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Preface

Despite recent advances in obstetric medicine, pregnancy complications and adverse birth
outcomes are a growing public health concern and economic burden on the healthcare sys-
tem. More than 10% of the global burden of disease is due to pregnancy complications and
adverse birth outcomes. This book will focus on pregnancy complications and birth out-
comes, from the aspects of gestational age; environmental, genetic, epigenetic risk factors,
and delivery room management.

Chapter 1 is the introductory chapter. The chapter outlines environmental, genetic, and epi-
genetic risk factors of pregnancy complications and adverse birth outcomes. The chapter
ends with an emphasis on epigenetic changes that modulate the long-term and transgenera-
tional health effects of prenatal environmental exposure.

Chapter 2 covers the association between gestational age and some significant pregnancy
outcomes, such as preterm birth, low birth weight, stillbirth, fetal growth restriction, and
certain chronic diseases. This chapter also discusses race and ethnicity and low birth weight.

Chapter 3 discusses on the perinatal effects and long-term influences of maternal smoking
and passive smoking during pregnancy. The first half of the chapter discusses the perinatal
and neonatal effects of maternal cigarette smoking during pregnancy. The second half dis-
cusses the effects of passive smoking, the epigenetic mechanism of adverse effect of smoking
during pregnancy, and antismoking measures.

Chapter 4 presents the results of association between FVL and the development of venous
thromboembolic complications and gestational complications such as preeclampsia, fetal
growth restriction, and miscarriage in the prospective cohort of 500 females during 2008-
2015. The found patterns can be useful in assessing the need for heparin prophylaxis for
FVL patients during pregnancy from the standpoint of personalized medicine.

Chapter 5 overviews the most relevant measures to manage respiratory distress syndrome
from the delivery room, starting from an explanation of the disease and moving toward the
most recent evidence, from the basic concepts to the most advanced techniques to monitor
fetal neonatal transition.

There are many individuals who made this book a reality. The completion of this book
would not have been possible without the efforts of numerous contributors. I would like to
thank Mr. Teo Kos of IntechOpen for his strong support from the inception to completion of
this book. I would also like to acknowledge my coauthors for their efforts.

Wei Wu

Institute of Toxicology

School of Public Health

Nanjing Medical University, China






Chapter 1

Introductory Chapter: Environmental, Genetic, and
Epigenetic Risk Factors in Adverse Pregnancy and Birth
Outcomes

Wei Wu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/intechopen.76902

1. Introduction

It is well established that pregnancy complications and adverse birth outcomes are impor-
tant public health concerns in both developed and developing countries. Prenatal develop-
ment refers to the process in which an embryo and later fetus develop during gestation. Each
pregnancy can be divided into three trimesters of approximately 3 months each. A normal,
full-term pregnancy lasts about 40 weeks. During the 40 weeks of pregnancy, the embryo and
fetus are heavily influenced by environment (Figure 1).

The human placenta is the highly specialized organ of pregnancy that is responsible normal
fetal growth and development [1]. It plays an important role in substance exchange between the
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Figure 1. The embryo and fetus are heavily influenced by environment during the 40 weeks of pregnancy.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{cc) ExgNNN
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Figure 2. Several risk factors may affect fetal growth and development during pregnancy.

mother and the fetus during pregnancy. Many chemicals can transfer across the placenta and
influence the development of the embryo and fetus [2]. The fetus is unable to detoxify substances
efficiently because of their weak capability to detoxify toxic chemicals. Additionally, there are
many different factors which can cause abnormalities of the placenta, such as environmental risk
factors [3], genetic risk factors [4], and epigenetic risk factors [5]. Several studies have demon-
strated that placental disorders are associated with pregnancy complications and adverse birth
outcomes, including gestational diabetes mellitus (GDM), preeclampsia, miscarriage, preterm
birth, stillbirth, macrosomia, and fetal growth restriction (FGR) [6-9]. The cause of pregnancy
complications and adverse birth outcomes remains largely unknown but accumulating evidence
have proved that environmental risk factors, genetic risk factors, and epigenetic risk factors may
play important roles in the etiology and susceptibility of these diseases (Figure 2).

The pathogenesis of adverse pregnancy and birth outcomes is multifactorial, involving com-
plex interactions between environmental influences, genetics, and epigenetic mechanisms.
This introductory chapter mainly discusses the evidence linking several kinds of risk factors
and adverse pregnancy and birth outcomes, such as environmental risk factors, genetic risk
factors, and epigenetic risk factors.

2. Environmental impacts on prenatal development

The environment can have an important influence on fetal development. Variety of chemicals
have been reported to be present in urine, blood, and amniotic fluid, which indicated that preg-
nant women around the world are highly exposed to chemicals [10-12]. Additionally, several
studies also have shown that a wide range of chemicals has been detected in cord blood and
fetal tissues, including bisphenol-A (BPA), phthalates, pesticides, and heavy metals [10, 13].

Environmental risk factors have a deleterious effect on prenatal development leading to prob-
lems including premature birth, stillbirth, and low birth weight [14-16]. While environmen-
tal hazards pose a definite threat to the developing fetus, they do not always cause adverse
effects. The harmful health effect of environmental risk factors is determined by the timing of
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the exposure, the dose/duration of the exposure, genetic susceptibility, and gene-environment
interactions [17, 18]. The fetus is particularly vulnerable to environmental hazards that dis-
rupt developmental processes during relatively narrow developmental periods. For example,
a birth cohort study of 1390 women found that arsenic concentrations in the third trimester,
but not in the first and second trimesters, were negatively associated with birth weight and
birth length [19]. Therefore, the timing of exposure during pregnancy is an important factor
that may influence the outcome of exposure.

Multiple environmental risk factors, such as exposure to endocrine disrupting chemicals
(EDCs), smoking, air pollution, can have a range of impacts on the health of a growing fetus
[20, 21]. EDCs have the potential to interfere with endogenous hormone action. Several stud-
ies have suggested adverse endocrine disruptive effects of EDCs on the fetus, such as miscar-
riage, low birth weight, hypospadias, cryptorchidism, and other birth defects [20, 22]. For
example, BPA is an EDC that is ubiquitous in modern environments, which provides great
potential for exposure of the developing fetus. Links between BPA and endocrine disrup-
tion has been implicated in the etiology of several kinds of adverse reproductive outcomes
[23, 24]. There is a large body of evidence showing that maternal smoking during pregnancy
and secondhand smoking exposure can result in placental problems (previa and/or abrup-
tion), miscarriage, stillbirth, premature birth, and FGR [25, 26]. However, quitting smoking
(even during pregnancy) greatly reduces the risks of these problems [25].

Although a large number of studies have examined the association between environmen-
tal risk factors exposure during pregnancy and adverse pregnancy and birth outcomes, the
molecular mechanism of environment-induced adverse pregnancy and birth outcomes is still
not fully understood. Thus, further researches are needed to investigate the molecular mecha-
nisms underlying environment-induced adverse pregnancy and birth outcomes.

3. Genetic risk factors and pregnancy complications and adverse
birth outcomes

It has been estimated that single nucleotide polymorphisms constitute approximately 90%
of all genetic variations in the human populations. Over the past few decades, a number
of epidemiologic studies, using both the candidate gene and genome-wide approach, have
examined associations between genetic variants and the risk of pregnancy complications and
adverse birth outcomes, such as GDM, preeclampsia, preterm birth, small for gestational age,
and birth defects [18, 27-30]. Several genetic loci in genes have been identified to be associated
with risks of pregnancy complications and adverse birth outcomes [27-29].

Several studies have found that gene polymorphism plays important roles in the susceptibil-
ity of pregnancy complications and adverse birth outcomes. A study conducted in the SCOPE
pregnancy cohort found that the maternal and infant FTO (rs9939609) polymorphism AA
genotype was significantly associated with increased risk of small for gestational age preg-
nancy and spontaneous preterm birth [31]. In a meta-analysis, Zhang et al. identified that
nine polymorphisms in seven genes involved in the regulation of insulin secretion were sig-
nificantly associated with risk of GDM. Among the nine polymorphisms, the rs7903146 in

3
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TCF7L2 showed the strongest association with risk of GDM [27]. The MTHFR C677T poly-
morphism as a common genetic cause for hyperhomocysteinemia was associated with hyper-
tension in pregnancy, preterm birth, and low birth weight [32, 33]. Nurk et al. examined the
association between two polymorphisms of MTHFR gene (677C > T and 1298A > C) and preg-
nancy complications, adverse outcomes, and birth defects in 5883 women of the Hordaland
Homocysteine Study. They found that the maternal carriage of the MTHFR 677C > T poly-
morphism was associated with the risk of placental abruption. However, they did not find
significant associations between MTHFR polymorphisms and birth defects [34].

Though a large number of epidemiologic studies have examined the association between
gene polymorphisms and adverse pregnancy and birth outcomes, a large portion of the
results are inconsistent. Therefore, future studies with larger sample size, genomic-wide asso-
ciation studies (GWAS), and large-scale replications of identified associations are needed to
illustrate the most significant genetic variants that associated with risk of adverse pregnancy
and birth outcomes. Furthermore, as the genetic association of a polymorphism with adverse
pregnancy and birth outcomes does not equate to a casual role, functional analysis should be
performed to identify the causal variants.

4. Epigenetics and adverse pregnancy and birth outcomes

In addition to the sequence of the genome, the contribution of epigenetics to adverse preg-
nancy and birth outcomes is increasingly recognized. Epigenetics refers to heritable changes
in gene expression patterns which do not alter DNA sequence. Epigenetics is now recognized
as playing an important role in the etiology of human disease [7, 35, 36]. The main epigenetic
mechanisms responsible for adverse pregnancy and birth outcomes are represented by DNA
methylation, histone modifications, and noncoding RNA [37].

A growing body of evidence demonstrates that aberrant epigenetic modifications are asso-
ciated with adverse pregnancy and birth outcomes [9, 38]. Using 1030 placental samples,
Reichetzeder and colleagues reported that global placental DNA methylation was signifi-
cantly increased in women with GDM [9]. In the study by Coté et al., maternal glycemia at
the second and third trimester of pregnancy is correlated with variations in DNA methylation
levels at PRDM16, BMP7, and PPARGC1a and with cord blood leptin levels [38].

The epigenetic signature inherited from the gametes is erased and established after fertiliza-
tion [39]. The requirement of a high degree of spatial-temporal coordination of epigenetic
changes during this process provides opportunities for disruption by environmental chem-
icals [40]. Unlike inherited genetic variation that is static through the course of a lifetime,
epigenetic changes are sensitive indicators of the effects of acute and chronic environmental
exposure [41]. Epigenetic mechanisms have been shown to be influenced by environmental
factors. Abnormal epigenetic modifications represent an important mechanism for environ-
mental factors influencing the risk of adverse pregnancy and birth outcomes. Exposure to
EDCs during pregnancy has been shown to influence epigenetic programming of endocrine
signaling and other important physiological pathways, thus further disrupt normal fetal
development [42, 43]. The low-dose BPA administration to pregnant mice has been found to
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cause hypomethylation at NotlI loci that is involved in brain development [44]. Recent animal
study has reported that prenatal exposure to di-n-butyl phthalate (DBP) can lead to marked
changes in the epigenetic regulation of gene expression [45].

Previous studies have demonstrated that prenatal exposure to some EDCs (such as vinclo-
zolin, methoxychlor, DBP, and DDT) may cause the transgenerational effect of adult disease
[45, 46]. In recent years, a growing body of research has spotlighted the role of epigenetic
mechanism in the transgenerational effect of prenatal exposure to EDCs [45-47]. Many of the
environmentally induced epigenetic changes can be transmitted to future generations and
associated with disease phenotypes in the unexposed individuals of subsequent generations.
It has been reported that prenatal exposure to DBP may have the transgenerational effect
of spermatogenic failure [45]. These adverse outcomes were accompanied by global DNA
hypomethylation and spermatogenesis modulator gene (Fstl3) promoter hypomethylation,
suggesting that prenatal DBP exposure can be imprinted through epigenetic alterations.
Additionally, epigenetic markers may be useful as biomarkers for environmental exposure
and disease and as potential targets for preventive and therapeutic interventions [48, 49].

This chapter puts an updated overview of the risk factors of adverse pregnancy outcomes and
birth outcomes, transgenerational effect of prenatal environmental exposure on health in later
life, and epigenetic mechanisms of environmental risk factor-induced adverse pregnancy out-
comes and birth outcomes. By this way, these observations can be used to advise pregnant
women or women of reproductive age to avoid such exposures and adopt a positive lifestyle
to protect pregnancy and normal fetal development. Overall, avoidance of potential risk fac-
tors, identification of high susceptible women, and provision of personalized medical care are
important in the healthcare management of pregnant women.

Author details

Wei Wu
Address all correspondence to: wwu@njmu.edu.cn

Nanjing Medical University, Nanjing, China
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Chapter 2

Gestational Age and Pregnancy Outcomes

Yasmin H. Neggers
Additional information is available at the end of the chapter
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Abstract

Some of the important pregnancy outcomes such as preterm delivery, growth restriction
and low birth weight (LBW) infant, stillbirth, and some long-term chronic diseases vary
by race and ethnicity but also tend to be associated with gestational age of the infant at
birth. In the United States, during the last 25-30 years, the rate of low birth weight has
increased, as has the rate of preterm delivery among both whites and blacks. Examination
of causes for these secular trends has focused mainly on changes in the distribution of
maternal age, race, and certain psychosocial factors. However, gestational age at birth is
associated with most of these pregnancy outcomes, particularly infant mortality, certain
morbidities, birth weight, and preterm birth. In this chapter, the association between ges-
tational age and some significant pregnancy outcomes will be discussed.

