
be sequestered in the adipose tissue, making it less available in obese people. 

Hence, obese women have an even higher prevalence of vitamin D deficiency 
during pregnancy. Recently, the RCOG guidelines recommended that obese preg-
nant women should be taking at least 1000 units a day of vitamin D supplementa-
tion, compared with a daily vitamin D supplementation of 400 units for those 
women with healthy BMI [60, 64]. 

Women at higher risk of vitamin D deficiency, such as obesity, need to follow a 
maternal vitamin D assessment in prenatal, first trimester, and last trimester visits 
to ensure a proper vitamin D supplementation. 

5. Management of folic acid deficiency during pregnancy 

Folate or vitamin B9, a family member of water-soluble vitamins, plays an 
important role in the production of neurotransmitters and synthesis of DNA in 
cells, especially in early pregnancy. Folate is naturally found in dark green leafy 
vegetables and legumes while folic acid, a synthetic form of vitamin B9, is generally 
added in supplements or fortified milk or foods. Folate deficiency in pregnancy 
generally occurs when maternal dietary supply does not meet a suddenly increased 
folate requirement for the embryogenesis [65]. This requires an adequate amount of 
folate prior to conception and continuing throughout within next 28 days, an 
essential period of neural tube formation. The failure will lead to abnormal fetus 
development, even death. New parents are often unaware of their pregnancy as well 
as unprepared of an increased folate demand of this important event [65, 66]. 

All pregnant women need to consume a daily folate supplementation of 400 μg 
or 0.4 mg. Folate deficiency is strongly associated with abnormal neural tube 
development. Evidence has shown that the risk of neural tube defects among obese 
pregnant women is double that of women with normal BMI. As a result, a higher 
dosage of folate supplementation is recommended for pregnant women with high 
BMI. It is important for these women to take this raised amount of folic acid at least 
a month prior to conception to their first trimester. The Center for Maternal and 
Child Enquiry jointly with the Royal College of Obstetrics and Gynecology recom-
mends that women with a body mass index higher than 29.9 should take a supple-
ment on top of their diet, with 5 mg of folic acid daily [67]. In contrast, the 
recommended folic acid dosage for women with a healthy BMI, of course, is only 
0.4 mg daily. 

6. DHA in a pregnancy 

Omega-3 docosahexaenoic acid (DHA; 22:6n-3) is an important component in 
the cell membrane, specially brain cells. It has been postulated that low maternal 
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DHA concentrations could be related with increased risk of postpartum depres-
sion and preterm birth. During the embryogenesis, maternal DHA levels signifi-
cantly increased, which may contribute to reduce oxidative stress-induced 
impairment of the neurotrophic factors [68]. Omega-3 DHA is pronouncedly 
found in a fetus brain from the last trimester to 12 months after delivery [69, 70]. 
Oily fish, river eels, and wide carps are often a rich source of omega-3 essential 
fatty acids (FA). DHA in the diet can be obtained from river eels, wide carps, and 
marine-derived fatty fish, such as salmon, mackerel, anchovies, sardines, and sea 
trout. One of the biggest concerns about seafood consumption is risk of mercury 
exposure. According to the United States Environmental Protection Agency 
(EPA)‘s fish advice, it is safe for pregnant women to consume 2 servings 
(6.2 ounces or 175 g) of certain cooked fish with a low average mercury concen-
tration (≤0.15 μg/g) [71, 72]. Some oily fish species labeled as “the best choice to 
consume” are Atlantic mackerels, anchovies, herrings, haddocks, lobsters, 
salmon, sardine, and light tuna. However, women, who might become pregnant, 
should avoid or consume less than 100 g per week predatory fish species, such as 
bigeye tuna, swordfish, marline, shark, and orange roughy [73–75]. Alternatively, 
oral DHA supplementation alone of 200–300 mg was recommended for all preg-
nant women [72]. 

7. Conclusion 

Based on the present work, there are three main conclusions which may help 
women have a healthy baby during their pregnancy. First, an increase in body 
weight is necessary during the last two trimesters. However, the gestational weight 
gain should be interpreted with some cautions related to prenatal BMI, especially 
overweight or underweight. Second, gestational diabetes is strongly associated with 
a greater risk of poor pregnancy outcomes. Once diagnosed, diet-based interven-
tions aim to control maternal hyperglycemia. As a result, seeking a tailored nutri-
tional counseling by a registered nutritional therapist will put on a proper diet, 
including the appropriate management of energy restriction and the promotion of a 
balanced diet with high fiber and low GI carbohydrate. Moreover, the management 
of blood glucose during pregnancy may benefit from avoiding saturated fats, but 
increasing consumption of polyunsaturated fatty acids. Last, it has clearly been 
shown that pregnant women may find it harder to consume enough specific nutri-
ents, such as vitamin D, folate, and omega-3 DHA. Consuming fortified or enriched 
foods or oral nutrient supplementations may optimize a diet. 
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Chapter 5 

Hydrops Fetalis 
Renuka Sekar 

Abstract 

The abnormal accumulation of fluid in two or more fetal space and in some 
cases is associated with placental edema and polyhydramnios. This can be seen in all 
trimesters. It is classified as immune and nonimmune fetal hydrops. Immune hydrops 
fetalis-rhesus alloimmunization and other blood group antibodies cause hemolytic 
disease of the newborn. Nonimmune hydrops fetalis can be largely divided as fetal, 
maternal, placental and idiopathic. Pathophysiology, investigations, treatment and 
counseling are outlined. 

Keywords: fetal hydrops, hydrops fetalis, immune hydrops, nonimmune fetal 
hydrops, pathophysiology 

1. Introduction 

Hydrops fetalis or fetal hydrops is an abnormal fluid collection in two or more 
fetal compartments. This includes skin edema (>5 mm), ascites, pleural, and peri-
cardial effusion. In some, this may be associated with the placental edema (placen-
tal thickness > 4 cm in the second trimester and >6 mm in the third trimester) [1] 
and polyhydramnios [2]. 

Hydrops fetalis is a serious fetal condition usually identified by ultrasound 
examination. Very rarely, subtle collection of fluid may be missed on ultrasound 
scan. Historically, hydrops fetalis was due to rhesus alloimmunisation, especially 
prior to prophylactic anti-D administration in the developed countries, although 
this may not be the case in many developing countries. 

1.1 Terminologies 

Hydrops fetalis is the abnormal accumulation of fluid within the fetal skin, 
abdomen, pleural space, and or pericardium [1, 3]. 

Edema/anasarca is the term for fluid accumulation in the subcutaneous tissues 
of the skin. 

Excess fluid accumulation within the peritoneal cavity is frequently referred to 
as ascites. 

1.2 Epidemiology 

The precise incidence of hydrops fetalis is difficult as some cases spontaneously 
resolve or diagnosis is not seen until fetal demise or miscarriage. The overall inci-
dence of fetal hydrops reported in the literature is between 1 in 1500 and 1 in 3000 
pregnancies [4]. 
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With the advent of anti-D immunoglobulin, the incidence and mortality due to 
immune hydrops fetalis have reduced with an increase in nonimmune fetal hydrops 
in about 90% of cases [5–8]. 

The diagnosis of hydrops fetalis is usually made antenatally and is a challenging 
condition to counsel and is usually a preterminal manifestation of many different 
pathophysiological conditions. 

A recent publication from a single centre in Australia showed that the overall 
survival from diagnosis was 27%. The perinatal mortality risk is high when infants 
are born with hydrops fetalis and is dependent on the underlying diagnosis. 

2. Classification 

Hydrops fetalis is broadly classified into immune and nonimmune. 

2.1 Immune fetal hydrops 

Immune hydrops fetalis is due to red cell antibodies. There are many red cell antibod-
ies of which rhesus D, c, and E are the commonest. The incidence of Rh D antibodies is 
reducing secondary due to the widespread use of anti-D at least in the developed coun-
tries. There appears to be an increase in other red cell antibodies that are now commonly 
associated with immune hydrops fetalis that can cause hemolytic disease of the newborn. 
These are kell antibodies, Duffy, and other red cell antibodies. Lewis and p antibod-
ies rarely cause hemolytic disease of the newborn. The mechanism of fetal hydrops is 
secondary to fetal anemia. Fetal anemia is due to direct red cell destruction by the red cell 
antibodies that cross the placenta, especially if the baby has a different blood group and 
type to the mother. Anemia causes high output cardiac failure and fetal hydrops. 

In the Caucasian population, about 85% are rhesus (Rh) positive, which leaves 
about 15% Rh negative. When the mother is Rh negative and has never been 
sensitized before (no previous pregnancy, miscarriage, termination of pregnancy, 
or ectopic pregnancy), the sensitization event happens with the first pregnancy 
if the partner is positive. A sensitization event can happen spontaneously during 
pregnancy (feto maternal hemorrhage) and in labour or during an event such as 
maternal trauma, abruption, invasive procedures, antepartum hemorrhage, and 
external cephalic version. During these events, anti-D must be administered in 
Rh-negative women with an Rh positive partner. When possible, partner testing 
for both phenotype and genotype of his blood group must be requested. Currently, 
the widespread use of free fetal DNA in the detection of fetal D gene is helpful in 
identifying the Rh status of the fetus from maternal blood sample performed after 
10 weeks of gestation. Amniocentesis can be performed to assess the fetal Rh D 
status as well; this will again increase the sensitization during pregnancy. 

Hydrops fetalis that develop in the absence of red cell hemolysis is termed as 
nonimmune fetal hydrops (NIFH) and was first described by Dr. Potter in 1943. The 
reported incidence of nonimmune fetal hydrops (NIFH) is 1 in 2000–3000 pregnan-
cies [4, 5]. These result in about 3% of perinatal mortality and 50% diagnosed in utero 
will result in fetal demise and 50% of live born will not survive the neonatal period. 

2.2 Nonimmune fetal hydrops (NIFH) 

There are many causes for nonimmune fetal hydrops. In the past, many were 
thought to be idiopathic. Recent literature review shows that a cause can be identi-
fied prenatally in 65% of cases and up to 85% postnatally [9]. They are broadly 
divided as maternal, fetal, placental, and idiopathic causes. 
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2.2.1 Maternal 

Hemoglobinopathies (both alpha and beta thalassemia) are caused especially 
when both parents are carriers. Alpha thalassemia can cause severe fetal hydrops 
early in pregnancy, especially Barts [10] hemoglobinopathy (4 gene deletion)— 
hemolysis is the cause of fetal hydrops, fetomaternal hemorrhage (abruption), and 
maternal hemolytic anemia. 

Infection—some maternal infections can cause fetal infection and affect neural 
development, e.g., cytomegalovirus, toxoplasmosis, parvovirus [11] (erythrogenic), 
syphilis, and Zika virus. 