Keywords: gestational age, pregnancy outcome, infant mortality, preterm, growth
restriction

1. Introduction

Before illustrating the significance of gestational age at birth and pregnancy outcomes, defini-
tions and information about various terms to be used in the text will be provided.

Gestational age at birth: Is defined as the time between conception and birth of an infant. The
most common method of measuring gestational age in weeks is by calculating the time since
the last menstrual period based on datesprovided by a woman at the first prenatal visit [1]. A
normal pregnancy period is usually between 38 and 40 weeks.

Appropriate for gestational age (AGA): if the infant’s gestational age findings after birth match
the calendar age, the infant is said to be appropriate for gestational age. The weight for full-
term infants born AGA is often between 2500 and 4000 g [2].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [(cc) ExgIEN
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Small for gestational age (SGA): infants weighing less than 2500 g are considered small for
gestational age.

Large for gestational age (SGA): infants weighing more than 4000 g are considered large for
gestational age.

Low birth weight (LBW): is not a homogeneous pregnancy outcome, but, instead, is composed
of infants who are either born too early, that is, preterm birth, or too small, that is, fetal growth
restriction [3]. A LBW infant, according to the World Health Organization, is born weighing
<2500 g [4].

Preterm birth (premature birth): is the birth of a baby at fewer than 37 weeks of gestation.
Preterm birth can be spontaneous or induced [5]. Figure 1 illustrates a combination of catego-
ries of preterm birth, low birth weight, and small for gestational age infants.

Intrauterine growth retardation (fetal growth retardation or growth restriction): growth-restricted
infants or infants with intrauterine growth retardation are those born weighing less than the
tenth percentile of birth weight for gestational age, regardless of whether the weight is <2500
g. Therefore, it is possible for both preterm and growth-restricted infants to weigh less than
<2500. Thus to define IUGR or grow restriction, a birth weight for gestational age standard
with the tenth percentile birth weight defined is needed [6, 7].

Important pregnancy outcomes include neonatal mortality, stillbirth, long-term neurologic
problems, and maternal mortality [3]. Research conducted in this area indicates that many of
these outcomes are associated with length of gestation or gestational age of the infant at birth.
In the United States and other developed countries, pregnancy outcomes are much better
than those in many developing countries, where the adverse outcomes mentioned above are
increased 10-100-fold as compared to US rates [3]. However, adverse pregnancy outcomes are
generally more common in the United States than other developed countries [5, 8]. Low infant
birth weight, either due to preterm birth or intrauterine growth restriction, is attributed to much
of the infant mortality, morbidity, and increased cost of perinatal care. Data from the US Center
for Disease Control and Prevention indicates that the infant mortality rate in the United States
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Figure 1. A combination of preterm, low birth weight, and small for gestational age infants.
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Figure 2. Infant mortality rate of black versus white infants.

during the past decade has decreased by 15% [5, 7]. Wide disparity exists in both preterm and
growth restrictions among different population groups. Poor blacks, for example, have twice the
preterm birth rate and higher growth restriction than do most women [5]. The infant mortality
from 2005 to 2012 for non-Hispanic blacks decreased from 14.3 to 11.6/1000 births; thereafter
the infant mortality rate plateaued and then increased from 11.4 to 11.7 over this time period.
For non-Hispanic white infants, the rate decreased monotonically from 5.7 to 4.8/1000 births [8].
Further analyses indicate that black infants are nearly 2.2 times more likely to die than white
infants during their first year of life. The trends in cause-specific mortality for four leading causes
of infant death show that short gestation/low birth weight is responsible for the highest mortal-
ity rate/1000 births. Riddell et al. indicate that the gestational age at birth explains a large portion
of excess deaths in black infants as compared to white infants, for example, the preterm (gesta-
tional age < 37 weeks) rate is almost 50% higher in black than to white infants [8]. Also, black
infants experience nearly four times as many deaths related to short gestation and low birth
weight, making it the leading cause of infant deaths among black infants during the first year of
life [8]. See Figure 2. Thus, these results confirm that gestational age at birth is a significant factor
which affects major factors resulting in poor pregnancy outcomes such as infant mortality and
morbidity. The risk of adverse consequences declines with increasing gestational age [9].

In this chapter, pregnancy outcomes and its relationship to gestational age will be limited to
pregnancy outcomes associated with preterm birth, race and ethnicity, low birth weight, still-
birth, small for gestational age (fetal growth restriction), and certain chronic diseases.

2. Preterm births and gestational age at birth

As noted before, preterm birth is defined as infants born before completing gestational age of
37 weeks. In 2010, an estimated 14.9 million babies were born preterm, 11.1% of all live births
worldwide, ranging from about 5.5% in most European countries to 18% in some African
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countries [10]. Preterm birth also affects affluent countries, for example, the United States has
high rates and is 1 of 10 developed countries with the highest number of preterm births [10].
Preterm birth can further be subdivided on the basis of gestational age: extremely preterm
(<28 weeks), very preterm (28-32 weeks), and moderate or late preterm [32-37] completed
weeks of gestation. Since decreasing gestational age is associated with increasing mortality,
disability, and cost due to intensity of neonatal care, these subdivisions are important [7]. As
stated before, the risk of adverse consequences declines with increasing gestational age [9].
There are a variety of causes of preterm birth which can be broadly classified into (1) provider
initiated preterm birth (induction of labor or elective cesarean section) before 37 weeks of ges-
tation for maternal or fetal indications, (2) spontaneous preterm labor with intact membranes,
and (3) preterm rupture of the membranes (PPROM), irrespective of whether delivery is vagi-
nal or by cesarean section [9]. Births that follow spontaneous labor and PPROM are together
referred to as spontaneous preterm births. As indicated in most studies, approximately 25%
of all preterm births occur for maternal or fetal indications [5]. The contributions of the causes
of preterm birth to all preterm births differ by ethnic groups. PPROM most commonly is the
cause of preterm birth in black women, but spontaneous preterm birth is most commonly
caused by preterm labor in white women [11]. In most studies, about 50% of all preterm births
follow spontaneous preterm labor, and approximately 30% of preterm births result from pre-
mature rupture of the membranes. Obstetric intervention or iatrogenic preterm birth explains
much of the increase seen in preterm births [12, 13]. Also, prior spontaneous preterm delivery
is strongly associated with recurrence in the current pregnancy. An early prior spontaneous
preterm delivery is a better predictor of recurrence and is most strongly associated with sub-
sequent early spontaneous preterm delivery [14].

Ananth et al. tried to explain the reasons for the increase in preterm births over the last two
decades by using large United States vital statistics data and concluded that a large part of
increase in preterm births is explained by indicated preterm births [15]. Also a considerable
increase is associated with multiple births that occur due to the use of various assisted repro-
ductive techniques. Demographic and socioeconomic factors associated with increased risk of
preterm birth include ethnicity, the presence of indicators of low socioeconomic status, and
extreme maternal age among other factors [9]. A country-based study conducted in Italy showed
an association between preterm birth and certain maternal outcomes as BMI, employment, pre-
vious abortions, previous preterm delivery, and previous cesarean section [16]. Some researchers
believe preterm labor to be a syndrome initiated by multiple mechanisms, including infection or
inflammation, utero-placental ischemia or hemorrhage, stress, and other immunologically medi-
ated processes [11, 17]. A more concise mechanism is difficult to establish in most cases; therefore
factors linked with preterm birth have been analyzed to explain preterm labor. Since many of
the risk factors result in systemic inflammation, increasing infection or inflammation pathway
might explain some of the variance in increase in preterm births associated with multiple risk
factors [18]. Maternal BMI is an important risk factor for preterm birth and is of public health
importance independently. Some researchers have shown an increase in preterm birth with low
BMI or BMI <18.5 kg/m? [19-21]. Others support an increase in provider initiated preterm birth
with increasing BMI [22, 23]. Cole-Lewis et al. suggest that there is evidence that pregnancy-
specific stress is associated with preterm birth. They examined this relationship by measuring
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pregnancy-specific stress measured in the second and third trimesters in 920 black and/or Latina
young women. Their findings emphasize the importance of measuring pregnancy-specific stress
across the pregnancy. The longitudinal change from the second to third trimesters was signifi-
cantly associated with the length of gestation measured both as a dichotomous variable (preterm
birth) and a continuous variable. The results of the Cole-Lewis et al. study indicate that change
in pregnancy-specific stress between the second and third trimesters was significantly associ-
ated with increased risk of preterm delivery and shortened gestational age, even after adjusting
for important biological, behavioral, psychological, and sociocultural risk factors [24]. Figure 1
depicts the sequelae of preterm birth.

3. Race and ethnicity and low birth weight

There is a strong association between both growth restriction and prematurity in newborns
in women who belong to various ethnic and racial groups. Reasons for this association are
not clear. In the United States, the rate of preterm birth in black women is about twice that
of women from most other racial or ethnic groups. Similarly, black women are three to four
times more likely to give birth to a very early preterm infant as compared to other racial
groups [5, 25]. Women from South Asia and especially the Indian subcontinent have very
high rates of growth restriction and low birth weight. In the United States, among all the
groups, in black women the relationship between gestational age at birth of an infant and a
particular pregnancy outcome, that is, low birth weight due to preterm, is very high, and to
date this very high-preterm birth rate in black women is mostly unexplained.

4. Low birth weight and gestational age at birth

Infants born weighing <2500 g who are either born too early, that is, preterm birth, or too
small, that is, fetal growth restriction, are referred to as low birth weight (LBW). LBW is an
established factor associated with increased risk of infant mortality and morbidity, also a rec-
ognized proxy for maternal health [26, 27]. Garcia et al. have shown that after controlling for
maternal age, parity, smoking, and maternal BMI, a significant difference was noted in infant
mean birth weights and gestational age and hence rate of preterm birth between British and
Indian, Pakistani, and Bangladeshi infants. This study confirms the evidence that South Asian
women typically give birth to infants of lower birth weight than white British women, and a
large variance in birth weight can be explained by a shorter gestational age in Indian mothers
as compared to white British mothers [28]. One of the success stories in the United States and
other developed countries is the improved survival in very LBW infants over the last three
and a half decades. The survival for infants weighing between 500 and 1000 g in 1975 was
approximately 15%. At present, survival for the same group of infants is 80%. Improvement in
survival for infants born weighing between 1000 and 2500 g is also impressive. Approximately
60% of neonatal mortality is seen in newborns weighing <1000 g when the distribution of neo-
natal mortality by birth weight group is looked at [5].
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The distribution of newborn the decreased rate of LBW in the United States is not seen across
all 50 states. Some places like Washington DC and other mostly relatively poor southern states
currently have a much higher rate of LBW rate than that of the United States (7.1%). The latest
2017 Alabama Kids Count Data Book, noted mixed results Statewide for children from 2005 to
2015 [29]. In Tuscaloosa County, Alabama, though the number of LBW babies has decreased
from 12.6% during the last 10 years, the percentage is still higher than the state average of
10%. Unfortunately, the improvement in infants weighing between 1000 and 2500 g is not due
to improvement in factors related to increased gestational age or reduction in rate of preterm
birth. Highly sophisticated instruments and techniques are responsible for survival of these
low and very low birth weights, without improving the factors associated with low birth
weight, for example, increased length of gestation.

There are several long-term outcomes associated with low birth weight. The most common
among them are neurological outcomes such as blindness, cerebral palsy, deafness, and hydro-
cephaly and several severe respiratory difficulties because of the poor lung development due
to a short gestation. As indicated before, the earlier the gestational age and lower birth weight,
the greater the risk for all complications and especially cerebral palsy [5, 7].

5. Stillbirth and gestational age at birth

The relationship between stillbirth and LBW and hence gestational age at birth of the infant
is not studied frequently [30]. In the United States, approximately half of all still births occur
at <28 weeks of gestational age. The other one-third occurs between 28 and 36 weeks of gesta-
tion [31]. Therefore, somewhere between two-thirds and three-quarters of all still births are
mostly LBW and preterm. Thus both fetal growth restriction and preterm birth are significant
risk factors for still birth. The risk of stillbirth after 32 weeks of gestation increases with gesta-
tional age, and half of these late fetal deaths occur at term [32]. Rosenstein et al. [33] and other
researchers have reported that the risk of stillbirth at term increases with gestational age from
2.1/10,000 ongoing pregnancies at 37 weeks of gestation up to 10.8/10,000 ongoing pregnan-
cies at 42 weeks of gestation. Also, at each gestational age beyond 38 weeks of gestation, the
mortality risk of expectant management is higher than the risk of delivery, thus 39 weeks of
gestation, 12.9 compared to 8.8/10,000; 40 weeks of gestation, 14.9 compared with 9.5/10,000;
and 41 weeks, 17.6 compared with 10.8/10,000.

6. Fetal growth restriction and gestational age at birth

One of the major purposes of antenatal care is assessment of fetal growth. Caregivers need
to distinguish between fetuses which are smaller than expected growth in utero; while some
fetuses are constitutionally small, others have failed to meet their growth potential, that is, they
are growth restricted (small for gestational age). While in the United States and other affluent
countries, severe growth restriction is not common, the consequence of it not being recognized
may include severe morbidity and in some cases even perinatal death [34]. According to the
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Child Health Epidemiology Reference Group (CHERG) dataset which uses INTERGROWTH-
21st standard, in 2012, an estimated 23.3 million or 19.3% infants were born small for gestational
age in low- and middle-income countries [35]. Among these, 11.2 million were term and not
LBW, 10.7 million were term and LBW, and 1.5 million were preterm. Also, in these low- or
middle-income countries, an estimated 606,500 neonatal deaths were attributed to infants born
too small for gestational age, 21.9% of all neonatal deaths. The prevalence in South Asia was
highest. About 34% and approximately 26 of neonatal deaths were due to infants born too small
for gestational age or growth restricted. Thus, in low- and middle-income countries, about one
in five infants is born small for gestational age (as compared to 16% among blacks and 9% SGA
in 200 in the United States), and one in four deaths is among such infants [36]. Growth restric-
tion in infants can be due to many factors including poor maternal nutrition, maternal infec-
tions, congenital defects, smoking, and placental conditions [36]. SGA can also arise from genetic
predisposition to small size. The genetic and constitutional contributions to SGA are generally
small relative to the other factors mentioned above, particularly in low- and middle-income con-
texts. Infant survival strategies should direct resources toward leading causes of infant and child
mortality, with attention focusing on infectious and neonatal causes. More rapid decrease from
2010 to 2015 will require accelerated reduction for most common causes of death, particularly,
preterm and growth-restriction complications. Last but not least, gathering of high-quality data
and enhanced estimation methods will be very useful for future estimates [37].

7. Chronic diseases and low birth weight and gestational age

Recently there have been many studies on the relation of LBW and gestational age at birth to
the development of long-term chronic conditions, such as hypertension, diabetes, and heart
disease. Termed as the Barker hypothesis, proposed in 1990 by the British epidemiologist
David Barker that intrauterine growth retardation, low birth weight, and premature birth have
a causal relationship to the origins of hypertension, coronary heart disease, and noninsulin-
dependent diabetes [38]. Although its existence is controversial, it is supported by several epi-
demiological studies [39, 40].

8. Summary

The important pregnancy outcomes associated with gestational age at birth include both fetal
and neonatal deaths, postnatal death, and short-term morbidities such as the respiratory distress
syndrome and necrotizing enterocolitis. The long-term morbidities such as deafness, blindness,
hydrocephaly, mental retardation, and cerebral palsy are among other chronic diseases discussed
before. Many investigators use preterm birth (associated with gestational age) and growth restric-
tion as an intermediate outcome measure for serious morbidity or mortality, that is, the goals of
reducing growth retardation, preterm delivery, or length of gestational age are worthwhile only
if they reflect reduction in morbidity and mortality. Thus, in some circumstances, if handicap or
death is avoided, delivering an infant early is not the worst of all possible outcomes.
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Abstract

It is generally recognized that smoking has been one of the most public health disorders
around the world. Nowadays, more and more studies have proved that smoking dur-
ing pregnancy is responsible for both maternal and fetal health disorders along with
several general health effects. It may lead to various kinds of pregnancy illness and cause
risk to the fetus during perinatal stage. After birth, this behavior can also have harmful
influences on neonates, and even on children. However, smoking during pregnancy has
several adverse effects, the molecular mechanism of it remains unclear. Recently, some
studies have proved that it is associated with aberrant epigenetic modifications. All of
these remind us that more attention should be paid to maternal cigarette smoking, and
more studies should be carried out to confirm the effects and investigate the molecular
mechanisms. In this chapter, a brief review is given on the perinatal effects and long-term
influences of maternal and passive smoking. We also briefly clarify the epigenetic mecha-
nisms underlying the adverse effects of passive smoking during pregnancy.

Keywords: smoking, passive smoking, pregnancy, perinatal effects, effects on neonates

1. Introduction

It is generally recognized that smoking has been one of the most public health problems
around the world because it is widespread and harmful. According to the statistics, there
are over 1.2 billion smokers all over the world, and nearly 4.9 million people are dying from
smoking [1].

As an invisible cause of death, smoking during pregnancy is responsible for both maternal
and fetal health disorders including miscarriage and congenital abnormalities along with
several general health effects (e.g., cardiovascular disease, respiratory disease, cancer) [2, 3].

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. [{(cc) ExgIEN
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The substances contained in cigarettes may cause harm to the fetus. Among those substances,
two compounds are especially harmful: nicotine and carbon monoxide. Nicotine is highly
addicted. It is well studied that nicotine is a carcinogen and extremely toxic in tobacco leaves,
which results in many responses such as increasing heart rate and blood pressure. Meanwhile,
carbon monoxide can also lead to fetal hypoxia. Thus, the infant whose mother smokes has
a higher perinatal morbidity and mortality. Also, there are many other harmful compounds
such as arsenic, formaldehyde, lead, uranium, and ammonia.

This chapter introduces the great harm done to the developing fetus resulting from maternal
smoking and passive smoking, which creates problems that will prevail not only during the
pregnancy but also long after parturition.

2. Perinatal effects

2.1. Preterm birth

It has been a significant global problem with more than 10% of babies suffering from it.
Preterm birth or other relevant disorders lead to death of a million children each year world-
wide [4]. Several factors can lead to premature birth, for example, underlying infection or
some anatomical considerations. Besides, smoking during pregnancy is also an important
factor that may cause preterm birth. Since nicotine exposure leads to several complications of
pregnancy and birth, the risk for preterm birth is higher among women who smoke during
pregnancy. It is shown that the probability of preterm birth is over 1% higher for women who
smoke during pregnancy than others [5]. There are several elements contributing to the altera-
tion of steroid hormone production and changes of the responses to oxytocin such as hypoxia
resulting from carbon monoxide and vasoconstriction resulting from nicotine [6].

Using Taiwan Birth Cohort to explore the effects of maternal smoking on birth outcomes, Ko
et al. [7] found that maternal smoking is associated with preterm delivery. The incidences of
preterm birth of mothers who smoked during the different pregnancy stages increased with
the number of cigarettes smoked daily, which was especially significant among those who
smoked more than 20 cigarettes/day.

Unlike other unavoidable factors for preterm birth, tobacco smoking is an environmental
exposure which can be easily eliminated, and even short behavioral interventions can be
effective.

2.2. Ectopic pregnancy

Transport of the fertilized egg through the fallopian tube is controlled by ciliary beating and
smooth muscle contractility [8]. Ectopic pregnancy (tubal pregnancy), or eccyesis, is a compli-
cation of pregnancy in which the embryo attached outside the uterus [9]. Ectopic pregnancy in
the fallopian tubes are more common among smoking women as nicotine or other substances
of cigarettes may lead to the turnover of altered epithelial cell in the fallopian tube and result
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in the dysfunction of fallopian tube. Several risk factors of damaging or killing cilia can result
from smoking, thus increasing the time for the embryo to reach the uterus. The embryo, which
cannot reach the uterus in time, will implant itself inside the fallopian tube, causing the ecto-
pic pregnancy [10]. Besides ectopic pregnancy, cigarette smoking during pregnancy also leads
to other human reproduction disorders such as spontaneous abortion and infertility [11].

2.3. Premature rupture of membranes (PROM)

PROM, also known as rupture of membranes occurring in pregnancy, refers to breakage of the
amniotic sac. Commonly, it is called breaking of the mother’s water [12]. There is amniotic fluid
surrounding and protecting the fetus in the uterus contained in the sac (including two mem-
branes, the chorion and the amnion). When rupture occurs, the fluid leaks out of the uterus
through the vagina. Fetal membranes will be likely to be broken because they become weak
and fragile. This change is usually a normal process that happens along with the body prepar-
ing for labor or delivery. However, this will become a problem when premature birth occurs.
Cigarette smoking during pregnancy leads to the abnormal weakness of fetal membranes by
the factors of cell death and poor assembly of collagen, and even breakdown of collagen [13].

2.4. Pregnancy-induced hypertension and preeclampsia

Similar with overweight, smoking during pregnancy is shown as an inverse risk factor for
hypertensive disorders of pregnancy such as pregnancy-induced hypertension and pre-
eclampsia. Studies demonstrate that, compared with women of normal weight, pregnancy-
induced hypertension and gestational hypertension are more common among overweight
women, especially in overweight women who smoke. The risk for hypertensive disorders
increases 2-3 times among overweight and obese women [14, 15], which reflects an indepen-
dent effects of obesity or smoking habits on the hypertensive disorders.

On the contrary, there is an inverse association that smoking in women of normal weight has
potential effect of decreasing the risk of pregnancy-induced hypertensive disorders. Barquiel
et al. [16] found that prepregnancy overweight or obesity and excess gestational weight gain
are all associated with pregnancy-induced hypertensive disorders. However, there is no clini-
cal proof of the potentially positive effect of nicotine exposure on hypertensive disorders. It is
hypothesized that the combustion of tobacco products circulating angiogenic proteins, which
could be released through carbon monoxide [6, 17].

2.5. Fetal growth restriction

Several studies have demonstrated that fetuses with prenatal nicotine exposure have lower
birth weight than their peers [18, 19], and the findings are consistent with intrauterine growth
restriction [20, 21]. Imaging examination shows that this growth restriction affects brain, kid-
ney, lung, and other lean and fatty tissues. Overall fetal volume and placental volume are also
decreased, which may result in embryo damage and miscarriages, thus increasing the infant
mortality [22, 23]. This effect is found to be dose-dependent. There is a decreased birth weight
by an average of 2.8 g for each additional pack of cigarette smoked during pregnancy [23].
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According to a large nationwide birth cohort study in Japan, Suzuki et al. [24] found that mater-
nal smoking during pregnancy can lead to lower birth weight by 125-136 g.

The mechanism of fetal growth restriction is under debate. Several initial studies demon-
strated that fetal hypoxia is induced by the carbon monoxide or other combustion products
[6, 25]. However, it is observed that using electronic cigarettes also results in fetal growth
restriction, making this view seems less likely [22]. Numerous researchers agree that smoking
during pregnancy significantly increases the resistance of placental blood flow, which is asso-
ciated with fetal growth restriction [26, 27]. It may be seen that fetal growth restriction results
from nicotine, which leads to the vasoconstriction. While there is another theory proposing
that decreased supply of amino acids contributes to fetal growth restriction. Nicotine expo-
sure blocks the cholinergic receptor and impairs amino acid transport [28], while the hypoxia
resulting from carbon monoxide also limits the transport of amino acids.

3. Effects on neonates

3.1. Sudden infant death syndrome (SIDS)

SIDS is one of the main reasons for death among healthy infants [29]. It is defined as the sud-
den death of 1-year-old neonates. SIDS usually occurs with no struggle, no noise produced,
and always happens between 00:00 and 09:00 during children’s sleep [30]. SIDS seems to
occur when a neonate has an underlying biological vulnerability, such as premature infants
or low-birth-weight infants, or has problems in the part of the brain [31]. Studies show that
SIDS rates are higher in infants with fetal growth restriction resulting from prenatal nicotine
exposure [32]. The study of Zhang and Wang [33] also suggested that maternal smoking could
increase the risk of SIDS, and it was dose-dependent. Mitchell and Milerad [34] discovered
that the exposure of the fetus to tobacco is associated with SIDS. They also suggested that if
maternal smoking is avoided, about one-third of SIDS deaths might have been hold back.
However, until now, no one knows the exact cause of SIDS, and the mechanism that how
prenatal nicotine exposure leads to SIDS remains unclear.

3.2. Future obesity and endocrine imbalance

Similar to fetal restriction, studies proved that prenatal smoking could affect growth pat-
terns over the long term, with height deficits documented in childhood through to adult-
hood [35]. Disproportionate weight gain opposite to fetal growth restriction is considered
to be associated with the infant’s self-regulation of food intake after birth, as small-for-date
babies take more milk than large-for-date babies, suggested by Ounsted’s study [36]. A
recent study has proposed that despite birthing with lower weights, children of mothers
who smoke during pregnancy tend to be overweight [37, 38], and such an effect will last
for a lifetime [39, 40]. It is noted that alterations in ghrelin concentrations are likely to be
involved [41]. Thus, the offspring of smoking mothers takes more risk of suffering from
type 2 diabetes [42, 43].
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Alternatively, endocrine imbalances could occur at critical developmental periods. Studies
point out negative effects of prenatal smoking on reproductive system. The menarche may
be earlier in females exposed to nicotine prenatally [25]. In males, analysis of semen samples
points out that prenatal nicotine exposure results in poor semen quality and decreased sperm
count [44, 45]. This indicates that such long-term health consequences are not confined to one
generation, but also continued to impair the health of a future generation.

3.3. Respiratory tract infections and compromised lung function

Maternal smoking can also influence fetal lung development and lung function. The embry-
onic immune function will have over reaction to certain substances, thus producing antibod-
ies, which are easy to cause allergic diseases after the baby was born. Pulmonary function
testing demonstrates that the impaired lung function of children is associated with the expo-
sure to nicotine prenatally [46, 47]. Compared with their peers, the incidents of respiratory
tract infections and compromised lung function (e.g., asthma or wheezing) increased [48, 49],
as a result of developmental anomalies in the lung caused by nicotine. These changes will
impair the gas-exchange ability of the pulmonary parenchyma, leading to a directly increased
amount of work for respiration [50]. In addition, Hayatbakhsh et al. [51] proved that the bad
effects on the growth and development of the respiratory tract may continue into adulthood.