Maternal antibodies—anti-Ro and La antibodies can be positive in mothers 
with autoimmune disorders such as systemic lupus erythematosis, rheumatoid 
arthritis. These mothers are tested for other antibodies including antiphospholipid 
and extractable nuclear antibodies (Ro and La). These antibodies cross the placenta 
and in 6% of cases can cause congenital heart block in the fetus as they affect the 
purkinje fibers of the heart. With a very low heart rate, the fetus is at increased risk 
of developing hydrops [12, 13] (low cardiac output and heart failure). 

Neonatal alloimmune thrombocytopenia and idiopathic thrombocytopenia—in 
neonatal alloimmune thrombocytopenia (NAIT), due to incompatible platelet 
antibodies (human platelet antibody A1A and 5A) between maternal and paternal 
platelets, there is production of antibodies against maternal platelets. The risk of 
neonatal thrombocytopenia is very high, 85–100%. These IgG antibodies cross 
the placenta and destroy fetal platelets causing anemia and fetal hydrops. Unlike 
rhesus alloimmunisation where the first pregnancy is less likely to be affected when 
there was no preceding sensitizing event, NAIT affects the first pregnancy (diag-
nosis is made after the affected pregnancy) and increases the risk for subsequent 
pregnancies. 

When there is maternal idiopathic thrombocytopenia, the risk of fetal throm-
bocytopenia is low 1–2%, fetal monitoring is recommended both antenatally and 
intrapartum. The risk of fetal thrombocytopenia is high when maternal platelets fall 
below 20 × 106. 

2.2.2 Placental 

Placental chorioangiomas are tumors of the placenta and is usually a pathologi-
cal diagnosis. When the size of the chorioangiomas is over 5 cms and the cord inser-
tion is close to the chorioangioma, there is an increased vascular turbulence leading 
to microangiopathic anemia leading to fetal hydrops and polyhydramnios. 

Monochorionic twin pregnancies—especially in 15% of monochorionic diam-
niotic twin gestations, there is unbalanced vascular communication between the 
twins leading to unbalanced transfusion where one of the twins can be hydropic 
(recipient) or polycythemic, while the other can be anemic. Untreated twin-to-twin 
transfusion [14] leads to fetal hydrops in the recipient and fetal demise in one twin, 
which can in turn result in the death of the other twin as well. 

2.2.3 Fetal 

There are many fetal conditions that can give rise to fetal hydrops, which can be 
broadly classified as: 

1. chromosomal—trisomy and 45XO (Turner’s syndrome) [15] 

2. structural 
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• fetal tumors of the face (epignathus) and neck 

• cardiac (cardiomyopathies, tumors-rhabdomyomas, myocarditis, and abnor-
mal fetal heart rates such as both fetal tachy and bradyarrhythmias) 

• thoracic—pulmonary airway malformations [16] (microcystic or macro-
cystic) especially with mediastinal shift, bronchopulmonary sequestration, 
congenital hyperinflation obstructive airway syndrome, and primary 
lymphatic anomaly 

• congenital diaphragmatic hernias—especially with mediastinal shift 

• abdomen—tumors or large cysts in fetal abdomen, bowel dilatation, or 
obstruction/volvulus, meconium peritonitis 

• sacrococcygeal teratomas—these tumors cause anemia secondary to high-
output cardiac failure 

• dental hemangiomas, arteriovenous malformations (AVM’s), absent ductus 
venosus, and umbilical cord varix 

• skeletal dysplasias 

• cystic hygromas and lymphatic obstruction 

3. fetal infections 

• toxoplasma, rubella, cytomegalovirus, herpes virus, syphilis, and parvovirus 
are the common fetal infections. Parvovirus is highly erythrogenic, and the 
resulting fetal anemia is due to failed erythropoiesis. There is an estimated 
1–2% risk of seroconversion in pregnancy that increases to 10% during 
epidemics. There is still a fetal loss rate of 3–10% depending on gestational 
age of exposure 

4. hematological—secondary to congenital leukemia or red cell eryth-
rogenic abnormalities (Blackfan-Diamond syndrome and congenital 
dyserythropoiesis) 

5. fetal metabolic abnormalities, most of them are autosomal recessive—G6PD 
deficiencies 

6. fetal genetic or neurologic syndromes 

7. miscellaneous—severe fetal growth restriction, fetal akinesia, or hypomobility 
syndromes 

8. idiopathic—30–50% of fetal hydrops 

Fetal tachyarrhythmia includes supraventricular tachycardia, fetal atrial 
fibrillation, or flutter. In total, 90% of fetal tachyarrhythmia is due to fetal supra-
ventricular tachyarrhythmia. Atrial flutter (FHR > 300 bpm) and fibrillation are 
less common. When fetal heart rates are above 220 bpm, there is reduced diastolic 
filling with reduced ejection fraction and cardiac output. This in turn results in poor 
perfusion, reduced oxygenation, and elevated CVP and hepatic congestion. The risk 
of fetal hydrops is inversely related to gestational age, and this could be related to 
immaturity of fetal myocardium [17]. 
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Fetal bradyarrhythmias are due to congenital heart block, and fetal hydrops 
is secondary to low cardiac output and inadequate oxygen perfusion and also to 
venous congestion. The risk is higher when FHR is less than 95 bpm and often 
when <65 bpm. 

Congenital structural anomalies of the heart may predispose to high output 
failure and may be associated with other chromosomal or structural anomalies [18]. 

Heritable hemoglobinopathies are usually autosomal recessive, and testing for 
this is done is either done pre or antenatally. Fetal anemia causes high output cardiac 
failure and increased central venous pressure, leading to fetal hydrops. Antiplatelet 
antibodies cross the placenta and destroy fetal platelets similar to rhesus alloim-
munisation, resulting in fetal anemia and hydrops. 

Fetal infection that crosses the placenta usually causes myocarditis, suppresses 
erythropoiesis, causes hemolysis, and hepatitis. Examples of fetal infection are 
toxoplasma, cytomegalovirus, rubella, herpes virus, syphilis, parvovirus and others 
include coxsackie virus, Listeria monocytogenes. 

Hydrops fetalis is associated with more than 75 inborn errors of metabolism, 
genetic syndromes, and chromosomal abnormalities. The inheritance is usually 
autosomal recessive with some conditions that could be X linked. 

Cystic hygromas are usually associated with aberration in lymphatic drainage. 
They are usually seen as cystic spaces in the fetal neck, but can also be seen in fetal 
thorax or abdomen. These findings can be associated with 45XO (Turner’s syndrome) 
[6] and are usually seen in aborted fetuses. There are some cases of spontaneous 
resolution of cystic hygromas, but prognosis is usually poor (90–95% mortality) 
especially when associated with hydrops fetalis even with normal karyotype. The 
differential diagnoses include Noonan syndrome and multiple pterygium syndrome. 

Thoracic and abdominal tumors, by way of their size and location, obstruct both 
venous and lymphatic return to the fetal heart, causing fetal hydrops. 

In some tumors such as sacrococcygeal teratomas [19] or chorioangiomas, the 
resulting fetal hydrops is not only due to the size of the tumor but also due to the 
increased vascularity in them behaving like an arteriovenous malformation, leading 
to high output cardiac failure, and microangiopathic fetal anemia. 

Isolated pleural effusion, unilateral or bilateral, is seen without progression to 
fetal hydrops, especially with abnormal lymphatic development [20]. 

3. Pathophysiology 

There have been many hypotheses for fetal hydrops. Distribution of body water 
is between the intracellular (blood and tissues) and extracellular (plasma, intersti-
tial space, and transcellular) space. 

The basic mechanism is an abnormal fluid movement between plasma and tissues 
and the imbalance between the interstitial production and lymphatic return [21]. 

Four main theories have been postulated: 

1. heart failure or obstruction to venous return causes increase in hydrostatic 
capillary pressure, 

2. hepatic congestion causing reduced production of albumin causing reduced 
plasma oncotic pressure, 

3. lymphatic flow obstruction, 

4. damage to peripheral capillary integrity. 
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Figure 1. 
Flow chart of possible pathophysiology in NIFH [6]. 

Fluid accumulation may be due to congestive cardiac failure, obstruction to the 
lymphatic flow, or reduced oncotic pressure. The fetus has greater capillary perme-
ability and an interstitial compartment that can accommodate extra fluid. 

When there is fetal hypoxia, there is redistribution to the vital organs such as 
brain, heart, and adrenals. There is reduced blood flow to fetal kidneys and gut. The 
reduced renal blood flow activates the renin angiotensin system (RAS) to enhance 
cardiac output. This also increases the venous pressure and thereby increases in 
interstitial fluid accumulation. 

Due to reduced hepatic blood flow and increase in extramedullary hematopoiesis, 
there is reduction in albumin production causing hypoalbuminemia, thereby reduc-
ing the oncotic pressure and causing fluid shift. Many animal models have been 
studied in order to understand hydrops. The largest systematic review by Bellini et al. 
[6] also illustrated the possible pathophysiological causes of NIFH (Figure 1). 

With fetal hydrops, there is a risk of maternal mirror syndrome (Ballantyne’s syn-
drome) in some patients, where the mother develops edema similar to the hydropic fetus. 

Mirror syndrome represents a form of preeclampsia characterized by edema 
(90%), high blood pressure (60%), and proteinuria (40%) of cases [22–25]. The 
incidence is unclear and may not be reported. Review of literature shows a maternal 
mortality of about 20% secondary to pulmonary edema. With treatment for fetal 
hydrops, maternal symptoms have noted to resolve. 

The imbalance between the angiogenic and antiangiogenic factors that are 
implicated in severe preeclampsia is also thought to be the underlying pathogenesis 
of this condition. When the underlying NIFH cannot be treated and when there are 
ongoing symptoms of maternal mirror syndrome, delivery is indicated. 

4. Investigations 

Maternal blood tests—the first line of investigation would be to rule out immune 
hydrops fetalis. 
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Figure 2. 
Ultrasound findings fetal hydrops [1]. (A) Pericardial effusions, (B) pleural effusions; note: midline heart 
anterior to small lungs with bilateral effusions, (C) placental thickening, with placenta measuring >4 mm 
in thickness, (D) skin thickening at level of fetal skull, (E) ascites, sagittal, with free-floating loops of bowel 
surrounded by ascites, and (F) ascites in upper abdomen, at level of fetal liver and stomach [1]. 

Maternal rhesus status, antibodies, full blood count, Kleihauer-Betke test, and 
indirect Coombs test are requested. 

The other blood tests are for nonimmune hydrops fetalis. 
Hemoglobin electrophoresis is requested to rule out thalassemia, both alpha and 

beta. This screen is especially important in Mediterranean, Indian, and Asian ethnic 
groups. 

TORCHS+P serology (toxoplasma, rubella, cytomegalovirus, herpes, syphilis, 
and parvovirus). 

If fetal heart rate is lower than 100 bpm, anti-Ro and La antibodies to be 
requested. 