3.4. Congenital heart defects and hypertension

As is shown that nicotine increases placental vascular resistance [52, 53], children with mater-
nal nicotine exposures tend to have a greater risk of hypertension throughout the whole life
[54, 55]. Further studies show that women who smoke during pregnancy put their fetus at a
higher risk of birth defects, especially congenital heart defects than their peers [56, 57]. Using
an epidemiological case-control study, Kuciene and Dulskiene [58] collected the information
on potential risk factors of newborns” health. They chose 261 newborns with congenital heart
septal defects and 1122 randomly selected newborns without any defects. They found that
smoking during pregnancy can increase the risk of congenital heart septal defects in infants.

However, the effect of smoking during pregnancy on the progeny of hypertension is not clear.
De Jonge et al. [59] found that the association between smoking during pregnancy and the
risk of hypertension in the offspring are largely determined by weight, and the mechanisms
in utero remain unknown.

3.5. Brain function

Since there are many toxic chemicals in tobacco, smoking during pregnancy can restrict the
head growth, change the structure and function of the brain, and have lifelong bad effects
on the fetal brains. In addition to the direct impact of the chemical composition, evidence
suggests that smokers are more susceptible to depression and refuse to take health promot-
ing actions. To be specific, smokers will not receive prenatal care timely and recognize their
pregnancies later [60]. Along with the adverse effects of nicotine on the fetal brain, children
of smokers are more likely to have learning disorders or behavioral problems. El Marroun
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et al. [60] proved that smoking during pregnancy is associated with brain dysfunction of chil-
dren. They found that maternal cigarette smoking can lead to smaller brain volumes, smaller
cortical gray and white matter volumes of children, and these children will also have thinner
superior frontal, superior parietal, lateral occipital, and precentral cortices, and show more
behavioral and emotional problems.

In conclusion, smoking during pregnancy can cause bad effects on the growth of the fetal
head and influence the normal brain function [61]. However, the mechanisms of how these
bad effects happen on the fetus need more research.

4. Effects of passive smoking

We all know that maternal active smoking is harmful to pregnant women and the fetus; how-
ever, more and more studies have showed that passive smoking is also a hidden threat [62].
Ohida et al. [63] demonstrated that passive smoking could make pregnant women suffer from
sleep disturbance, because nicotine affected the central nervous system, kept people awake,
and increased the sleep latency, reduced both total sleep time and REM sleep. Qiu et al. [64]
have found that passive smoking can lead to preterm birth. However, when they stratified the
data by gestational age, they also found that passive smoking was strongly associated with
very preterm birth (<32 weeks of gestation) but not with moderate preterm birth (32-36 weeks
of gestation), and the risk of very preterm birth is increased when the time of the exposure to
tobacco is increased.

In recent years, many anti-smoking activities have been carried out in public places to prevent
nonsmoking women and children who suffer from passive smoking. However, bad effects of
passive smoking on pregnant women have not been widely publicized because they are less
clear, and many people are still not aware of them. So more studies should be carried out to
ensure bad outcomes of pregnant women associated with passive smoking.

5. The epigenetic mechanism of adverse effect of smoking during
pregnancy

Several studies have demonstrated that smoking during pregnancy takes effects through
epigenetic mechanisms, just like other environmental factors. Knopik et al. [65] proved that
smoking during pregnancy can change the process of DNA methylation and disrupt miRNA
expression. They deemed that maternal cigarette smoking was associated with incorrect DNA
methylation patterns, which were important for the health of the embryo, and it could also
lead to the aberrant expression of miRNA. Therefore, many biological processes would be
disturbed. Suter et al. found that smoking during pregnancy is associated with aberrant pla-
cental epigenome-wide DNA methylation and gene expression, including changes in pro-
moter methylation of placental CYP1A1, which are related to CYP1A1 gene expression and



Smoking: An Important Environmental Risk Factor in Pregnancy
http://dx.doi.org/10.5772/intechopen.72209

fetal growth restriction. They also suggested that smoking during pregnancy is concerned
with altered site-specific CpG methylation which is necessary for important changes in gene
expression, which ensure proper growth and development [66]. Lee et al. [67] demonstrated
that smoking during pregnancy may change the DNA methylation of the offspring reproduc-
ibly, which may last for many years, even into adolescence.

Although many facts show that smoking during pregnancy has many bad effects in terms of
epigenetics, we still cannot figure out the specific process of it. Therefore, more studies should
be done to increase the understanding of mechanisms involved.

6. Anti-smoking measures

Since smoking during pregnancy can lead to many bad effects on pregnant women, the
fetus, and newborns, increasing awareness of the consequences of smoking during preg-
nancy among women is obviously very important. However, participants were not fully
aware of the bad outcomes of smoking during pregnancy [68]. Koren [69] showed that about
25-30% of women smoke at the beginning of the pregnancy. Many pregnant women had
given up smoking for the health of the fetus; however, some of them remained smoking dur-
ing pregnancy. The study indicated that except those psychosocial factors, nicotine addic-
tion is widely acknowledged as the main reason of smoking cessation failures. So, they put
forward a smoking cessation therapy called nicotine replacement therapy. It used nicotine
patches, gum, or intranasal preparations to help people quit smoking, and was superior to
placebo.

For pregnant women who are already smoking, smoking cessation is necessary because smok-
ing during pregnancy can damage the health of the fetus. The adverse effects of smoking may
be attenuated if mothers quit or reduce the cigarette consumption during pregnancy, because
cigarette quitting can increase the use of multivitamin and decrease the consumption of caf-
feine. However, smoking cessation in early pregnancy may have negative impacts, because
it can increase high caloric intake, and high caloric intake in the first trimester may have
bad effects on maternal and child health [70]. In general, behavioral therapies and patient
education should be recommended as first-line therapy for smoking cessation. However, if
someone fails to quit smoking, nicotine replacement therapy can be attempted as an adjuvant
treatment [71].

7. Conclusion

As one of the most important environmental factors that influence the health of human, smok-
ing can lead to a series of health problems, and smoking during pregnancy will have a great
impact on the fetus (Figure 1). Prenatal nicotine exposure affects the mother and fetus in
many ways, such as respiratory tract, lung, cardiovascular, brain, and leads to many chronic
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Figure 1. Schematic representation of smoking as an important environmental risk factor in pregnancy.

diseases. Longitudinal studies have shown that the vast majority of these effects (e.g., health
effects, learning disorders, or behavioral problems) will last for the whole life, and have pro-
found influences on the growth of children. Moreover, not only the active smoking but also
the passive smoking can affect the health of the fetus greatly (Figure 1).

Studies have pointed out that nicotine exposure has the most harmful effects during
the third trimester. This provides a remedial opportunity for these smoking mothers to
improve the status of the pregnancy and their children’s health for life. In view of the
widespread use of tobacco and the harmful effects of nicotine, more anti-measures should
be carried out to create a smoke-free environment for pregnant women, and the education
related to the harmful effects of cigarette smoking during pregnancy should be carried on
and the expectant mothers should be advised to quit smoking at least during their preg-
nancy. Also, more effective therapies should be explored to help pregnant women quit
smoking. Nowadays, more and more people pay attention to the environmental factors
that can affect the health of pregnant women and the fetus. We believe further studies will
provide more details of the effects of nicotine, carbon monoxide, and other substances of
the cigarette, which may contribute to creating a greater sense of urgency about smoking
cessation in patients. Also, we should explore more accurate epigenetic mechanisms to
help us better understand how those chemicals affect offspring, so that we can find better
treatments for the affected children.
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Abstract

This chapter presents the results of the prospective cohort study of 500 females with fac-
tor V Leiden, FVL, 1691 GA genotype, during 2008-2015. The association between FVL
(regardless of its laboratory phenotype—factor Va resistance to activated protein C, APC
resistance) and the development of VTEC (both outside of and during pregnancy) and
gestational complications such as preeclampsia, fetal growth restriction, and miscarriage
has been established. Additionally, the leading role of APC resistance degree in the clinical
manifestation of FVL 1691 GA genotype as thrombotic events and pregnancy complica-
tions has been proved. Based on the data obtained, advanced approaches for the stratifica-
tion of pregnant women into risk groups for the development of venous thromboembolic
complications and pregnancy complications at different gestational ages adjusted for APC
resistance degree are proposed. The found patterns can be useful in assessing the need
for heparin prophylaxis during pregnancy from the standpoint of personalized medicine.

Keywords: APC resistance, factor V Leiden, thrombosis, preeclampsia, fetal growth
restriction, miscarriage, ROC analysis

1. Introduction

In 1993, Swedish scientist Bern Dalbeck described hereditary thrombophilia that was caused
by the inability of blood to react to activated protein C. A year later, in Leiden, Netherlands,
Professor Roger Bertin managed to decipher the pathogenesis of this thrombophilia type.
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The pathology was called “factor V Leiden” [1, 2]. Factor V Leiden is a point mutation in the
proaccelerin gene, accompanied by the substitution of the guanine nucleotide with adenine at
position 1691 (FV G1691A), which leads to the substitution of the arginine (Arg = R) with the
glutamine (Gln = Q) at position 506 (FV R506Q) in the protein chain that is the product of this
gene. Due to this mutation, the resistance of factor V to the activated protein C (APC resis-
tance) is formed [3]. This genetic deficiency is one of the most common causes of hereditary
thrombophilia in European countries, and it is noted in 8-15% of the white population [4, 5].

Factor V Leiden carriage (a 1691G — A substitution) is traditionally considered as a genetic, non-
modifiable risk factor for venous thromboembolic complications (VTEC) [6-8]. Moreover, the
basis of risk stratification is the mutation genotype: the carriage of FVL 1691 AA is defined as a
high risk; the carriage of FVL 1691 GA is defined as a moderate risk. VTEC in both carriage vari-
ants is most often associated with a precipitating factor, such as surgery, trauma, postpartum
period, immobilization, hormone treatment or chemotherapy, or coexistence of other risk factors
such as pregnancy, age, and comorbid conditions [7, 9-14]. The world community developed
protocols and algorithms for the prevention of VTEC, depending on the degree of occurrence
risk of the factor V Leiden mutation. However, the clinical manifestations of factor V Leiden are
heterogeneous and can be not only in the form of thromboembolic events but also determine the
risk of developing gestational complications, including the great obstetrical syndrome [15-17].
Modern ideas about the relation between FVL 1691 GA carriage and the risk of developing ges-
tational complications are highly contradictory, the available studies in this direction are inad-
equate and ethnically heterogeneous and often contradict with each other [18-21]. According
to the conclusions of world experts, it is impossible to make a final decision on the cause-effect
relation between the FVL 1691 GA carriage and the unfavorable course of pregnancy.

Thus, it is not always possible to predict the likelihood of VTEC and obstetric complications
with FVL 1691 GA carriage, based on the proposed and already proven risk factors. We believe
that such risk depends not only and not so much on the factor V Leiden genotype but rather
on its phenotype being an increase in APC resistance. However, in the existing recommenda-
tions for predicting the development of clinically significant events, the laboratory phenotype
of the mutation—the APC resistance, whose magnitude actually determines the thrombosis
tendency —is not taken into account.

The aim of this chapter is to outline the prospective approaches for stratifying pregnant
women into risk groups for the VTEC development and for stratifying pregnancy complica-
tions based on the level of APC resistance, in order to address the issue of heparin prophylaxis
during pregnancy from the standpoint of personalized medicine.

Materials and methods: Between 2008 and 2015, a prospective cohort observational study
of 1100 Caucasian women was conducted, and 2707 pregnancy outcomes were analyzed in
order to determine the clinical manifestation of FVL 1691 GA carriage in thrombotic events
and gestational complications, such as preeclampsia, fetal growth restriction, and miscarriage.

The study was approved by the local research Ethics Committee of the Altai State Medical
University (Protocol 5, from June 26, 2009).

Two cohorts were identified: the study group consisted of 500 patients with FVL 1691 GA
genotype (mean age 30.2+4.7 years, the total number of completed pregnancies 1085), and the
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control group consisted of 600 women with FVL 1691 GG genotype (mean age 30.3+3.9 years,
the total number of completed pregnancies 1622). Groups were comparable in age (p > 0.05).

Study group inclusion criteria:

¢ Female

FVL 1691 GA carriage

Age 18to 45

¢ Informed consent

Control group inclusion criteria were the same as for the study group, but the patients were
not carriers of FVL 1691 GA/AA.

Exclusion criteria:

* Age under 18 and over 45

¢ Autoimmune diseases, including antiphospholipid syndrome

¢ Chromosomal aberrations

In order to determine the relation between APC resistance with carriage of FVL and thrombotic
events during pregnancy and gestational complications, within the framework of the study,
APC resistance was diagnosed during pregnancy monitoring in 298 patients of the study group
and 300 controls; the patients did not receive anticoagulants. To exclude the influence of con-

founding factors, which along with APC resistance expression can significantly affect the course
and outcome of pregnancy, we defined additional inclusion/exclusion criteria for the groups.

Additional study group inclusion criteria:

* A singleton pregnancy that occurred in the natural cycle, confirmed by embryo viability
at 5-6 weeks

* No abnormal development of internal genital organs

* No extragenital diseases in the stage of decompensation

* No anticoagulant therapy

Control group inclusion criteria were the same as for the study group, but the patients were

not carriers of FVL 1691 GA/AA.

Exclusion criteria:

* Abnormal development of internal genital organs, multiple pregnancy
¢ Pregnancy, resulting from assisted reproductive technologies

* Extragenital diseases in the stage of decompensation
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Eight points were chosen to assess APC resistance, taking into account the waves of tropho-
blast invasion and reflecting “critical” gestational ages: 7-8 weeks, 12-13 weeks, 18-19 weeks,
22-23 weeks, 27-28 weeks, 32-33 weeks, 36-37 weeks, and 2-3 days postpartum.

Preeclampsia was diagnosed according to the international consensus criteria: systolic blood
pressure (SBP) > 140 mm Hg and/or diastolic blood pressure (DBP) > 90 mm Hg; in women
with base hypotension, an increase in the SBP by 30 mm Hg and/or DBP by 15 mm Hg com-
pared to the base values (arterial pressure in the I trimester of pregnancy), accompanied by
proteinuria: daily protein loss of 0.3 g/l or more, any proteinuria recorded in a single urine
portion [22]. Fetal growth retardation was defined as a condition with the fetal body weight
and/or fetal abdomen circumference being below 10% for a given gestational age and/or the
morphological maturity index lag of 2 or more weeks from the true gestational age [23].

APC resistance normalized ratio (NR) value was obtained with “factor V-PC-test” detection
kit (“Technology-Standard” Ltd.).

Statistical data processing was carried out using MedCalc 14.8.1 statistical software package.
The verification of the static series for normality was carried out using the Shapiro-Wilk’s W-test.
The laboratory data are presented as a median (Me), 95% confidence interval (95% CI), and
interquartile range [25th and 75th percentiles]. Comparison of the series was performed using
nonparametric methods (the Mann-Whitney U test). For the qualitative characteristic values, the
absolute and the relative percentage values were given. The verification of statistical hypotheses
on the coincidence of the observed and expected frequencies was carried out using the criterion
x2 and Fisher's exact test. For binary characteristics, relative risk (RR) and 95% confidence inter-
val (95% CI) were calculated. Maximum p value is <0.05. To determine the predictive value of
the quantitative assessment of APC resistance in the development of pregnancy complications
in the given points, the ROC curve was used, followed by the determination of the area under
it (AUC). According to the literature, the AUC index exceeding 0.70 is clinically/prognostically
significant. Accuracy (effectiveness, significance) of the test (Ac) was calculated as the percent-
age of the number of true diagnostic test results to the total number of results obtained:

TN +TP

Ac = INTIN+FP+TP

x 100 (1)

2. Clinical manifestation of FVL 1691 GA carriage in thrombotic
events regardless of APC resistance value

According to experts of the Royal College of Obstetricians and Gynecologists [8], factor V
Leiden is considered to be a constant risk factor for thrombosis in asymptomatic women. In
our study, thrombotic events were registered in 70 (14.0% out of 500) women with FVL 1691
GA genotype versus 9 (1.5% out of 600) with FVL 1691 GG genotype, which has statistical sig-
nificance [RR 9.3; 95%CI, 4.7-18.5; p < 0.0001]. In all nine cases in the control group, deep vein
thrombosis (DVT) of the lower extremities was diagnosed. In six patients DVT was diagnosed
outside of pregnancy and was caused in five cases by combined oral contraceptives (COC)
(calf deep vein, four cases; iliac-femoral-popliteal segment, one case) in one case by locked
intramedullary flexible osteosynthesis in the setting of diaphyseal tibial fracture (the second
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day of the postoperative period). In three cases, DVT was registered during pregnancy: one
episode in the first trimester and two postpartum (the third and sixth days). In 70 FVL 1691
GA patients, 98 thrombotic events were registered in different periods of life: in 45 women
(64.3% out of 70), a single episode of VTEC; in 22 (31.4% out of 70), 1 case of rethrombosis; and
in 3 (4.3% out of 70) women, 2 cases of rethrombosis. We studied primary phlebothrombosis
on the background of FVL 1691 GA mutation carriage (Figure 1).

The analysis showed that in 71.4% (50 out of 70) of cases, the primary thrombosis was the
result of iatrogenesis (41 CHC and 9 surgical intervention). As it is known, administering
estrogen-containing CHC is absolutely contraindicated for FVL 1691 GA patients [5, 24]; how-
ever, 63 patients of the study group were offered exactly this type of elective contraception
that resulted in thrombotic events in 65.1% (41 out of 63) of cases. Thrombotic patients were
administered medicines containing either 30 or 20 ug of ethinylestradiol. Out of 41 episodes
of CHC-induced thrombosis, in 30 cases the process developed in the area of tibial veins and
in 10 cases in the iliac-popliteal-femoral segment, and in 1 case, pulmonary embolism was
diagnosed. During the treatment, two patients were implanted a vena cava filter.

Taking into account that estrogen-containing medicines are widely used in gynecology (con-
traception, menopausal hormone therapy, ovulation stimulation cycles, etc.), we calculated
the risk of developing VTEC associated with CHC in FVL 1691 GA patients as 9.2 [RR 9.2;
95%CI, 3.9-21.9; p < 0.0001].

In 13 patients, FVL 1691 GA manifested itself as thrombosis after surgery, with 9 patients
having the first episode of thrombosis and 4 cases with rethrombosis. All women underwent
“small” surgeries, and according to the combined assessment of clinical data, they had a
moderate risk of VTEC in the postoperative period [25], which implies prophylactic low-
molecular-weight heparin (LMWH) administration according to the dosage regimen recom-
mended by the manufacturer for moderate-risk patients [5]. However, none of the 13 patients
received heparin prophylaxis. In 7 cases (10% out of 70), the primary thrombosis cause could
not be established. All seven patients with idiopathic phlebothrombosis had an episode of

CHC
59% (41 out of

Pregnancy Postpartum
17% (12 out of 70) 13% (9 out of
Idiopathic s 7
1% (1 out of 70)

10% (7 out of 70)

Figure 1. Primary phlebothrombosis proportion in FVL 1691 GA patients based on inducing factor. Abbreviations: CHC,
combined hormonal contraceptives; ARVI, acute respiratory viral disease.
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rethrombosis on the background of ARVI or after a surgical intervention within the first year.
Viral infection, as a factor inducing primary thrombosis, was diagnosed in one case; three
DVTs on the background of ARVI were recurrent.

In total, 65 thrombotic events occurred in 58 (11.6% out of 500) women outside of pregnancy;
the frequency of rethrombosis was 12.1% (7 out of 65). During pregnancy, FVL 1691 GA was
manifested in thrombotic events in 33 patients (6.6% out of 500), primary phlebothrombosis
induced by pregnancy was registered in 12 patients (17.0% out of 70), and rethrombosis was
registered in 21 cases.

For the convenience of perception, we identified groups of pregnant women according to the
risk characteristics of VTEC development during pregnancy and postpartum given in clinical
recommendations [8]:

1. Asymptomatic patients
2. A single episode of VTEC, associated with transient risk factors

3. A history with multiple episodes of VTEC

The number of pregnancies in asymptomatic FVL 1691 GA patients was 1027; in 58 cases
thrombosis was registered before pregnancy. It should be noted that FVL 1691 GA genotype
had not been considered as a risk factor for the development of VTEC during pregnancy
and postpartum until 2015 [26]. Therefore, according to the clinical recommendations, these
patients did not need antenatal VTEC prevention. In our study, the course of 12 pregnancies
(1.2% of 1027) was complicated by an episode of primary VTEC, one case being vertebrobasi-
lar basin thrombosis on the right, nine cases being tibial vein thrombosis, and two cases being
iliac-femoral veins thrombosis.

According to the data obtained, we calculated the risk of FVL 1691 GA manifestation during
pregnancy and postpartum in asymptomatic women compared to FVL 1691 GG patients. In
our study, it is 4.7 [RR 4.7; 95%CI, 1.5-14.7; p = 0.0069].

Forty-five patients were included into the group with history of a single VTEC before preg-
nancy, whose thrombosis was associated with CHC or a surgical intervention. In 10 (22.2% out
of 45) women, additional factors that affect the risk of developing VTEC were identified dur-
ing pregnancy —a history of thrombosis in first-degree relatives up to 50 years, an implanted
vena cava filter, and obesity (BMI, 25)—being the reason why they received prophylactic
doses of LMWH throughout pregnancy and 6 weeks postpartum. With heparin prophylaxis,
episodes of rethrombosis antenatally and/or postpartum were not registered. In 35 (77.8%
out of 45) pregnant women with a history of thrombosis, the risk of VTEC was determined
as intermediate, which presumed only postpartum LMWH prophylaxis for 6 weeks. In 18
(51.4% out of 35) patients who did not receive thromboprophylaxis, the course of pregnancy
and postpartum were complicated by rethrombosis in the left lower extremity deep veins.

As known, patients with a history of multiple VTECs belong to the group with a very high
risk of recurrent VTECs. In our study, this group includes 12 women: 6 of them had rethrom-
bosis outside of pregnancy, and 6 had thrombosis in previous pregnancies. According to the
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Figure 2. The periods of clinical manifestation of thrombotic events in FVL 1691 GA patients, depending on the personal
thrombotic history.

available recommendations for VTEC prevention, patients of this group need antenatal and
postpartum administration of LMWH. It should be noted that most patients did not follow
the recommended continuous administration of LMWH. As a result, three (25.0% out of 12)
pregnant women developed deep vein phlebothrombosis of the left lower extremity.

Interesting data were obtained during the analysis of the gestational age with a thrombotic
event, depending on the personal history of thrombosis (Figure 2).

As can be seen, the major number of thromboses in our study was in the first trimester and
postpartum. In the second trimester, thrombotic events were not registered. Perhaps this fact
is due to mandatory thromboprophylaxis during the first 6 weeks after delivery in patients
with a history of VTEC and without thromboprophylaxis in asymptomatic women [26].

3. Clinical manifestation of FVL 1691 GA in pregnancy
complications regardless of changes in APC resistance

The question about the possible association between FVL 1691 GA and the risk of develop-
ing pregnancy complications remains controversial up to the present, despite the fact that
one of the leading links in the pathogenesis of a whole range of obstetric complications is
the imbalance between fibrinogenesis and fibrinolysis at the stage of trophoblast invasion,
accompanied by microthrombus formation in placental vessels, by obstructive lesions of the
myometrial segments of spiral arteries, and by abnormal placental perfusion.

Most of earlier studies, aimed at the chances of pregnancy complication development depend-
ing on the candidate gene and its genotype, were retrospective, ethnically heterogeneous, and
sometimes not systematized. The peculiarity of our study lies in its prospective observational
character and its seven-year period. Consequently, the course and outcome of 1085 pregnan-
cies have been analyzed.
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Upon completion of the study, an outcome analysis was conducted aimed at determining a
possible association between FVL 1691 GA and its clinical manifestation in:

* Early reproductive loss (ERL)
¢ Preeclampsia (PE)
¢ Fetal growth restriction (FGR)

e Preterm birth (PB)

Early reproductive loss, as it is known, is a loss (an empty embryo sac or with an embryo)
with a gestational age of up to 12 weeks [27].

The analysis of completed pregnancies showed 33.7% (366 out of 1085) of all pregnancies in
FVL 1691 GA patients, and 10.3% (186 out of 1622) in patients with normal FVL 1691 GG geno-
type ended with early reproductive losses (ERL) [RR 3.0; 95%CI, 2.5-4.5; p < 0.0001].

In both groups, early reproductive losses in some patients were recurrent (Figure 3). The
number of patients in the study group with two ERLs was 2.5 times greater than in the con-
trol group [RR 2.5; 95%Cl, 1.7-3.7; p < 0.0001], and the number of patients with three or more
ERLs, that is, those suffering from recurrent miscarriage, was 4.5 times greater in the FVL 1691
GA group [RR 4.5; 95%Cl, 2.3-8.6; p < 0.0001].

We also determined the cause of reproductive losses in the groups (Figure 4). The propor-
tions in spontaneous miscarriages and ectopic pregnancies were similar (p = 0.7643 and 0.24,
respectively).

One in four pregnancies, 23.8% (258 out of 1085), with FVL 1691 GA ended as embryo death
up to 12 weeks (70.5% of all ERL), which is nine times greater than with normal FVL 1691 GG
genotype—2.6% (42 out of 1622) [RR 9.2; 95%CI, 6.8-12.6; p < 0.0001].

A more detailed analysis of non-developing pregnancies in FVL 1691 GA patients showed
that in 65 cases (25.2% out of 258), pregnancy ceases to progress at a gestational age of
5-6 weeks, and in 193 cases (74.8% out of 258), pregnancy ceases to progress at a gesta-
tional age of 8-9 weeks, which contradicts previously obtained data stating that FVL 1691
GA is associated with embryo death at a gestational age of more than 14 weeks [12, 28,
29]. According to the histological investigation, anembryonic gestation was registered in
57 (22.1% out of 258) patients; in the remaining 201 (77.9% out of 258), embryo death was
registered. Certainly, the knowledge of non-developing pregnancy etiology and histologi-
cal evidence indicating the absence of an embryo favors a chromosomal abnormality of the
embryo, but in our study, there was no karyotyping of the abortus, and therefore we cannot
confirm or reject this hypothesis.