Maternal serum electrolytes and liver function tests, including urinary PCR, are 
recommended to rule out maternal mirror syndrome. When fetal hydrops is associated 
with abnormal placenta, triploidy or partial molar pregnancy cannot be ruled out; 
hence, serum beta-HCG and thyroid function tests are performed in this situation. 
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Figure 3. 
Transverse section of fetal head showing middle cerebral artery—Google images. 

A detailed tertiary ultrasound of the fetus/fetuses is recommended including 
amniotic fluid volume and Doppler studies looking for fetal anemia. 

Fetal tertiary ultrasound is the key to diagnose most of the above-men-
tioned fetal structural abnormalities. A thorough assessment including fetal 
weight, morphology, amniotic fluid volume, and placental morphology are 
recommended. 

Fetal heart rate documentation is vital to rule out both tachy and brady 
arrhythmias. 

Fetal dopplers including umbilical artery, vein, ductus venosus, tricuspid regur-
gitation, and middle cerebral artery peak systolic velocity (MCA PSV) measure-
ments are very helpful in the investigation of hydrops fetalis. 

The middle cerebral artery Doppler known as MCA peak systolic velocity is a 
good noninvasive measure of fetal anemia. With fetal anemia and possible hypoxia, 
velocity of blood flow to the fetal brain increases. When the MCA PSV is above 
1.5 multiples of the median (MoM), there is a high risk of fetal anemia. The false-
positive rate of this measurement is around 10% and increases after 35 weeks of 
gestation (Figures 2 and 3). 

Invasive testing such as amniocentesis and amniodrainage [26] is discussed and 
performed under ultrasound guidance. Maternal rhesus status is checked so that the 
patient is given anti-D when not sensitized. 

The amniotic fluid is sent for chromosome tests—fluorescent in situ hybridiza-
tion (FISH), chromosomal microarray, rasopathy, or hydrops panel including 
Noonan’s syndrome, lysosomal storage disease and in some centres whole exome 
sequencing. Polymerase chain reaction (PCR) from the amniotic fluid is sent for 
fetal infection such as TORCHS+parvovirus’ DNA for specific conditions if known. 

When there is evidence of fetal pleural effusion, either a pleural tap or insertion 
of a pleuroamniotic shunt is inserted to drain the pleural effusion/effusions [27]. 
The sample is also sent for lymphocytes apart from infection and karyotype. 

The presence of fetal sacrococcygeal teratoma is confirmed, and fetal 
magnetic resonance imaging (MRI) may be required to identify the intrapelvic 
extension. 
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5. Management of NIFH 

Transfer to maternal and fetal medicine unit is recommended. The outcome 
for most cases of NIFH is poor unless there is a treatable cause. Women are not 
only extensively counseled [28] regarding outcomes with NIFH, but also for 
risks such as polyhydramnios (29%) and preterm labour (66%). When there is 
an ongoing maternal symptom with severe polyhydramnios, amniodrainage is 
recommended. 

The outcome usually falls into 

1. Treatable cause of NIFH—fetal tachyarrhythmia’s (antiarrhythmic medications), 
fetal anemia secondary to parvovirus B19 infection (in utero fetal transfusion), 
large macrocystic congenital pulmonary airway malformation (CPAM) (shunt 
or antenatal corticosteroids), twin-twin transfusion syndrome (TTTS) (laser 
photocoagulation), and twin-reversed arterial perfusion (TRAP) (selective 
radiofrequency ablation), fetal sacrococcygeal teratoma’s with an identified fetal 
vessel may benefit from radiofrequency or laser ablation. 

2. Lethal prognosis—termination of pregnancy or palliative care should be 
offered. 

3. Idiopathic—with uncertain to poor prognosis. 

When NIFH is identified before viability with no identifiable cause, pregnancy 
termination should be discussed and offered. Termination of pregnancy should be 
considered when associated with maternal complications such as maternal mir-
ror syndrome. Antepartum surveillance is usually recommended depending on 
gestational age at diagnosis and the underlying cause of NIFH. Once the underlying 
cause of fetal hydrops is treated, ongoing surveillance is important to plan delivery. 
Mode of delivery depends on underlying etiology, gestational age, and maternal 
well-being. Vaginal delivery is considered when there is a lethal condition with no 
fetal monitoring. Cesarean delivery is recommended in all other conditions. When 
there is moderate to severe pleural effusion, drainage prior to delivery may help in 
the neonatal period. Elective preterm delivery is not recommended unless indi-
cated, as this does not improve neonatal outcomes. 

In a recent review of a 12-year retrospective cohort from a single centre [9], the 
overall survival from diagnosis was 27% increasing to 55% if born alive. 

The long-term prognosis of survivors of NIFH also depends on underlying etiol-
ogy. Following parvovirus B19 infection with fetal anemia and transfusion, there 
appears to be some neurological sequelae in about 30% of babies [29]. This could be 
a direct consequence of parvovirus infection with fetal anemia or transfusion. 

Fetuses with supraventricular tachycardia, some babies may develop Wolf 
Parkinson White syndrome later in life [30]. 

6. Conclusion 

Ultrasound is the diagnostic tool for antenatal diagnosis of hydrops fetalis includ-
ing all fetal Doppler studies. A detailed history and examination of the mother is very 
important. Serological testing for perinatal fetal infections and maternal antibodies 
helps in the workup of fetal hydrops. Tertiary referral to a maternal and fetal medi-
cine unit is highly recommended. Outcome for babies with no antenatal diagnosis is 
very guarded to poor with increased neonatal morbidity and mortality. 
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Chapter 6

Maternal and Fetal Complications
Due to Decreased Nitric Oxide
Synthesis during Gestation
Sonia Jurado, Kaelly Saraiva, Cauane Marceliano, 
Vanessa Souza and Izabela Vieira

Abstract

Nitric oxide (NO) is synthesized from L-arginine by the constitutive NO 
synthase in vascular endothelial cells and plays an important role in the regulation
of blood pressure and coronary vasomotion. Normal pregnancy is associated with
major adaptations in maternal cardiovascular function, which help the woman
to accommodate the growing fetus. The vascular endothelium is stimulated dur-
ing pregnancy to release increased amounts of NO, and the abnormality in the
L-arginine NO pathway may play a role in the etiology of preeclampsia. The
objective of this study is to discuss the importance of nitric oxide during gestation
and the maternal and fetal complications associated with decreased NO synthesis
during this period. Maternal arterial hypertension due to inhibition of nitric oxide
synthesis during pregnancy impairs fetal development, mainly the reduction of the
wall/lumen ratio of the cardiac and renal microvasculature as well as the reduction
in the number of nephrons. These changes may contribute to the development of
hypertension. Despite these findings, more studies are needed to understand the
programming of fetal development, and the intrauterine environmental factors. 
influence this process.

Keywords: nitric oxide, pregnancy, preeclampsia, growth fetal, 
intrauterine environment

1. Introduction

Normal pregnancy is associated with intensive changes in the maternal cardio-
vascular system that enables adequate oxygen delivery and nutritive ingredients
to the fetus. Physiological vascular adaptation (increased blood volume, increased 
cardiac minute volume, and reduced vascular resistance) is followed by increased 
endogenous production of nitric oxide (NO) and improved response of smooth
muscles on the reaction of NO [1].

Nitric oxide is synthesized from L-arginine by the constitutive NO synthase in
vascular endothelial cells and plays an important role in the regulation of blood 
pressure and coronary vasomotion. Abnormalities in its production and/or bioavail-
ability are related to diseases such as hypertension, atherosclerosis, and disorders
associated with angiogenesis [2].
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In normal pregnancy, there is an increase in blood volume and maternal cardiac 
output, although a decrease in systemic blood pressure occurs. In addition, the 
responsiveness to various vasoconstrictors is attenuated. This is due to the contribu-
tion of nitric oxide (NO) to the vasodilatory phenomena of pregnancy [3]. 

Nitric oxide is a potent vasodilator and plays an important role in mild relaxation 
muscles and helps in the vasodilation of maternal blood flow. NO is derived from 
the amino acid L-arginine, which is in the proteins of all life forms. It is classified 
as a semi-essential or conditionally essential amino acid [4]. In addition to nitric 
oxide, other chemical mediators have been implicated in this phenomenon, includ-
ing estradiol and prostacyclin [5]. 

Serum NO concentration of the healthy pregnant women was significantly 
higher during the second and the third trimester of pregnancy in relation to control 
nonpregnant subjects [1]. Thus, increased production of nitric oxide by the endo-
thelium contributes to the hemodynamic changes associated with normal preg-
nancy; conversely, a reduction in NO signaling has been observed in preeclampsia 
and in several forms of chronic hypertension [6, 7]. 

Preeclampsia is considered to be one of the most significant health problems in 
pregnancy, complicating 6–10% of all gestation over 20 weeks, 14–20% of multiple 
gestations, and 25% of patients with chronic hypertension and/or chronic renal 
disease [8, 9]. It is characterized of the symptomatic triad: hypertension (systolic 
pressure ≥ 140 mmHg and/or diastolic pressure ≥ 90 mmHg), proteinuria, and 
edema [10, 11]. This disease is one of the leading causes of fetal growth disorders, 
fetal morbidity and mortality, premature labor, and mother’s death [4, 10]. 

Preeclampsia is a specific condition of gestation that involves the failure of 
several organs. The increase in blood pressure causes deleterious effects on several 
systems, especially the vascular, hepatic, renal, and cerebral. The complications 
observed in these systems may explain the high incidence of fetal and maternal 
mortality and morbidity, which makes preeclampsia one of the leading causes of 
maternal death in the world [1, 12]. 

It is interesting to note that there are some risk factors that increase the probabil-
ity of a pregnant woman presenting with preeclampsia, such as hypertension and 
preexisting diabetes mellitus, obesity, and ethnicity [12]. 

Endothelial cell dysfunction can cause hypertension with its increased produc-
tion of vasoconstrictor agents such as plasma endothelin or reduced release of 
vasodilator agents such as prostacyclin and NO [13]. 

Nitric oxide has been proposed as the physiological agent involved in this 
mechanism as it regulates feto-placental vascular permeability and resistance and 
platelet aggregation in the placenta. Maturation and development of the placenta is 
affected significantly by an epigenetic molecule such as nitric oxide which has been 
postulated to affect fetal programming and survival [14, 15]. 

The specific cause of NO increase during normal pregnancy is unknown, but it is 
suggested that increased shear stress during pregnancy stimulates the activity of the 
endothelial nitric oxide synthase (eNOS). Specifically in the placenta, the activity 
of this enzyme is important in the sense that NO synthesized locally maintains low 
vascular resistance, in addition to attenuating the action of vasoconstrictors [16]. 

The role of nitric oxide in the pathogenesis of preeclampsia was studied by 
Rachel et al. [4] who concluded that the circulating levels of nitrite are decreased 
in women with preeclampsia. One study showed that supplementation with 
L-arginine in women with preeclampsia lowered blood pressure through increased 
synthesis or bioavailability of nitric oxide [17]. 