Thus, the data obtained indicate that FVL 1691 GA statistically significantly affects the cause
and number of early reproductive losses. But, of course, this risk factor needs to be assessed
in the context of additional predictors of reproductive ill-being in the individual.
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Figure 3. Proportion of women with one, two, and three or more early reproductive losses with FVL 1691 GA genotype
and with normal FVL 1691 GG genotype.
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Figure 4. Proportion of ERL variants with FVL 1691 GA genotype and with normal FVL 1691 GG genotype.

Analysis of completed pregnancies in the FVL 1691 GA group showed that in 128 cases (11.8%
out of 1085), pregnancy course was complicated by preeclampsia, which is statistically sig-
nificantly greater than 52 episodes (2.9% out of 1622) with normal FVL 1691 GG genotype [RR
3.7;95%Cl, 2.7-5.0; p < 0.0001]. In this case, severe preeclampsia, as a pregnancy outcome, was
registered in 28 cases (2.6% out of 1085) of the study group and in 8 cases (0.4% of 1622) of the
control group [RR 5.2; 95%Cl, 2.4-11.4; p <0.0001].
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In 130 cases (12.0% out of 1085), the course of pregnancy in the study group was compli-
cated by FGR, which is statistically significantly greater than 64 episodes with normal FVL
1691 GG genotype (3.5% out of 1622) [RR 3.0; 95%CI, 2.3-4.1; p < 0.0001]. The weight of
newborns with FGR in women of the study group was 1936.9+£342.8 (95% CI 1805.9-2068.0);
in the control group, it was 2124.9+274.2 (95% CI 1927.3-2321.5), thus having no statistical
differences (p = 0.1360).

Given the pathogenesis unity of the placenta-mediated conditions, such as PE and FGR, we
also analyzed the proportion of these complications in pregnancy outcomes in FVL 1691 GA
patients.

In the study group in 33 (3.0% out of 1085) pregnancy outcomes, there was a combination of
FGR and PE, versus 6 (0.3% of 1622) episodes in the control group [RR 8.2; 95%CI, 3.5-19.6;
p < 0.0001]. In all six control group cases, the pregnancy was terminated prematurely
(28-36 weeks) by an emergency abdominal birth due to life-threatening conditions of the
woman and/or fetus. All six newborns were transferred to the second stage nursing; two chil-
dren died during the first month of life.

With FVL 1691 GA genotype, the combination of FGR and PE in 7 (21.2% out of 33) resulted
in antenatal fetal death (4 cases at 24-26 weeks, 3 cases at 28-30 weeks); preterm operative
labor induction was performed in 27 cases (81.8% out of 33)—there were no intranatal and
early perinatal losses.

Preterm birth is always considered to be an unfavorable perinatal outcome, whose degree
depends not only on the gestational age but also on the causes: spontaneous or induced [30-33].

The proportion of preterm labor (PL) with FVL 1691 GA in our study was 7.1% (77 out of
1085), which is statistically significantly greater than 1.4% (26 of 1622) with FVL 1691 GG gen-
otype [RR 4.2; 95%CI, 2.9-6.9; p < 0.0001]. The main PL difference is that PL before 28 weeks
was only in the study group; 21 cases (27.3% out of 77) were registered. The number of PLs
before 33 weeks of gestation was similar: 13 cases (16.9% out of 77) in the study group and 5
(19.2% out of 26) in the control group. There were 43 PLs (55.8% out of 77) in the study group
and 21 PLs (80.8% of 26) in the control group with a gestational age of 34-36 weeks.

Structure analysis of PL is of interest. As is known, spontaneous PL is hard to manage, butitis
well studied. Currently, prevention measures that have been developed and are widely used
in practice are cervical incompetence correction, gestagen treatment, infection focus sanita-
tion, and vaginal biocenosis normalization [34, 35]. PL due to medical reasons is always a
catastrophe, being a condition that jeopardizes the life of a mother and/or fetus and thus
ascertaining the need for early delivery regardless of the gestational age. As a rule, the main
cause of indicated delivery is decompensation of placenta-dependent conditions.

In our study, the proportion of preterm labor induction with FVL 1691 GG genotype in our study
was 26.9% (7 out of 26), which is consistent with general population data [31, 32] (Figure 5).

The proportion of preterm labor induction with FVL 1691 GA was 70.1% (54 out of 77), which is
statistically significantly greater [RR 2.9; 95%CI, 1.5-5.5; p = 0.0014] than in the control group.
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Figure 5. Preterm labor cause proportion in FVL 1691 GA carriers and controls.

Indications for induced PL with FVL 1691 GA genotype due to maternal condition were 8
cases with severe PE (10.4% out of 77) and 21 cases of placental abruption (PA) (27.3% out of
77). Due to fetal condition, there were 8 cases of progressive fetal hypoxia (10.4% out of 77)
and 17 cases of antenatal fetal death (21.4% out of 77).

Summarizing the data presented above, we can note the following patterns:

1.

The relative risk of developing VTEC outside of pregnancy in FVL 1691 GA patients is 9.3
[RR 9.3; 95%CI, 4.7-18.5; p < 0.0001]; when administering CHC it is 9.2 [RR 9.2; 95%ClI,
3.9-21.9; p < 0.0001].

The risk of developing VTEC during pregnancy and postpartum in asymptomatic FVL 1691
GA patients compared to FVL 1691 GG patients is 4.7 [RR 4.7; 95%CI, 1.5-14.7; p = 0.0069].

FVL 1691 GA carriage is statistically significantly associated with early reproductive losses,
increasing their number threefold [RR 3.0; 95%CI, 2.5-3.5; p <0.0001], compared to normal
FVL 1691 GG genotype.

With FVL 1691 GA, 70.5% of ERLs are non-developing pregnancies when embryo dies at
8-9 weeks, whose number is statistically significantly greater than with FVL 1691 GG geno-
type [RR 9.2; 95%CI, 6.8-12.6; p < 0.0001].

FVL 1691 GA is associated with the development of placenta-mediated conditions, increas-
ing the risk of preeclampsia [RR 3.7; 95%ClI, 2.7-4.0; p < 0.0001] and FGR [RR3.0; 95%CI,
2.3-4.1; p <0.0001].

FVL 1691 GA is associated with a higher frequency of preterm birth, increasing their num-
ber 4.2-fold compared to normal FVL 1691 GG genotype [RR 4.2; 95%Cl, 2.9-6.9; p <0.0001].

With FVL 1691 GA, 70.1% of PLs are induced deliveries, which are statistically significantly
greater than in patients with normal genotype [RR 2.8; 95%CI, 1.5-5.5; p = 0.0014].

A summary report on the clinical manifestation of FVL 1691 GA as thrombotic events and
pregnancy complications is presented in Table 1.
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Variable Relative risk 95% confidence interval P-value
(RR) (95% CI)

VTEC outside of pregnancy in asymptomatic 9.3 4.7-18.5 <0.0001
women

With CHC 9.2 3.9-21.9 <0.0001
VTEC during pregnancy in asymptomatic women 4.7 1.5-14.7 0.0069
Fetal growth restriction 3.0 2.3-41 <0.0001
Preeclampsia 37 2.7-4.0 <0.0001
Severe preeclampsia 5.2 2.4-114 <0.0001
Early reproductive losses 3.0 2.5-3.5 <0.0001
Non-developing pregnancy 9.2 6.8-12.6 <0.0001
Preterm labor 4.2 2.9-6.9 <0.0001
Induced labor 2.8 1.5-5.5 0.0014

A tabular report on the association of FVL 1691 GA with the risk of VTEC development and gestational complications.

Table 1. The relative risk of VTEC and pregnancy complications with FVL 1691 GA genotype.

The obtained data are consistent with the results of previously published meta-analyses and
clinical recommendations [17-19, 21]. Nevertheless, despite an associative, statistically sig-
nificant relation between FVL 1691 GA and the risk of VTEC development and pregnancy
complications, up to now there are no international recommendations for the prevention of
pregnancy complications in FVL 1691 GA patients. In order to determine a universal labora-
tory marker for possible ill-being, both thrombotic and gestational, we have attempted to
examine the laboratory phenotype of the studied mutation as APC resistance, whose magni-
tude actually determines the tendency to thrombosis.

4. Relation between APC resistance in FVL 1691 AG patients and
VTEC and pregnancy complications

The analysis of the NR, characterizing the degree of APC resistance, based on the genotype
(FVL 1691 GA or FVL 1691 GG), showed that the APC resistance NR value median with nor-
mal genotype fluctuated at the study time points from 1.0 to 0.86 [95% CI 1.2-0.8]. At the same
time, in pregnant women with FVL 1691 GA genotype, regardless of the pregnancy course,
this value was significantly lower (p < 0.0001) —from 0.53 to 0.48 [95% CI 0.55-0.43] (Table 2).

According to the received data, the APC resistance NR value tends to decrease throughout preg-
nancy in both groups analyzed, regardless of the presence of a pathological allele. The nadir is at
28 weeks of gestation, when there is decrease of interstitial cytotrophoblast-invasive potencies,
and gestational changes in the myometrial and endometrial segment of radial arteries of the
uteroplacental area are completed. Further growth of placenta and fetus directly depends on the
adequate remodeling of radial arteries and uteroplacental-fetal blood flow formation [10, 36].
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With FVL 1691 GG genotype, the decrease in APC resistance NR value by 28 weeks in this study
was 14.0% (p < 0.0001); with the heterozygous variant (FVL 1691 AG), it is 9.4% (p < 0.0001).
Closer to the due date, there was an insignificant increase in the NR value: by 2.3% in the con-
trol group (p = 0.1767) and by 4.1% in FVL 1691 AG carriers (p = 0.1265) (Figure 6).

Here and below, the median is a marker; values corresponding to 95% confidence interval are
the lower and upper vertical bars.

We conducted a study of APC resistance in 17 patients, whose pregnancy was complicated by
vein thrombosis of the lower extremities. The NR value median showing the degree of APC
resistance and preceding the episode of phlebothrombosis in the first trimester (7-8 weeks)
was 0.49 [95%CI, 0.43-0.49]; in the third trimester (32 weeks), it was 0.48 [95%ClI, 0.46-0.49];
2-3 days postpartum, it was 0.44 [95%CI, 0.43-0.48], thus being statistically significantly lower
than in the group with a normal pregnancy course (Figure 7).

Here and below, the median is a marker; values corresponding to 95% CI are the lower and
upper vertical bars inside the “box”; the “box” is interquartile range between 25th and 75th
percentiles; mustache is values corresponding to 2.5th and 97.5th percentiles; free elements
are outliers.

At the next step, the APC resistance was analyzed depending on the course of pregnancy.
In most cases in FVL 1691 GA patients with APC resistance between 0.58 and 0.5, pregnancy
proceeded normally and ended with due date delivery. Moderate and severe PE were charac-
terized by APC resistance between 0.48 and 0.43; with FGR the values were between 0.49 and
0.45. It should be noted that the increase in APC resistance in these outcomes was registered
in 7-8 weeks of gestation already, when chorionic blood exchange develops and the first por-
tions of uteroplacental artery blood enter the intervillous space [37, 38] (Table 3).

A more detailed analysis showed that the peak of APC resistance in the setting of FGR was
at 18-19 weeks of gestation 6.2% (p = 0.0239); in the setting of PE, it was at 22-23 weeks 8.5%
(p <0.0001). In normal pregnancy course, the peak of APC resistance was at 28-29 weeks of
gestation—8.9% (p < 0.0001) (Figure 8).

In order to predict placenta-mediated conditions with the APC resistance, we used the ROC
analysis, which determined the threshold value of the predictor and the gestational age when
the APC resistance has maximum chances to predict PE and FGR development. In this study,
the following criteria for selecting the cutoff value have been defined: method sensitivity is
>80%, the maximum total sensitivity and specificity of the diagnostic value. We also calcu-
lated the accuracy of the method (test effectiveness), which shows how many results were
predicted correctly using this research method.

Table 4 summarizes the results of NR value ROC analysis assessing APC resistance at differ-
ent time points as a predictor for the development of PE and FGR.

In accordance with the obtained results, we have determined the optimal cutoff for the APC
resistance NR value in FVL 1691 AG patients for predicting PE and FGR, which was <0.49 for
all studied gestational ages. The area under the ROC curve (AUC) at 8, 12, and 18 weeks of
gestation proved high prognostic strength and clinical significance of this laboratory marker
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Figure 6. APC resistance depending on the presence of a pathological allele (FVL 1691 AG or GG) in the groups at
different gestational ages and 2-3 days postpartum.
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Figure 8. APC resistance in FVL (1691) GA patients with or without pregnancy complications.

for PE and FGR. The best AUC values (0.839 (95% CI [0.776-0.896], p <0.0001) and 0.867 (95%
CI [0.806-0.928], p < 0.0001) for PE and FGR, respectively) and the accuracy of the method
(PE 86.2% and FGR 85.4%) were at 7-8 weeks (Table 4). ROC curves with maximum test effec-
tiveness are shown in Figure 9.