Some studies point to the importance of nitric oxide to the outcome of preg-
nancy. Nitric oxide levels are altered in the blood serum of women who have had 
an abortion or ectopic pregnancy. The levels in recurrent abortions are decreased, 
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leading to an increase in myometrial contraction, whereas in ectopic pregnancy 
levels are higher, leading to decreased uterine tube motility and ectopic implanta-
tion [18, 19]. 

2. Nitric oxide and uteroplacental circulation 

The endothelial cells in the uteroplacental circulation play an important physi-
ological role in the maintenance of vasodilation of placental vessels, since these 
are not innervated. These endothelial cells produce prostacyclin and nitric oxide, 
causing vasodilation and also preventing platelet aggregation and platelet adhesion 
to endothelial cells [19]. 

Nitric oxide (NO) regulates implantation and trophoblastic invasion as well as 
embryonic development [20]. In addition, vascular tone in the placenta is controlled 
by several vasoactive mediators, with NO being the most important [21]. 

Nitric oxide participates at the onset of placental vasculogenesis. The onset 
of vasculogenesis requires the expression of vascular endothelial growth factor 
(VEGF), the mitogenic effects of which are mediated by nitric oxide. There is no 
well-established level of NO required for adequate placental angiogenesis. Elevated 
levels of NO may prevent angiogenesis, and its effect on cell survival and prolifera-
tion depends on its concentration [22]. 

NO has an important role in facilitating pregnancy-induced expansive remodel-
ing in the uterine circulation, especially in the larger arteries [7]. 

The NO signaling has an important role in the expansive circumferential 
gestational remodeling of the uterine circulation. It provides an interesting link to 
the theory that preeclampsia results from elevated levels of sFlt-1, a soluble receptor 
for vascular endothelial growth factor and placenta growth factor, in preeclamptic 
women [23]. 

An excess of soluble receptor would reduce the availability of these ligands to 
the maternal vascular wall and fetal growth retardation. The sFlt-1, when infused 
in pregnant rats, promotes glomerular proteinuria and endotheliosis, characteristics 
of the preeclampsia picture [24]. 

Since both placenta growth factor and vascular endothelial growth factor stimulate 
endothelial NO release, a reduction in their signaling would create a vasoconstrictor 
imbalance and increase peripheral resistance and blood pressure. Thus, a reduction 
in NO signaling also impacts vessel remodeling in a way that would further increase 
uterine vascular resistance. This effect on structure, combined with loss of function 
(vasodilation), would further mitigate the increases in uterine [7]. 

In addition to the decrease in the synthesis of nitric oxide in the uteroplacental 
circulation in preeclampsia, the endothelium-dependent relaxation in response 
to acetylcholine is impaired in preeclamptic arteries. Additionally, the increased 
plasma fibronectin levels in preeclampsia may reflect fibronectin which has been 
shed by injured endothelial cells. Furthermore, soluble circulating endothelial cell 
adhesion molecules such as soluble intercellular adhesion molecule-1 (sICAM-1), 
soluble vascular adhesion molecule-1 (sVCAM-1), and sE-selectin are significantly 
increased in preeclampsia compared to normal pregnancies. This suggests that there 
is an altered and pathological endothelial phenotype in preeclampsia [25]. 

3. Animal models for the study of nitric oxide during pregnancy 

Animal models using rats or mice are very useful for the study of the patho-
genesis, diagnosis, and treatment of preeclampsia. N-Nitro-L-arginine methyl 
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ester (L-NAME) is an inhibitor of NO synthase, and it has been shown to promote 
arterial hypertension in pregnant rats [26, 27]. 

The administration of L-NAME in adult rats, in addition to causing hypertension [28], 
promotes cardiac and aortic tissue damage [29], proteinuria, and glomerular 
endotheliosis [30]. 

Several animals have already been used as models of experimental hyperten-
sion, such as rhesus monkeys, dogs, and sheep. Most of the experimental studies 
use rats and mice. In these animals, four categories of preeclampsia are produced: 
(i) animals with surgically induced reduced uteroplacental blood flow, (ii) animals 
with preclinical symptoms induced by drugs, (iii) genetic animal models, and (iv) 
animals with preexisting hypertension developing preeclampsia [31]. 

Few studies address the effects of inhibition of nitric oxide on fetal develop-
ment. Most of the work on this subject is from the 1990s. In pregnant rats, this 
nitric oxide synthesis inhibitor causes fetal growth restriction by a reduction in 
cellular proliferation due to induction of apoptosis [32], reducing the body weight 
and causing hemorrhagic necrosis of neonate’s hind limbs [33, 34]. 

This suggests that L-NAME crosses the placental barrier and affects the fetal 
NO synthesis, leading to cell death in the limbs because the NO has a role in limb 
and digit developments [35]. Reactive oxygen species (ROS) formation by L-NAME 
induces hemorrhages, oxidative stress, and limb reduction defects [30]. 

The administration of L-arginine, the precursor of nitric oxide, in mice during 
gestation promoted an increase in fetal weight presumably due to the contribution 
of NO in improving fetal-maternal circulation by vasodilation and subsequently 
increased blood volume and viscosity in the fetal-maternal circulation [36]. 

4. Effects of inhibition of nitric oxide on fetal heart development in 
animal models 

The first studies on the importance of nitric oxide in cardiac development go 
back to the beginning of the year 2000. The role of nitric oxide on fetal cardio-
vascular development is only partially known. In addition, in women who had 
preeclampsia, their children are at greater risk of developing cardiovascular disease 
later in life [37]. 

The nitric oxide probably contributes to the transformation of the epithelium-
mesenchyme in the areas of the endocardial cushion, myocardial survival and 
angiogenesis, and myocardial remodeling. Impaired production of NO in the heart 
leads to structural congenital abnormalities, resulting in heart failure and increased 
mortality [38]. 

Inhibition of nitric oxide during cardiac development is known to promote 
bicuspid aortic valve defects [39], congenital septal defects, and increase in cardio-
myocyte apoptosis [40]. 

Apoptosis occurs in situations of cardiac remodeling during or after pathological 
processes and was observed in the myocardium of newborns from rats with hyper-
tension induced by L-NAME. Thus, apoptosis can also occur in postnatal matura-
tion of the heart and other tissues of the cardiovascular system, which need to adapt 
to the new hemodynamic role [41]. 

In newborns from L-NAME mothers, the most significant change in the myocar-
dium involved the microvasculature. The wall/lumen ratio of arterioles was signifi-
cantly higher in neonates of L-NAME and spontaneously hypertensive rats (SHR) 
than of normotensive mothers at 2 and 15 days postnatal [42]. 

It is possible that the myocardial vascular changes induced by the blockade 
of nitric oxide synthesis in rats are due to the activation of the local angiotensin 

88 



 
  

 
 

 
 

  
 

 
 

 

 
 

 

  
  

 
 

 

 
 

 
 

 

 
 

 
 

 

  

 

Maternal and Fetal Complications Due to Decreased Nitric Oxide Synthesis during Gestation 
DOI: http://dx.doi.org/10.5772/intechopen.85383 

I-converting enzyme (ACE). Takemoto et al. [43] found an increase in ACE in the 
coronary arteries and increase of the wall/lumen ratio in the myocardial vasculature 
of adult rats treated with L-NAME. 

A decreased NO generation induces the synthesis of growth-promoting factors 
from the endothelium. The ACE activation would increase the formation of angio-
tensin II, which in turn directly induces vascular smooth muscle proliferation [44]. 

Possibly, the factors involved in hyperplasia/hypertrophy of the smooth muscle 
cells of the microvasculature of newborns born to hypertensive mothers who 
received L-NAME during pregnancy are activation of the renin-angiotensin system 
and activation of the sympathetic nervous system that contributes to the remodel-
ing of intramyocardial vessels [42]. 

In rats treated with L-NAME, the blood pressure increases via the renin-
angiotensin system, and, therefore, angiotensin II can promote the narrowing of the 
lumen of the microvasculature [45]. 

In neonates of hypertensive rats induced by L-NAME, in addition to cardiac 
microvasculature being affected, the pyloric musculature is also compromised, 
observing hypertrophy and hyperplasia of smooth muscle cells [46]. 

The rat offspring from L-NAME parents, with sustained NO-induced hyperten-
sion, had a remarkably higher blood pressure [47]. In addition to impairment in 
cardiovascular development, there are other damages in the offspring of rats treated 
with L-NAME as in the hippocampus, affecting cognitive and learning abilities [48]. 

5. Effects of inhibition of nitric oxide on fetal renal developmental in 
animal models 

The fetal kidney appears to be extremely vulnerable to the effects of growth 
retardation. Studies on human infants with growth retardation indicate that the 
kidneys are disproportionately affected relative to other organs [49]. 

One study noted that maternal hypertension during pregnancy results in 
reduced birth weight and a decreased area and number of glomeruli [50]. Certainly, 
there is a link between maternal environmental factors, particularly nitric oxide 
inhibition, and the development of hypertension in adulthood. 

Some models of arterial hypertension have been studied in animals in order to 
detect imbalances in fetal development, including protein restriction, excessive 
sodium intake, impaired uterine or placental circulation, blockade of the renin-
angiotensin system (RAS), and increased exposure to maternal glucocorticoids, all 
of them leading to hypertension in offspring [51–54]. 

Experimental studies indicate that fetal exposure to an adverse maternal 
environment may reduce glomerular filtration rate by decreasing the surface area 
of the glomerular capillaries. In addition, fetal responses to environmental insults, 
such as maternal hypertension, may contribute to the development of hyperten-
sion early in life, including increased expression of apical or basolateral tubular 
Na+ carriers and increased production of renal superoxide leading to reabsorption 
which increased Na+ [55]. 

Reductions in NO synthesis decrease renal sodium excretory function, not only 
through direct action on the renal vasculature but also through modulation of other 
vasoconstrictor processes and through direct and indirect alterations in tubular 
sodium transport [56]. 

Moreover, environmental factors of intrauterine life may worsen the prognosis 
of offspring hypertension, at least in part, by determining the number of nephrons. 
The reduced number and size of nephrons may also predispose the individual to the 
development of progressive renal disease [54, 57]. 
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Kidneys with lower numbers of nephrons maintain their hemodynamic and 
excretory functions by increasing local vascular resistance and glomerular pressure. 
The increase in glomerular pressure within the nephrons can trigger a cascade lead-
ing to progressive deterioration and loss of nephrons [56]. 

Nitric oxide is produced within the kidney and plays an important role in the 
control of many intrarenal processes. NO contributes to the regulation of sodium 
excretion and thus maintenance of vascular volume and arterial pressure in the adult 
[50]. Studies have shown that certain animal models of genetic hypertension and 
forms of human hypertension are associated with a decrease in NO synthesis [58]. 

The deficient production of NO in the intrauterine period is associated with a 
reduction in the mass and number of nephrons in the initial period of life. NO is 
involved in maturation and renal function in the postnatal period [50]. 