In 25 FVL 1691 GA patients with embryo death before 12 weeks of gestation, APC resistance
was also assessed. In all cases, the embryo death was registered at 8-9 weeks of gestation. NR
median of APC resistance at 7-8 weeks of gestation in this group was 0.48 (95% CI, 0.41-0.49)
and was statistically significantly lower than with further prolongation of pregnancy with a
normal outcome—Me 0.56 (95% ClI, 0.54-0.56, p < 0.0001) (Figure 10).

A critical disorder of uteroplacental area perfusion leads to decompensation of the placenta
and, as a rule, is a reason for labor induction. We analyzed APC resistance in 29 women,
whose pregnancy ended with indicated preterm birth. In 6 (20.7% out of 29) cases, preterm
birth was due to decompensation of the intrauterine fetal condition, in 7 cases (24.1% out of
29), it was due to severe preeclampsia, and 16 (55.2% out of 29) cases were premature detach-
ment of normally situated placenta.

Moreover, APC resistance at the time points before preterm birth was assessed, median NR
of which had the lowest values (22-23 weeks 0.41 [95%CI, 0.40-0.43], 27-28 weeks, Me 0.42
[95%CL, 0.41-0.43]) in comparison with the same values at the studied time points with the
development of PE and FGR (Figure 11).
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Preeclampsia

Statistical 8 weeks 12 weeks 18 weeks 22 weeks 28 weeks 32 weeks 37 weeks
values n=45 n=45 n=45 n=45 n=43 n=40 n=38
APC <0.49 <0.48 <0.49 <0.48 <0.48 <0.49 <0.49

resistance NR
value cutoff

Sensitivity 95.45 86.96 95.65 95.45 95.45 87.50 60.00
Specificity 66.38 69.64 66.02 68.93 66.31 64.91 66.67

The area 0.839 0.802 0.836 0.799 0.795 0.755 0.666
under the

ROC curve

(AUCQ)

95% CI for 0.767-0.896 0.716-0.900 0.764-0.907  0.749-0.830  0.738-0.831  0.679-0.815  0.530-0.802
AUC

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0170
Accuracy of 86.2 78.3 84.4 76.7 76.1 70.1 68.7

the test %

Fetal growth restriction

Statistical 8 weeks 12 weeks 18 weeks 22 weeks 28 weeks 32 weeks 37 weeks
values n=>58 n=>58 n=>58 n=>57 n=>56 n=>52 n =49
APC <0.49 <0.49 <0.49 <0.49 <0.49 <0.49 <0.49

resistance NR
value cutoff

Sensitivity 96.77 97.06 96.67 85.29 90.00 93.33 61.06
Specificity 78.95 63.37 71.30 73.53 53.85 40.74 64.57

The area 0.867 0.815 0.805 0.766 0.769 0.679 0.651
under the

ROC curve

(AUC)

95% CI for 0.806-0.928 0.746-0.884 0.723-0.887 0.678-0.854  0.679-0.859  0.580-0.779  0.515-0.762
AUC

P-value <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0180
Accuracy of 85.4 78.6 82.7 79.2 72.3 64.2 63.1

the test %

Table 4. Results of ROC analysis in predicting PE and FGR at different gestational ages, using the APC resistance NR
value in FVL 1691 AG patients as a marker.

The data we obtained, which indicate the relation between the APC resistance degree and the
severity of the placenta-mediated conditions, bring us back to the second wave of cytotropho-
blast invasion (18-28 weeks), whose quality depends on the completeness of myometrial radial
arteries remodeling and intervillous space increase. Evidently, maternal coagulation disorder,
which is also due to increased APC resistance, can lead to blood stasis, thrombosis on the
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Figure 9. ROC curve for predicting the development of the placenta-mediated pregnancy complications based on the
level of APC resistance in FVL 1691 GA patients. (A) The relation between APC resistance at 7-8 weeks of gestation and
the development of PE. (B) The relation between APC resistance NR value at 7-8 weeks of gestation and the development
of FGR.
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Figure 10. Median NR of APC resistance at 7-8 weeks of gestation in FVL 1691 GA patients depending on pregnancy
outcomes.

surface of the syncytiotrophoblast microvilli, ischemia, damage, and invasive ability disorder.
Clinically, this process can manifest itself either in ischemic placental disease [39] with FGR
and PE or with the induction of microthrombosis from the area of destroyed microvilli and
thrombosis increase in the intervillous space, followed by hematoma and placental abruption.
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Figure 11. Values of APC resistance at gestational ages before the induced preterm birth in FVL 1691 GA patients.

Of course, APC resistance value cannot be considered the only and main factor of pathologi-
cal processes. But its role in the development of placenta-mediated pregnancy complications
is undeniable, which is confirmed by our study.

5. Conclusion

Heterogeneous carriage of FVL 1691 GA genotype, according to numerous studies, is asso-
ciated with both thrombosis and pregnancy complications [17-19, 21, 40, 41]. In the study,
FVL 1691 GA genotype clinical manifestation was close to that presented in the literature. In
particular, outside of pregnancy the risk of developing VTEC increased 9.3-fold and 9.2-fold
with CHC administration. At the same time, the risk of early reproductive losses increased
3-fold, 70.5% of which were missed abortions with embryo death at 8-9 weeks; the risk of
developing preeclampsia increased 3.7-fold. There has been a 3-fold increase in the risk of
fetal growth restriction, a 4.2-fold increase in preterm birth risk, and a 2.8-fold increase in
indicated preterm delivery risk.

Despite the proven association of thrombosis and/or obstetric complications with FVL, the
need for heparin prophylaxis remains questionable for such patients, as this mutation is not
always clinically apparent. In our opinion, when making a decision on the use of anticoagu-
lants during pregnancy, an additional criterion, APC resistance, can be considered, whose
presence and degree, as are known, determine the tendency to thrombosis. We came to this
conclusion after analyzing the frequency of clinically significant complications in pregnant
women, with the normalized ratio values of APC resistance within the ranges of <0.49 to >0.50.
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Thus, the presented data give grounds for considering the level of APC resistance as an objec-
tive laboratory criterion that allows not only stratifying patients into risk groups for throm-
botic and pregnancy complications but also recommending antenatal heparin prophylaxis for
FVL patients from the standpoint of personalized medicine.
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Abstract

The proper management of respiratory distress syndrome in the delivery room is a crucial
step in the transition to extrauterine life, especially for preterm infants. In fact, it has been
widely established that the optimization of the cardiovascular and the respiratory
changes, which normally happen as soon as a term healthy baby is delivered, can have
long-term effects. For this reason, every clinician approaching the delivery room should be
aware of the consequences an inappropriate management could lead to and should know
how to perform a proper resuscitation, using, where available, the most recent techniques.
Regardless of the level of care provided by the hospital, there are some key interventions,
which can be applied easily in every setting and are of crucial importance. In this chapter,
we aim to provide a comprehensive overview of the most relevant measures to manage
respiratory distress syndrome from the delivery room, starting from an explanation of the
disease and moving toward the most recent evidence, from the basic concepts to the most
advanced techniques to monitor fetal-neonatal transition.

Keywords: delivery room, respiratory distress syndrome, newborn, pathophysiology,
gestational age

1. Introduction

The delivery room (DR) is the setting where the baby is given birth and where the neonatolo-
gist may have to assist the newly born infant in optimizing the transition from dependent fetal
to independent neonatal life.

There is a wide consensus among clinicians about the importance of the DR management,
especially regarding premature birth. In fact, the adequate management of unstable babies
during the transition to extrauterine life can influence lifelong outcomes.

© 2018 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of the Creative
InteChOpen Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
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Providing optimal respiratory support is crucial to improve tissue oxygenation and guarantee
normal gas exchanges. However, the physiological fetal-neonatal transition includes several
crucial steps, which are difficult to achieve when the baby is extremely preterm. In fact, the
lung and the chest wall of the preterm infants have essential characteristics making the
newborn at the risk of developing respiratory distress syndrome (RDS).

1.1. Pathophysiology of RDS

The respiratory transition is usually recognized as a three-phase process, which reflects the
three physiological status of the lung during the transition to extrauterine life.

In the first phase [1] of the respiratory transition, the lungs are fluid filled, and for this reason,
no gas exchange can occur. Immediately after birth, with the first few deep breaths, a large
tidal volume (V) is generated, followed by a cascade of physiological events, promoting the
clearance of the fluid from the lungs and the establishment of pulmonary gas exchanges.

All these changes are critical for initiating postnatal circulation and for the achievement of an
early and adequate functional residual capacity (FRC).

During the second phase, lung fluid should be prevented from re-entering the lung. In order to
avoid the continuous opening and closing of the alveoli, endogenous surfactant and positive
end-expiratory pressure (PEEP) play an important role in reducing surface tension and
preventing alveoli collapse, respectively.

The third phase, then, is characterized by the initiation of gas exchange and the subsequent
establishment of cardio-respiratory homeostasis.

While all these transitions are made by the healthy full-term newborn by himself within a few
minutes after birth, preterm infants must deal with several physiological impairments to
properly aerate the lung.

In fact, between the periods of viability (23 weeks’ gestation) to 35 weeks’ gestation, the
preterm lung undergoes several complex anatomical and physiological changes, which
include structural maturation, increase in surfactant production and storage, improved ability
to clear fetal lung fluid, and enhanced epithelial barrier function. All these modifications
progressively reduce the incidence of RDS, which falls to 5% when the baby is near term (> 36
weeks of GA).

RDS, also known as hyaline membrane disease, is the most frequent respiratory disorder in
preterm infants. Over the last decades, the introduction of antenatal steroids and exogenous
surfactant, besides significant improvements in ventilation strategies, have significantly
improved survival rate, short-term complications, and long-term respiratory and neurodeve-
lopmental outcomes of the preterm neonate.

RDS typically affects infants <35 weeks gestational age (GA) but older infants who have
delayed lung maturation may be at risk as well. Low gestational age (GA) is the greatest risk
factor for RDS (Figure 1), and its incidence varies inversely with birth weight among adequate
for gestational age (AGA) infants (Table 1).
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The clinical diagnosis is made in preterm infants with respiratory difficulty, which includes
tachypnoea, retractions of the rib bones, grunting respirations, nasal flaring, and increasing O,
requirement. As shown in Figure 2, RDS plays a relevant role in premature infants” outcome in
the first weeks of life, underlying how the proper ventilatory management is crucial for
survival.

2. Interventions in the delivery room

2.1. Thermoregulation

Especially in preterm infants, maintenance of thermal homeostasis is crucial for the success of
postnatal transition. This population, in fact, is particularly susceptible to cold stress and
hypothermia, related to increased neonatal mortality [2—4].

Thermoregulation after birth is mainly dependent on the capacity of the neonate to activate
thermogenesis using brown adipose tissue. Unfortunately, preterm infants lack sufficient
brown fatty tissue deposition, and for this reason, they are highly exposed to an unequivocal
tendency toward hypothermia once they leave maternal milieu.

The exact range within the newborn body temperature should be kept is not well defined, but
using a target range of 36.5-37.5°C seems to be reasonable. On the contrary, mild neonatal
hypothermia has been defined as mild when the body temperature is between 36.0 and 36.5°C,
moderate at 32.0-35.9°C and severe below 32.0°C. There is a dose-related effect on mortality
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with an increased risk of approximately 30% for each degree below 36.5°C body temperature
at admission.

Both hypothermia and hyperthermia should be avoided during stabilization and upon admis-
sion to the neonatal intensive care unit. Of note, low temperature worsens the susceptibility of
premature infants to hypoglycemia. Cold stress with following altered pulmonary vascular tone
and metabolic acidosis can worsen respiratory transition and trigger respiratory failure onset.

Systematic monitoring of temperature during resuscitation (preferably skin and rectal) is
therefore mandatory to prevent inappropriate uncontrolled temperature variations.

Strategies to minimize heat loss include occlusive wrapping, exothermic warming mattress,
warmed humidified resuscitation gases, polyethylene caps, and adequate DR temperature.

It is recommended that DR should be maintained at a temperature ranging 23-26°C, to the
upper limits when expecting the birth of a very preterm infant (<28 weeks’ gestation) [5]. Then,
all infants below 28 weeks’ gestation or <1500 g should be wrapped in polyethylene or
polyurethane bags [6] up to their necks as soon as they are delivered, without being previously
dried, to reduce heat loss and keep an adequate humidity [7]. The head coverage is fundamen-
tal, regardless of the material used for the hats, for two main reasons: the brain is a primary
heat-producing organ and the head represents an extensive component of the neonatal body
surface area.

Exothermic mattresses and radiant heaters are also recommended, with an accurate control of
the babies’ temperature especially after the first 10 minutes after birth, when the risk of
hyperthermia substantially increases [5, 8].

An attractive way to promote thermoregulation is the application of skin-to-skin contact as a
means of preventing heat loss at birth. This alternative is obviously applicable only to infants
requiring minimal stabilization at delivery, assuming that techniques of skin-to-skin contact
are carefully performed.

2.2. Ventilatory strategies promoting airway liquid clearance and alveolar recruitment

As previously mentioned, the preterm neonate, particularly that of an extremely low gesta-
tional age (ELGAN), often has limitations in achieving and maintaining “adequate” lung
volume, mainly because surfactant production and storage are not sufficient and the respira-
tory effort is not effective [9].