Inhibition of NO synthesis during gestation in rats treated with L-NAME 
promoted structural changes of the renal microvessels (thickening of the media) in 
newborns. The remodeling of the microvasculature of the kidneys of the newborns 
can be involved with adaptive responses to maternal arterial hypertension, activa-
tion of local/systemic of RAS in newborns, and enhanced synthesis of peptide 
growth factors, such as platelet-derived growth factor, which promote smooth 
muscle cell hyperplasia of the microvasculature [59–61]. 

Spontaneously hypertensive rats (SHR) at 2 days of age also showed an increase 
in the area and in the media/lumen ratio of the renal microvasculature due to 
hypertrophy or hyperplasia of the media layer. Hypertrophy and polyploidy are 
preferentially found in conduit arterioles, whereas hyperplasia and remodeling are 
found mainly in small arteries and arterioles [62]. 

Pups of spontaneously hypertensive rats (SHR) had significantly higher 
concentrations of renin than Wistar-Kyoto pups from birth until the beginning of 
the third postnatal week [63] as well as increased expression of angiotensinogen 
mRNA [64]. 

The elevated renin concentration of the SHR is linked to increased renal vascular 
resistance and thus to a reduced renal blood flow and glomerular filtration rate 
[65]. Also, it appears that sustained activity of the renin-angiotensin system may be 
required for exaggerated vascular growth responses in SHR [66]. 

Intrauterine growth restriction by nitric oxide inhibition during pregnancy is associ-
ated with a decrease in the number and size glomeruli and microvascular remodeling. 
Therefore, the nitric oxide inhibition during pregnancy may be linked to structural 
changes in the kidney which potentially lead to hypertension in later life [54]. 

Therefore, individuals born after intrauterine growth restriction, such as the 
L-NAME-induced hypertension model in rats, are at increased risk for kidney 
and heart morbidities. Endothelial dysfunction, with inhibition of NO synthesis, 
increases oxidative stress, dysfunction of endothelial progenitor cells, and acceler-
ated vascular aging. L-arginine supplementation and treatment with NO modula-
tors represent promising strategies to improve endothelial function and mitigate 
long-term outcomes and possibly vascular problems in newborns that have under-
gone growth restriction during maternal hypertension [67]. 

6. Conclusions 

The inhibition of nitric oxide synthesis during pregnancy promotes changes in 
the renal and cardiac microvasculature and, in addition, reduction in the number of 
fetal nephrons, leading to hypertension in the adult life of rat pups and, potentially, 
in humans. In this sense, the effects of preeclampsia for the mother and the fetus 
should be considered. 
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Chapter 7

Alloimmunization and Role of
HLA in Pregnancy
Meenakshi Singh, Jyoti Rajak, Shalaka Kadam 
and Sunil B. Rajadhyaksha

Abstract

Alloimmunization also known as isoimmunization, during pregnancy is the
production of IgG antibodies by the mother against the paternally inherited
antigens (IPA) in the foetus/newborn. The alloimmunization during pregnancy
leads to various alloimmune disorders, such as, haemolytic disease of the foetus
and newborn (HDFN), neonatal alloimmune neutropenia (NAN) and foetal
and neonatal alloimmune thrombocytopenia (FNAIT) due to the production of
maternal alloantibodies against the red blood cell antigen, neutrophils and plate-
lets cell antigens, respectively. Recent studies suggest that maternal anti-HLA
class I alloantibodies may also be the cause of FNAIT in addition to antibodies
against platelet antigens. On the contrary, studies have also suggested that HLA-
C, a classical HLA class I molecule, and HLA-G, a nonclassical HLA molecule,
play an important role in placentation and modulation of the maternal immune
system during pregnancy, respectively, and thereby leading to acceptance of the
semi allogeneic fetus. So far most of the studies have discussed alloimmuniza-
tion in pregnancy relating to Rh antigen. Thus, in this chapter an attempt has
been made to discuss alloimmunization in pregnancy caused because of maternal
alloantibody against HLA antigen and its role in immune modulation during
pregnancy.

Keywords: HLA, MHC, HLA-G, IPA

1. Introduction

Mammalian pregnancy with haemochorial placentation is an immunological 
contradiction with suppression of an immune response against the semi allogeneic
foetus having inherited paternal antigens foreign to mother [1]. The foetus is not
rejected as it would have, ideally in case of an unmatched organ transplant, wherein
the immune system forbids the incursion of any genetic material or protein foreign
to itself [2].

The protective mechanism which leads to acceptance of the semi allogeneic
foetus includes: (i) Complete separation of maternal and foetal blood circula-
tion. (ii) Low expression of foetal antigens that may stimulate graft rejection. The
trophoblast cells originating from foetus lack expression of classical HLA class Ia
and class II antigen except for very low expression of HLA-C antigens. They express
HLA class Ib antigens which are known to modulate immune responses at the
feto-maternal interface [3]. (iii) Involvement of both mother and foetus in order to
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maintain pregnant uterus as an immune privileged site. (iv) Programming of the 
maternal immune response by factors obtained from placental and extra placental 
membrane [4]. 

Maternal and foetal cells interact in co-ordination to maintain an immune privi-
leged environment at feto-maternal interface; some instances do occur which lead 
to maternal sensitization thereby leading to various disorders in the foetus/neo-
nate. Alloimmunization during pregnancy is the stimulation of maternal immune 
response by the paternal inherited foetal or placental antigens [5]. 

The recognition of antigens as self and non-self is the essential process by which 
the immune system determines whether or not to develop an immune response. The 
response of the maternal immune system will depend on genetic and acquired fac-
tors related to the foetus and to antigen immunogenicity. Maternal alloimmunization 
occurs when the foetal and the maternal lymph combine due to rupture of placental 
barrier which often happens during delivery, although feto-maternal haemorrhage 
(FMH) may also result early in pregnancy. The instance of FMH has been observed 
in 7, 16, and 29% of mothers during their first, second and third trimesters, respec-
tively [6]. Other maternal factors responsible for maternal sensitization involve 
factors such as Rh incompatibility, major surgical procedure, blood transfusion, 
multiparity, or operative removal of placenta [7]. 

The major antigens against which the maternal alloimmunization occurs are 
RBC, granulocytes (neutrophils), human platelet antigens and HLA antigens. 
The sensitization against these antigens leads to disorders, such as, haemolytic 
disease of foetus and newborn (HDFN), neonatal alloimmune neutropenia 
(NAN) and foetal and neonatal alloimmune thrombocytopenia (FNAIT), 
respectively. 

Till now most of the studies have addressed the maternal alloimmunization 
relating to Rh and platelet antigen, this book chapter aims at exploring the role of 
human leukocyte antigen (HLA) in pregnancy and alloimmunization along with 
other factors. 

2. Role of HLA in pregnancy 

The human leukocyte antigen (HLA) also known as the major histocompat-
ibility complex (MHC) play a very crucial role in enabling the immune system to 
differentiate between “self” and “non-self-antigen” [8]. It is situated on the short 
arm of human chromosome 6p21.3, and codes for nearly 130 structural genes 
known to function in antigen presentation to immune system thereby modulating 
the immune response. It is categorized into three classes i.e., class I, class II and class 
III [9]. The HLA class I gene is further classified into classical HLA class Ia genes 
(HLA-A, -B, -C) and non-classical HLA class Ib genes (HLA-E, -F, -G) [3]. The 
non-classical HLA class Ib genes show limited polymorphism as compared to those 
of classical HLA class Ia genes [10]. The HLA class II is differentiated into HLA-
DR,-DQ ,-DM and -DP. 

The HLA class I molecules are known to interact with CD8+ T cells, natural killer 
cells (NK cells), and class II molecules with CD4+ T cells, respectively [11, 12] to 
elicit an immune response in order to eliminate the foreign or non-self-antigens. In 
contrast the non-classical HLA class Ib molecules interact with natural killer cells 
(NK cells) and other immune cell to develop an immunological tolerogenic effect. 
HLA plays a very important role in transplantation, as it is known to evoke an 
immune response to the transplanted graft, thus are very critical in pregnancy from 
gamete formation to completion of development, as foetus is the most successful 
semi-allograft. 
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The non-classical HLA class Ib molecules, primarily HLA-G plays a very 
important role in maintaining maternal tolerance i.e., an immunosuppressive 
state during pregnancy thereby contributing to foetal endurance and growth. 
Consequently inability in maintaining the maternal tolerance to the foetus, 
adversely affects the pregnancy leading to complications such as recurrent spon-
taneous abortion, foetal growth restriction, and preeclampsia [13]. Also HLA-C 
along with KIR (killer-immunoglobulin receptor) has been implicated to play a 
role in placentation. Thus, the role of HLA along with other immune cells may be 
implicated in maintaining pregnancy as well as at time in leading to pregnancy 
complications. 

2.1 HLA-G in immune modulation during pregnancy 

Among the non-classical HLA class Ib genes HLA-G is the most studied 
because of its role in immune modulation during pregnancy and its association 
with complexities like pre-eclampsia and recurrent spontaneous abortion in 
pregnancy [14]. 

2.1.1 Structure and expression of HLA-G 

The non-classical class Ib HLA-G gene is situated near to the classical class Ia 
HLA-A gene on chromosome 6 and is also greatly homologous to it. The HLA-G 
gene comprises of seven intronic regions and eight exonic regions. The exon 1 codes 
for the signal peptide. The exons 2–4 code for the external part of HLA-G molecule 
which consist of three parts viz. α1, α2 and α3 domains, exon 5 encodes for the 
transmembrane region, where as exon 6 and a very short part of exon 8 encode for 
the cytoplasmic tail of the HLA-G molecule. The HLA-G gene is translated into a 
38 kDa protein having similar structure as that of HLA class I antigens. It consists 
of a heavy chain that binds a light chain β2-microglobulin a protein coded by a gene 
on chromosome 15. The α1 and α2 extracellular domain of heavy chain form the 
peptide binding groove [15]. 

The HLA-G antigen has seven splice variants (HLA-G1-HLA-G7) as a result 
of alternative splicing event of the mRNA from the single HLA-G gene, of which 
HLA-G1 is the full length variant and the rest are formed by out-splicing of 
exons. Out of the seven isoform HLA-G1, HLA-G2, HLA- G3 and HLA-G4 are 
membrane-bound and the remaining three i.e., sHLA-G5, sHLA-G6 and sHLA-G7 
are soluble isoforms [16]. The coding region of HLA-G gene shows meagre poly-
morphism but the polymorphisms that are present are equally shared by introns 
and exon 2, 3 and 4. Most of these polymorphism do not modify the protein 
sequence and those which do modify the protein sequence permit to be grouped 
in major allele groups like G*01::xx, G*01:02, G*01:03: xx, G*01:04: xx, G*01:05 N 
(null allele), G*01:06, and G*01:07 to G*01:18. Overall there are 61 alleles and 19 
protein groups representing an amino acid substitution have been delineated in 
the HLA-G gene sequence [WHO Nomenclature Committee for factors of the 
HLA System and the International Immunogenetics Information System (IMGT)/ 
HLA Database] [15]. 

HLA-G expression was first reported on human non-villous cytotrophoblast 
cells [17]. Its expression is stringently confined to certain cells, being largely 
expressed in extravillous cytotrophoblast cells. HLA-G5 a soluble variant is present 
throughout the placenta, within the chorion membrane, maternal blood and the 
decidua [18]. Apart from placental expression soluble HLA-G proteins are pres-
ent in peripheral blood of pregnant women, non-pregnant women and men. The 
presence of sHLA-G in the blood of non-pregnant women indicates that it may play 
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an important role in reproduction even before conception. Soluble HLA-G is also 
found in follicular fluid, fertilized oocyte and in male reproductive tissue including 
semen [14]. HLA-G presence can also be detected in tissues like thymic medulla, 
cornea, pancreas and in human mononuclear phagocytic cells [53]. Its expression 
can be stimulated in condition following transplant, viral infections, autoimmune 
diseases and tumors [19]. 

2.1.2 HLA-G polymorphism 

Both coding and non-coding regions of HLA-G gene display polymorphism. 
Exonic polymorphism may affect biological function such as binding of peptides 
or production of isoforms; whereas intronic polymorphism may influence the 
expression of the gene. Codon 31, 35, 57 and 69 of Exon 2 and codon 93, 107 and 110 
of exon 3 coding region display majority of the polymorphism. A large number of 
SNPs (single nucleotide polymorphism) have been found in the non-coding region, 
including the promoter region at 5′UTR (untranslated region) and the 3′UTR. Some 
of these polymorphisms located near the regulatory element have an impact on the 
binding of the corresponding factors. 

A 14 bp deletion/insertion have also been reported in the 3′UTR region of exon 
8. These 14 bp del/ins are suspected to affect the size and stability of the mRNA 
transcripts. It was noticed by Rousseau et al. that a 14 bp insertion of sequence 
(5′-ATTTGTTCATGCCT-3′) lead to deletion of 92 bp sequence in the 3′UTR 
region, thereby resulting in production of more stable transcript. Few polymor-
phisms that may also effect the stability of mRNA transcripts, including the SNPs 
located at the position +3142 (C/G) and at +3172 position (G/A) in the 3′UTR 
region [19]. 

2.1.3 Immune modulation by HLA-G during pregnancy 

Approximately 40% of the decidual tissue comprise of maternal immune cells at 
the beginning of pregnancy. Majority of these immune cells are natural killer (CD56 
bright 16−) cells which are distinct from the NK cells (CD56 dim16+) present in the 
peripheral blood as the decidual NK cells have reduced cytotoxic activity. Also the 
decidual NK cells have a higher expression for genes encoding for integrins, lectin-
like receptors, KIR (killer-immunoglobulin like receptors) and cytokines. Along 
with the presence of NK cell decidual tissue also show the presences of macro-
phages, T lymphocytes and dendritic cell [19, 20]. 

The trophoblast cells of the embryo express HLA-G antigen since the beginning 
of the first trimester and are present till the end of pregnancy. The interaction of 
HLA-G protein at the feto-maternal interface with the immune cell of the decidua 
ensures the foetal tolerance by inhibition of cytotoxic activity of NK cells and CD8+ 
T cells, suppressing the proliferation of alloreactive CD4+ T cells, suppressing the B 
cell activity, leading to the secretion of Th2 cytokines and stimulation of regulatory 
T cells (Treg) [19]. 

HLA-G intercedes its immunosuppressive activity by interaction of alpha 1 
domain with inhibitory receptors expressed on immune cells. Leukocytes express 
inhibitory receptors like immunoglobulin-like transcripts (ILT)-2, ILT-4 and 
KIR. CD4+ and CD8+ T cells, B cells, monocytes, macrophages and myeloid 
dendritic cells (DC) display ILT-2, interact with only heterodimers of HLA-G1 or 
sHLA-G5 and ß2m. ILT-4 displayed by monocytes, macrophages and myeloid DC’s 
have the capability to also interact with monomers of HLA-G whereas the NK cells 
interact through the KIR2DL4 expressed by them [19] (Figure 1). The interaction 
of these immune cells like decidual NK cells, CD4+ and CD8+ T cells which are 
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Figure 1. 
HLA-G molecules expressed by the trophoblast cells interact with the inhibitory receptor KIR2DL4 expressed 
by the NK cells, ILT-2 (Ig-like transcript 2) expressed by NK cells, CD4+ and CD8+ T-cells and B-cells, and 
ILT-2 and ILT-4 expressed by macrophages and dendritic cells. The interaction of the HLA-G with its cognate 
receptors leads to immune tolerogenic effect thereby leading to the acceptance of the foetus by the maternal 
immune system. 

HLA-G negative cells with trophoblast cell expressing HLA-G molecule leads to 
the acquisition of HLA-G molecule by immune cells thereby making them HLA-
G+ cells through a process called as trogocytosis. Trogocytosis is a mechanism by 
which surface molecules may be transferred from one cell to another via cell to cell 
contact. The acquisition of the HLA-G molecule by these immune cells contributes 
to an immune suppressive milieu without them expressing HLA-G molecule, but 
only temporarily displaying it [21]. The acquiring of the HLA-G molecule by the 
decidual NK cells is preceded by a cycle of internalization, degradation and reacqui-
sition of HLA-G. This cycle helps NK cells to maintain both tolerance and immune 
function [20]. 
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2.1.4 HLA-G and pregnancy disorders 

Abnormal placentation and immunological interaction at the feto-maternal 
interface are believed to play very crucial role in placenta-mediated complication of 
late pregnancy (viz. pre-eclampsia, foetal growth restriction, still birth and placen-
tal abruption) and foetal rejection in some pathological pregnancy, respectively. 
Deficient level of HLA-G expression and polymorphisms at HLA-G loci are known 
to be correlated to pregnancy complication especially pre-eclampsia and recurrent 
miscarriages (RM). 

Pre-eclampsia is a pregnancy disorder which is clinically evident in the late 
second and third trimester of pregnancy [19]. It is characterised by high blood 
pressure, proteinuria and oedema associated with organ damage and prematurity. 
It is known to be a major cause of perinatal deaths, premature births and intra-
uterine growth restriction with an occurrence of 5–10% of all the pregnancy [22]. 
Though the major cause is unknown, various studies suggest that it may be related 
to maladapted immune system, with low levels of immune regulatory cell and low 
expression of HLA-G molecules [23]. The development of pregnancy has been 
strongly associated with level of soluble HLA-G molecules in the maternal blood. 
Maternal serum with higher levels of sHLA-G has been identified in females with 
successful pregnancy when compared with pre-eclampsia patients [24]. Lower 
sHLA-G levels in the maternal blood, with down regulated HLA-G and decreased 
proportion of HLA-G+ cells have been identified in patients with preeclampsia 
and are thought to be are strongly associated with preeclampsia [24–26]. The 
14 bp ins/del in the 3′UTR of region exon 8 have been extensively studied, and it 
has been reported to be related to severe pre-eclampsia [15]. But on the contrary, 
there are studies which have reported no significant association of the 14 bp 
polymorphism with preeclampsia [24–26] implicating that differences in the 
ethnic population should be considered for the association between HLA-G 14 bp 
polymorphism and serum sHLA-G level. The SNP at position +3172 (G/A) leading 
to decreased in mRNA stability has been linked to pre-eclampsia [19]. Steinborn 
et al. reported that women with soluble HLA-G levels lower than 9.95 ng/ml have 
a risk of 7.1 for developing placental abruption during pregnancy as compared to 
healthy women [3]. 

Recurrent spontaneous abortion (RSA) is defined as the loss of two or more 
consecutive pregnancy with the same partner [27]. The major causes of RSA are 
considered to be chromosomal abnormalities, anatomical anomalies and endocrine 
disorders along with immunologic dysfunction [28]. Many studies have reported 
increased occurrence of HLA-G allele homozygous for 14 bp ins in women with RSA 
[19]. Also, a study has reported that decreased expression of HLA-G suppresses the 
function of decidual NK cells and thereby may lead to RSA [28]. SNPs−1573T>C 
and −1746C>A in the promoter region of HLA-G gene are shown to be associated 
with RSA [29]. As the level of sHLA-G is known to be associated with the preg-
nancy complication, the measurement of sHLA-G protein may be useful in primary 
diagnosis for the pathogenesis of pregnancy complications. 

2.2 Role of HLA-C and KIR during pregnancy 

Health of a foetus during pregnancy depends on the supply of nutrients and 
oxygen to the placenta. During placentation the foetal trophoblast cells infiltrate 
into the uterine wall, transforming the spiral artery (maternal artery supplying 
blood to the placenta) into a high-conductance vessel, thereby increasing the 
blood flow to about 100 folds [30]. This transformation allows adequate time for 
gas exchange and also provides sufficient nourishment to the foetus. Defective 
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infiltration of the trophoblast cells into the uterus leads to failure in arterial conver-
sion, thereby leading the arterial blood to squirt into the intervillous space from the 
non-transformed arteries causing impairment of the villous tree (placentation). 
The impaired placentation leads to reduced transport of oxygen and starving of the 
foetus. The clinical manifestation of this failure may result in disorders such foetal 
growth restriction (FGR), preeclampsia, recurrent miscarriage (RM), unexplained 
still birth, placental abruption and preterm labour [31, 32]. 

The uterus shows abundance of decidual natural killer cells (NK cells) and 
thus, is thought to be involved in placentation and thereby in foetal development. 
Placenta is the site at which maternal allorecognition of the foetus takes place, 
wherein the foetal extra villous trophoblast cells (EVTs) encroach and unify with 
the maternal immune cells. Interaction of maternal KIR present on the uterine NK 
cells and its corresponding ligand, HLA-C which is the only classical HLA class I 
antigen expressed on the trophoblast cells of the foetus are claimed to regulate the 
process of placentation. 

There are approximately 14 different KIR genes existing in a linear array in the 
leukocyte receptor complex (LRC) on chromosome 19q13.4. KIRs are differentiated 
on the basis of number of extracellular Ig-like domain (2 or 3) and cytoplasmic tail 
(long or short). They are known to regulate the activity of NK cells, either confer-
ring them with an inhibitory or activating signal. Interaction of KIR with a long 
cytoplasmic tail (e.g., KIR2DL1) with its corresponding ligands leads to generation 
of an inhibitory signal, where as those having a short tail (e.g., KIR2DS1) results in 
activation of NK cells. 

The activating and inhibitory genes are differentiated into two haplotype A and 
B. The KIR A haplotype is the most frequently occurring haplotype and consists of 
six inhibitory genes. The KIR B haplotype consist of gene which are more variable 
in their genetic content and are mostly activating KIR. Hence an individual’s KIR 
genotype can be designated as “AA”, “AB”, and “BB”. 

The most important ligand for KIR is the HLA-C molecules, and there are 
approximately 4000 alleles of HLA-C. The HLA-C are differentiated into two 
distinct group by KIR, i.e., HLA-C1 and HLA-C2 [33]. HLA-C molecules with 
amino acid asparagine (Asn) at position 80 belong to HLA-C1 group, where as those 
with amino acid lysine (Lys) at the 80th position belong to group C2 of HLA-
C. KIR2DL2/3 (inhibitory receptor) interacts with HLA-C1 allotype and KIR2DL1 
and KIR2DS1 act as receptors for HLA-C present in C2 group [34]. 

Existence of KIR B haplotype in mother confers protection from pregnancy 
complications, where as its absence may increase the risk of complications [35]. The 
KIR B haplotype consist of activating KIR2DS1 receptor, which on interacting with 
its cognate ligand induces the NK cells to secrete granulocyte-macrophage colony 
stimulating factors and other chemokines known to promote placental trophoblast 
invasion. It also consists of KIR2DL1*004 which is the most common inhibitory 
KIR2DL1 allele on the B haplotype, and is known to have a weak interaction with 
HLA-C2 allotype as compared to alleles present on KIR A haplotype [36]. On the 
contrary, mothers homozygous for KIR A haplotypes (KIR “AA” genotype), with 
foetus having an additional C2 copy as compared to mother (i.e., mother C1/C2 
with foetus C1/C2 or mother C1/C2 with foetus C2/C2), that to when the extra copy 
is of paternal origin are at an increased risk of having a complicated pregnancy [6]. 
As mothers with KIR AA haplotype have two copies of inherited inhibitory KIR for 
HLA-C2 allotype i.e., KIR2DL1, thus when the mothers uterine NK cells possessing 
KIR AA genotype interact with foetal trophoblast cells expressing HLA-C2 allotype, 
it induces a strong inhibitory effect on NK cell which is one of the reasons for 
defective placentation and in turn for various pregnancy related complications [37] 
(Figure 2). 
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Figure 2. 
Model for maternal KIR/foetal HLA-C interaction at the placentation site. The figure depicts foetus 
homozygous for HLA-C2 group with one paternally inherited HLA-C2 molecule. If the mother possesses 
KIR AA genotype, then the inhibitory KIR2DL1 receptor will interact with HLA-C2 molecule expressed by 
trophoblast cells leading to strong inhibition of uterine NK cells thereby resulting in defective placentation. On 
the contrary if the mother possess KIR AB or BB genotype, the activating KIR2DS1 receptor present in the KIR 
B haplotype interacts with HLA-C2 molecule expressed by trophoblast cells stimulating the of uterine NK to 
produce cytokines such as GM-CSF thereby resulting in normal placentation. 

2.3 Clinical impact of H-Y alloimmunity in secondary recurrent miscarriages 
(SRM) 

H-Y antigens are a class of minor histocompatibility antigens (mHAs), encoded 
on Y-chromosome are omnipresent in male cells including foetal and trophoblast 
cells. H-Y antigens exhibit a large amount of similarity to H-X antigen encoded on 
the X-chromosome, but they possess few distinct regions which make them highly 
immunogenic in nature. The H-Y alloimmunity has turned out to be, one of the 
potential reasons for SRM during pregnancy. 

SRM is defined as three or more consecutive miscarriages following a successful 
pregnancy as compared to primary recurrent miscarriage (PRM), which is charac-
terized by three or more miscarriages without a previous successful birth. PRM is 
supposed to be caused because of chromosomal defect along with improper implan-
tation of the embryo, whereas SRM are more probably caused due to immunological 
responses [38]. 

Generally, during pregnancy the cellular and humoral anti-HY immune 
response is well tolerated by the foetus, but in minority of cases the H-Y alloim-
mune response may lead to complications during early or late pregnancy. It has 
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been implicated that pregnancy with a male foetus results in the development of 
alloimmune response towards the H-Y antigen by mother’s immune system, thereby 
predisposing the mother to SRM and also impacting the prospect of subsequent 
pregnancy negatively in terms of perinatal complications and live birth [38, 39]. 

The presence of H-Y restricted HLA alleles along with H-Y antibodies, have 
also been related to the development of SRM and other pregnancy complications 
[38, 40]. The term “H-Y restricting HLA” is utilized to describe HLA alleles docu-
mented till date, which functionally exhibit H-Y peptides. H-Y restricting HLA 
alleles include the following HLA class I alleles: HLA-A*01, HLAA*02, HLA-B*07, 
HLA-B*08, HLA-B*52, HLA-B*60 and HLA class II alleles: HLA-DRB1*15, -DQB1* 
0501/2, -DRB3*03. 

Possessing a HY restricting HLA class II alleles substantially decreases the 
prospect of live birth in patients with SRM and firstborn boys as compared to those 
with firstborn girl. It is implicated that the prospect of live birth decreases in a dose-
response fashion with increasing number of maternal HY-restricting HLA class II 
alleles in patients with firstborn boys [40]. Maternal possession of HY restricting 
HLA class II alleles also reduces the long-term chance of live birth in females with 
SRM [41]. Whereas a mother homozygous for HLA-G 14 bps ins and carrying HY 
restricting class II alleles are predisposed to SRM with the first born boy and also 
negatively affect the birth weight of the boy [42]. 

In a study, antibodies against both HLA and H-Y antigens during early preg-
nancy were significantly higher in SRM females as compared to females with 
normal pregnancy. The prevalence of these antibodies were associated to low 
subsequent live birth rate whereas the existence of anti H-Y antibodies were related 
to low male/female ratio in subsequent live births [40]. The male: female ratio for 
SRM was observed to be 1.49 prior to miscarriages and 0.76 subsequent to miscar-
riages in a 20 years cohort study [38]. Thus, implicating H-Y antibodies in prevent-
ing implantation or successful gestation of male foetus. Considering H-Y antibodies 
as one of the factors responsible for SRM, IVIG (intravenous immunoglobulin) 
infusions are commonly used as treatment to neutralize the circulating antibodies, 
and it has been shown to improve the birth rates in patients with SRM [38]. 

3. Rh alloimmunization 

The rhesus (Rh) blood group system comprises of more than 50 independent 
antigens and is highly polymorphic of the human blood group [43]. Following ABO, 
Rh blood grouping system is clinically important in transfusion medicine. The 
common Rh antigens are D, C or c, and E or e. Of which the D-antigen is greatly 
immunogenic and stimulates an immune response in 80% of person negative 
for D-antigen, when transfused with a D-antigen positive blood [44, 45]. Thus, 
D-antigen typing is routinely performed on every blood donor and transfusion 
recipient in order to avoid clinical complications due to mismatched transfusions. 
On the contrary, even with the use of anti-D immunoglobulin prophylaxis, there is 
still occurrence of D-alloimmunization in pregnancy. 

D-alloimmunization (Rh alloimmunization) in pregnancy occurs due to incom-
patibility of D-antigen between the mother and the foetus. Generally, an individual 
is categorized as Rh-positive if they show an expression of Rh D-antigen on the 
erythrocytes, and Rh negative if there is no expression of D-antigen on the eryth-
rocyte surface [46]. The Rh alloimmunization becomes clinically substantial when 
an Rh negative mother carries a foetus which is Rh-positive. The incompatibility of 
Rh antigen leads to sensitization of mother to the D-antigen, and also to the produc-
tion of anti-D antibodies, which can adhere to and possibly lead to destruction of 
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Rh-positive erythrocytes of foetus. Nevertheless, the Rh incompatibility typically 
does not have an adverse consequence on the initial pregnancy as the foetus is 
delivered prior to the development of anti-D alloimmune response [47]. Although, 
it may also occur during the initial pregnancy due to spontaneous antenatal mixing 
of the foetal and maternal blood. In some instances such as miscarriage, abortion, 
trauma, childbirth and invasive prenatal diagnosis viz. chorionic villous sampling, 
amniocentesis, and pregnancy related uterine curettage may lead to feto-maternal 
haemorrhage thereby causing maternal exposure to foetal blood and consequently 
leading to alloimmunization [48]. The risk of Rh D immunization is estimated 
to be 1.5–2% in sensitized women following spontaneous miscarriage and 4–5% 
after dilation and curettage [49, 50]. Once the mother has been alloimmunized, 
subsequent pregnancies are at an increased risk, for the development of haemolytic 
disease of the new born (HDN) if the foetus is incompatible i.e., Rh-positive [45]. 
The diagnostic and clinical management of HDN is described in Section 4.1. 

4. Disease caused due to alloimmunization in pregnancy 

4.1 Haemolytic disease of foetus/newborn (HDFN) 

Alloantibodies against the Rh antigen are the most common reason for intensive 
haemolytic disease in the neonates. Although the rate at which clinically signifi-
cant HDFN occurs is relatively low viz. 3/100,000–80/100,000 live births [51]. 
In comparison to Rh antigen, alloantibodies to Kell (K and k), Duffy (Fya), Kidd 
(Jka and Jkb), and MNSs (M, N, S, and s) antigens, are also known to lead severe 
haemolytic disease in the foetus [52]. Although over 50 different non-ABO red 
cell surface antigens are thought to be involved in leading to HDFN, but the most 
relevant and significant alloantibodies causing HDFN are anti-RhD [44], anti-Rhc, 
and anti-Kell (K1) [53]. HDN due to Kell alloimmunization results in haemolysis 
and direct inhibition of erythropoiesis by Kell antibodies, as the Kell antigen is 
expressed on the surface of erythroid progenitor [6, 54]. Alloimmunization due to 
anti-Kell antibodies results in critical foetal disease even at lower maternal antibody 
titre than in Rhesus disease [6]. ABO incompatibility also causes HDN, but it occurs 
exclusively in mother with type-O blood with foetus having type-A or type-B blood. 
1% of the type-O mothers possess a high titre of IgG antibodies against both A and 
B antigens. They cross the placental barrier and lead to haemolysis. Mothers with 
type-A or type-B antigen have the occurrence of IgM antibodies which are incapable 
of crossing the placental barrier thus have no role in alloimmunization during 
pregnancy [6]. 

A neonate delivered by an alloimmunized mother displays clinical indica-
tion based on the severity of the disease. General indications are jaundice, pallor, 
hepatosplenomegaly, and foetal hydrops in severe cases. Neonates with HDN very 
frequently suffer anaemia due to destruction of RBCs by reticuloendothelial system 
and in some due to intravascular destruction. Rarely conjugated hyperbilirubine-
mia is suffered by the neonate due to placental or hepatic dysfunction with severe 
haemolytic disease. 

Foetal anaemia can be diagnosed using ultrasound, cardiotocography and 
cordocentesis [48]. High resolution ultrasonography has supported in early diag-
nosis of early hydrops and has also lowered the foetal trauma and fatality rate 
to approximately 2% while performing percutaneous umbilical blood sampling 
(PUBS) and placental trauma during amniocentesis. Rh and ABO alloimmunization 
can be diagnosed using indirect Coombs test and direct antibody test [6]. Currently 
in order to prevent alloimmunization in mothers having maternal and foetal Rh 
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incompatibility Rh immunoglobulin (RhIG) is administered at the 28th week of 
pregnancy. This has critically helped in reducing the instances of HDFN due to 
anti-D alloantibody [6, 55]. Postnatal HDFN treatment consists of intensive photo-
therapy and exchange transfusions to treat severe hyperbilirubinemia and top-up 
transfusions to treat early and late anaemia [56]. 

4.2 Foetal/neonatal alloimmune thrombocytopenia (FNAIT) 

Maternal alloantibodies against foetal human platelet antigens (HPA) cause 
FNAIT. It is comparatively an infrequent condition occurring in 1–800/2000 live 
new born. The alloantibodies are IgG antibodies against the paternal HPA antigens 
and are responsible for destruction of platelets in the foetus or the newborn. Almost 
80% of the instances of FNAIT are a consequence of maternal and foetal incompat-
ibility to HPA-1a, the rest 20% results from incompatibility to HPA-5b on GPIa and 
other HPAs [57]. In addition to HPA antigens, antibodies against CD36 glycoprotein 
a member of class B scavenger receptor family [58] is also implicated in the causal of 
FNAIT. A case study reported, maternal deficiency in expression of CD36 protein 
lead to maternal immunization against CD36 protein (anti-NAK) [59]. The clinical 
impact of NAIT is related with maternal immunization against CD36 is analogous to 
that observed in infants affected by HPA specific antibodies [60]. 

Alloantibody production by maternal immune system requires the presentation 
of antigen to maternal T-cell through HLA class II molecules. It was reported that 
HPA-1a alloimmunization is mediated by interaction of HPA-1a peptides to HLA 
DRB3*01:01 molecule [57, 61]. This may be a consequence of feto-maternal haemor-
rhage, which can happen during delivery or abortion, as a consequence of platelet 
leakage into maternal circulation [62]. Maternal IgG alloantibody thus formed is 
progressively transported to the foetus through the neonatal Fc receptor, whereas 
the IgA and IgM are not transported as there are no specific receptors for them. 
Once through the placenta, the maternal alloantibody opsonises the foetal platelets 
thereby resulting in their destruction and leading to thrombocytopenia [62–64]. 

The clinical indication of FNAIT differs from asymptomatic thrombocytopenia 
to life threatening intracranial haemorrhage (ICH) [57]. Intraparenchymal haemor-
rhage in the temporal lobe is also most often noticed in FNAIT [65]. Studies have 
also shown that antibodies against HPA-1a antigen or thrombocytopenia may also 
result in decreased birth weight and a very low weight for gestational age which 
presents a health risk later in life [66]. In many of the FNAIT instance, the illness 
presents as, petechiae, hematomas, haemoptysis, retinal bleeding and haematuria 
[57, 67]. Occasionally, the bleeding due to FNAIT is diagnosed during foetal life in 
ultrasound abnormalities [68]. Without routine screening for HPA antibodies the 
disease is mostly detected after the delivery of the first affected child. Thus, mak-
ing antenatal treatment and diagnosis possible only for subsequent pregnancies in 
order to prevent recurrence of severe FNAIT [69]. FNAIT may be diagnosed using 
antibody detection methods using serological or ELISA based techniques or by 
platelet typing using PCR-based assays. 

The immediate treatment for thrombocytopenia in case of severe bleeding 
is platelet transfusion [68, 70]. In addition to transfusion intravenous immuno-
globulin IVIG can be provided to prolong the survival of incompatible platelets 
and reduce the overall impact of thrombocytopenia [71, 72]. The most favourable 
antenatal treatment in order to prevent bleeding complications in pregnancies with 
FNAIT is non-invasive IVIG treatment on weekly basis [68]. In FNAIT resulting 
due to anti-CD36 glycoprotein intrauterine transfusions with compatible RBC and 
CD36 null platelets are useful in preventing the hazardous clinical effect of the 
disease [73]. 
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4.3 Neonatal alloimmune neutropenia (NAN) 

Neonatal alloimmune neutropenia (NAN) is a very rare disorder, but is a life 
threatening disorder of the neonates. The occurrence of NAN has been estimated to 
be 1 in 1000/6000 live births. NAN occurs due to maternal sensitization to incom-
patible paternal foetal granulocyte antigens. The maternal alloantibodies formed 
against the foetal granulocytes are transported through the placenta which thereby 
causes the destruction of foetal granulocytes [74]. 

Maternal alloantibodies against granulocyte-specific antigens HNA-1a and 
HNA-1b have been accounted widely to cause NAN. Antibodies to Fc gamma RIIb 
(CD16) and HNA-2a granulocyte antigen are infrequently involved in neonatal neu-
tropenia, if mother is HNA-1 null phenotype [74, 75]. A case study has also reported 
the involvement of HNA-4b as a causative of severe NAN [76]. 

Neutropenia in neonates is a self-limiting disorder and lasts for only few weeks, 
but in some instances, it can prevail for as long as 6 months. In the course of this 
period, neonates are at severe risk of acquiring infection [75]. Symptomatic neonate 
suffering NAN frequently present with retarded umbilical cord separation, skin 
infections, otitis media, or pneumonia within 15 days of life. Most of the infec-
tions that occur are mild, but it may at times turn severe. The fatality rate because 
of NAN has been noted to be around 5%. The severity of NAN is dependent on 
concentration and the subclass of IgG present [74]. 

The immune neutropenia correlates with granulocytes specific antibodies 
present in the serum and can be diagnosed [75] using the granulocyte agglutina-
tion test (GAT), the granulocyte immunofluorescence test (GIFT), the monoclonal 
antibody immobilization of granulocyte antigens assay (MAIGA), an assay called as 
extracted granulocyte immunofluorescence assay (EGIFA) measures the anti-HNA-
1a, -1b, and/or -2 antibodies in the sera. The use of EGIFA assay has been reported 
to improve the diagnosis and clinical management of patient suspected to have NAN 
[77]. The treatment for NAN is still a matter of discussion, but the options used for 
the management of NAN include antibiotics, intravenous immunoglobulin (IVIG), 
corticosteroids, and human granulocyte colony-stimulating factor (rhG-CSF) [78]. 

5. Conclusions 

Table 1 summarizes the implication of HLA antigens in complications related 
to pregnancy. Though it is now well identified that the HLA plays major role in 
pregnancy, placentation and immune modulation to maintain an immune-tolerance 

Disease/disorder Associated HLA allele/ 
class 

Study findings/outcomes Reference 

Rh isoimmunization HLA A3, B17, CW2 and 
DR4. 

Inheritance of HLA HLA A3, 
B17, Cw2 and DR4 increased 
the risk of Rh immunization. 

Kumar et al. 
[79] 

NAIT HLA-DRB3*0101. Presence of HLA-DRB3*0101 
restricted CD4+ cells 
specific for HPA-1a 
antigen in alloimmunized 
women. Implicates strong 
association of DRB3*0101 in 
immunization of pregnant 
women against foetal HPA-1a 
antigen. 

Ahlen et al. 
[61] 
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Disease/disorder Associated HLA allele/ 
class 

Study findings/outcomes Reference 

Reduced birth weight 
of foetus with NAIT 

Maternal anti-HLA class I 
antibodies. 

Increased level of maternal 
anti-HLA class I antibodies in 
thrombocytopenic neonates 
are associated with reduce 

Dahl et al. 
[80] 

foetal growth. 

Reproductive 
failure (recurrent 
miscarriages and 
pre-eclampsia) 

Group 2 HLA-C alleles 
(C2). 

Foetus expresses both 
maternally and paternally 
inherited HLA-C antigens. 
Substantial increase in 
the risk for reproductive 
disorders with mother 

Hiby et al. [35] 

possessing KIR “AA” 
genotype and foetus 
expressing more C2 copies 
than mother. 

Recurrent 
spontaneous abortion 

Recurrent pregnancy 
loss (RPL) 

HLA-G with 14 bp 
polymorphism and SNP 
3127(C/G) in the 3′UTR. 

−1573T > C and 
−1746C > A SNPs in the 
promoter of the HLA-G 
gene HLA-G promoter 
region haplotype 
H1(ATCCAGGTAC 
GCAA) 
H2(CTTCGAGAAC 
GCAG). 

Substantial increased 
frequencies of the genotypes 
with 14 bp polymorphism 
and the SNP3127 (C/G) in 
the 3′UTR in RSA women of 
Caucasian origin. 

SNP −1573T > C and 
−1746C > A in the promoter 
region of HLA-G gene are 
associated with RPL H1 is 
associated with a decreased 
and H2 is associated with an 
increased risk of RPL. 

Larsen et al. 
[81] 

Yazdani et al. 
[29] 

Pre-eclampsia HLA-G with 14 bp 
polymorphism. 

Increased frequencies of 
the +14 insertion/deletion 
HLA-G genotype of 
offspring were associated 
with severe and early onset 
of pre-eclampsia in Chinese 
population. 

Zhang et al. 
[82] 

Secondary recurrent 
miscarriage 

HY (male specific minor 
histocompatibility 
antigen). 

Aberrant maternal immune 
response against foetal 
HY antigen play a role 
in secondary recurrent 
miscarriage and other 
pregnancy complications. 

Christiansen 
et al. [40] 

Still birth HY-restricting HLA class 
II alleles. 

Maternal carriage of 
HY-restricting HLA class II 
alleles decreases long-term 
chance of live birth in women 
with RPL after a boy. 

Kolte et al. 
[41] 

Table 1. 
Role of HLA in pregnancy disease/disorders. 

state. This in turn results in foetus being well accepted by the maternal immune 
system. Alloimmunization and other pregnancy complications result due to mal-
adapted immune system when the maternal immune system is unable to maintain 
an immune tolerance state towards the foetus. 
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Edited by Hassan Abduljabbar 

Complications of pregnancy are health issues that are caused by pregnancy itself. 
Tese can happen during or afer delivery (obstetric labor complications or puerperal 
disorders). Complications can be classifed as mild, severe, immediate, or long-term 

health problems. Complications of pregnancy can cause maternal morbidity and 
mortality. Te most common causes of maternal mortality are maternal bleeding, 
maternal sepsis, hypertensive diseases, obstructed labor, and pregnancy with the 

consequence of abortion, which includes miscarriage, ectopic pregnancy, and medical 
abortion.Heath problems can develop during pregnancy, which may be directly related 

to the pregnancy itself or nonobstetric disorders, such as pregnancy complicated 
by medical diseases. One of the main complications is obstetric abnormalities that 
increase the risk of morbidity or mortality for the pregnant woman and her fetus. 
High-risk pregnancy is an indicator of a maternal complication during pregnancy. 
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