In a preterm infant, lung volume optimization from the first breath should lead to a more
physiological transition to neonatal life while maintaining adequate gas exchange and
preventing, or at least limiting, lung injury [10].

The achievement of an adequate FRC at birth seems to be a crucial point for noninvasive
respiratory support success.

To facilitate this achievement, reduced lung damage and improved oxygenation, continuous
positive airway pressure (CPAP) has been advocated as the optimal strategy for the initiation
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of respiratory support [11-13]. If an infant fails to breathe spontaneously, current neonatal
resuscitation guidelines recommend positive pressure ventilation (PPV) via a face mask [14].

Devices through which PPV can be applied are different according to the level of care pro-
vided by the unit.

Ventilation bags are the most easily found in the delivery room, and given the small Vr of
neonates (4-8 mL/kg), they should not be larger than 750 ml to avoid excessive volume
delivery and therefore volutrauma.

There are two types of ventilation bags: self-inflating bags and flow-inflating bags. The first
one is relatively easier to use, and the recoil of the bags allows refilling even with no com-
pressed gas source. Most self-inflating bags have a pressure release valve to prevent excessive
pressure build-up and should release at approximately 30-35 cmH,O. To deliver 100% oxygen,
the bags must be connected to an oxygen reservoir. Otherwise, a maximum of 40% oxygen will
be reached.

The flow-inflating bag only inflates when compressed gas is flowing into it, and the patient
outlet is occluded. Proper use of flow-inflating bag requires a relative more training and
practice.

Neither of these devices is optimal for the stabilization of preterm infants needing CPAP,
because self-inflating bags cannot deliver positive pressure continuously, and on the other
hand appropriate levels of CPAP are difficult to achieve and maintain with a flow-inflating
bag. The T-piece resuscitator is the most widespread device in neonatal units, and like the
flow-inflating bag, depends upon a compressed gas source and requires a tight face mask or
endotracheal tube to inflate the lungs. With T-piece, it is easier to set and maintain PEEP and to
administer PPV. One example of a T-piece resuscitator is the Neopuff™, which is flow-
controlled and pressure-limited and specifically designed for application in neonatal settings.
There is no wide consensus about which is the optimal PEEP to start resuscitation with.
However, the latest ERC guidelines suggest a value around 5-6 cmH,O [14], while the Euro-
pean Consensus recommends at least 6 cmH,O to be individualized according to clinical
condition, oxygenation, and perfusion [8].

Recent studies on preterm lamb have shown that a stepwise PEEP strategy at birth emphasiz-
ing time- and pressure-based recruitment and titrated to the subject’s lung mechanics was
feasible and demonstrated short-term beneficial results [15]. An observational study describ-
ing DR management with stepwise increments of PEEP (e.g., from 8 to 14 cmH,0) plus
surfactant administration among infants <26 weeks GA was shown to improve the rates of
survival and morbidity, and reduce the need for mechanical ventilation (MV) [16]. However,
since this approach included other interventions that may have interfere the final outcomes,
there is a need for further evidence from a randomized trial before gaining wide acceptance.

There are several situations in which using bag and mask or a T-piece resuscitator is not
sufficient to provide an efficient ventilation, which is the most important goal to achieve to
guarantee normal perfusion and therefore normal gas exchange. The most likely cause for
heart rate (HR) < 60 bpm, in fact, is deficient oxygenation of the cardiac tissue.
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Tube size Birth weight (g) Gestational age (weeks)
(internal diameter)

2.5 <1000 <26

3 10002000 27-34

35 2000-3000 35-40

3.5-4 >3000 >38

Table 2. Suggestions for ETT size (Wyllie P, Neonatal Endotracheal Intubation, Arch Dis Child Educ Pract Ed. 2008 Apr;
93(2):44-9).

When ventilation with these devices does not show effects on chest expansion, HR and/or
saturation of peripheral oxygen (SpO,) or when PPV mask ventilation is prolonged, endotra-
cheal intubation must be considered.

Supplies and equipment for endotracheal intubation should be readily available in the DR.

Intubation can be performed orally or nasally, although the oral way is usually preferred in
emergency intubation because it is faster and easier to perform. However, both these tech-
niques have their unique complications and share a few as well.

The tube size should be usually chosen according to the estimated weight of the newborn and/
or to gestational age. Suggestions are shown in Table 2. However, other clinical considerations
must be taken into account (e.g., nares size, malformations, glottis dimension, etc.).

To properly insert the tube at the right depth, a practical rule can be used:
Weight of the baby (kg) + 6 = position of the tube (cm); for example, 2 (kg) + 6 =8 cm

Another popular way to rapidly calculate the depth of the endotracheal tube insertion is the
“7-8-9 rule,” which is translated into a baby weighing 1 kg intubated to 7 cm, an infant of 2 kg
to 8 cm and one of 3 kg to 9 cm. This method should not be applied in neonates <750 g [17].

After having achieved alveolar recruitment in the DR, with the initiation of gas exchanges and
clearance of lung fluid, is of great importance to maintain a constant distending pressure in the
airway using CPAP or PPV, to avoid losing the acquired FRC. For this reason, transport to the
neonatal unit must be done with extreme care and should aim at guaranteeing a reliable
administration of pressure in the recently recruited lung, always trying to limit the risk of lung

injury.
2.3. Heart rate and oxygen saturation

During resuscitation maneuvers, HR and SpO, are monitored continuously using pulse oxim-
etry, because they reflect the efficacy of the fetal-neonatal transition process [5].

The pulse oximeter should be placed on the right hand or wrist of the infant as soon as the
baby is placed on the resuscitation trolley.

During neonatal resuscitation, an increase in HR is an indicator for effective ventilation [5, 18].
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For this reason, a quick and reliable detection of the cardio-respiratory parameters is crucial to
optimize critical interventions [19]. In fact, it has been demonstrated that alternative methods
such as evaluation of HR using the stethoscope or palpation of the umbilical cord are not as
accurate, especially in extremely preterm infants and when the baby is bradycardic [20-23].

Recently, besides the use of pulse oximetry, ECG monitoring has been proposed as an alterna-
tive to display HR during resuscitation [24]. However, challenging ECG lead placement on the
wet skin, epidermal loss at the site of leads placement, and overestimation of HR in the setting
of potential pulseless electric activity need a particular skill by the clinician to avoid delay in
resuscitation maneuver.

Since in utero, the fetus is exposed to low relative blood oxygen tension, and thus fetal life
occurs in a hypoxic environment, defining specific ranges for normal HR and SpO, at birth has
been a priority for a rational use of oxygen therapy in the DR.

Preterm infants, in fact, are at high risk for hyperoxia-induced damages due to the immaturity
of the mechanism that protects against oxygen free radicals. For this reason, avoid inappropri-
ate O, administration, and consequently useless interventions, are mandatory. With the aim of
correctly titrating fraction of inspired oxygen (FiO,) in the DR, Dawson et al. have defined the
range values for SpO, and HR in the newly born infants, which are now incorporated into
resuscitation guidelines (Figure 3).
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Figure 3. Normal ranges of heart rate and SpO, within the first 10 min of life in term and preterm infants who received no
medical intervention at birth (Dawson et al.).
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However, there is currently uncertainty about the optimal oxygen concentration at which
starting resuscitation of preterm infants.

Considering what is shown in a meta-analysis by Saugstad et al. [25], resuscitation of term
infants in air reduced mortality in comparison with resuscitation with 100% oxygen. Thus,
babies born at term and near-term should initially be resuscitated with air (FiO, 21%). On the
other hand, very preterm infants who are initially resuscitated with air nearly always receive
some supplemental oxygen in the subsequent minutes [18, 26]. Then, it seems that starting
with intermediate FiO, titrating in the course of resuscitation is more appropriate for very
preterm infants. Pending further evidence, the latest International guidelines on resuscitation
[5] now strongly recommend initiating stabilization of preterm infants less than 35 weeks
gestation with lower initial FiO, (21-30%). They also advocate against using high oxygen
concentrations (65-100%), underlying instead the importance of not exposing these infants to
additional oxygen without proven benefit.

2.4. Sustained inflation

Sustained inflation (SI) is defined as “a positive pressure inflation designed to establish FRC
and applied over a longer period of time than would normally be used to deliver subsequent
tidal inflations” [27].

The rationale behind SI relies on the concept that maintaining positive pressure for a
prolonged time provides the lung with the necessary pressure gradient to drive the fluid along
the airways distally and aiding transition in infants with inadequate respiratory effort.

For this reason, the SI maneuver is an intriguing approach to allow premature infants to
achieve an FRC rapidly. This experimental maneuver has been successfully used to recruit the
lung in the early transitional phase to extrauterine life and in preventing repeated collapse and
the opening of alveoli preterm animal models [28]. Reports of prompt increases in HR, as well
as cerebral and systemic oxygenation in preterm infants exposed to SI in the DR, are signs
suggestive of a positive effect of this maneuver [29].

Studying the resuscitation of asphyxiated near-term infants, Vyas et al [30] observed that the
first inflations considered at the end of a 1” inflation gas were still entering the lung. Hence,
they speculated that a longer inflation time would increase the Vt. They showed that in
maintaining the initial inflation for approximately 5”7, the Vt was doubled. According to these
findings, the latest ERC neonatal guidelines recommend to maintain the initial pressure for 2-3"
for the first five inflations [14].

Sustained inflation can be delivered with a face mask or through an endotracheal tube.
However, effects on infants [31, 32] using face masks have shown to be less impressive than
using a tube in animal models [33], probably because of the tendency toward active closure of
the glottis in infants during apnea or hypoxia [34, 35].

Observational studies analyzing the effect of SI in the have reported a significant reduction in
rates of intubation and MV, bronchopulmonary dysplasia (BPD), and use of oxygen [36],
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which led to the design of several randomized controlled trials to compare SI with PPV alone
[31, 37].

However, there is a lack of data regarding the optimal pressure to deliver and the best duration
of the prolonged inflation. Thus, concerns regarding the safety of this technique still need to be
clarified. A potential method could be end-tidal CO, (ETCO,) monitoring, which have shown to
be feasible to guide length of SI during resuscitation [38]. Also, the effectiveness of SI maneuver
can be largely influenced by several factors, such as the different skill of the clinical team,
interface through which a SI is delivered [39], the infant’s respiratory effort [35] and mask leak
[32]. Given these findings, SI might not be the optimal approach in all apneic infants.

This data, besides the paucity of large well-designed RCT on the routine use of SI, especially in
the most premature infants, suggest that its application should be actually limited to research
settings, in according with AAP [40] and ERC guidelines [14].

2.5. Surfactant administration

The introduction of surfactant replacement therapy in early 1990s was a milestone in the
treatment of preterm babies, leading to a significant reduction in mortality and to a different
approach in respiratory problems of premature neonates. In fact, exogenous surfactant is
nowadays routinely used in clinical practice to treat RDS.

The types of surfactant currently commercialized are animal-derived and are obtained from
either bovine or porcine lungs.

Due to its composition, surfactant can reduce surface tension on the inner surface of the alveoli,
thus preventing alveoli from collapsing during expiration.

In the last decades, the use of surfactant has changed consistently, and recommendations for its
administration have been modified. For decades, the standard stabilization method for very
preterm infants <29 weeks GA was endotracheal intubation and surfactant replacement ther-
apy in the DR. However, a recent Cochrane meta-analysis [41] concluded that thanks to the
widespread use of antenatal steroids and noninvasive respiratory support, routine prophylac-
tic surfactant treatment provides no advantage over selective surfactant administration. In fact,
prophylactic intubation and surfactant administration, compared with early noninvasive
CPAP therapy, does not reduce BPD risk in preterm infants [12, 42, 43].

However, the efficacy of noninvasive respiratory support is closely related to GA. Among very
low birth weight (VLBW) infants initially managed with N-CPAP about 50% of needs subse-
quent intubation and MV [11]. For this reason, in very preterm infants, early rescue surfactant
therapy seems to be appropriate [36, 44] and should be considered early in the DR or immedi-
ately at NICU entry. According to the latest Consensus on the management of RDS [8], babies
showing signs of RDS are recommended to be treated with early surfactant rescue therapy, and
if the baby needs intubation surfactant should be given.
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Providing early rescue surfactant (within the first 2 h of life) to mechanically ventilated
preterm infants, as compared with delayed surfactant administration (after the second
hour of life), reduces the risk of BPD and the composite of death or BPD (RR 0.83, 95% CI
0.75-0.91) [45].

As mentioned previously, prenatal history must be carefully considered among the criteria for
surfactant administration (especially prenatal steroids which promotes lungs’ maturation).

As it is noted from literature MV, especially when prolonged, has been widely shown to be
associated with BPD onset, neurodevelopmental impairment and death [12, 46]. With the aim
to reduce these risks, limiting endotracheal ventilation, the so-called INSURE procedure was
introduced in clinical practice. It combines intubation, surfactant treatment, then rapid
extubation back to noninvasive respiratory support.

Recently, other strategies to administer surfactant avoiding endotracheal intubation and sub-
sequent MV are gaining in popularity [47-49]. They are commonly called “LISA” (Less Inva-
sive Surfactant Administration) or “MIST” (Minimally Invasive Surfactant Therapy). Kribs
et al. perform direct laryngoscopy and using a Magill forceps place a feeding tube in the
trachea, with no premedication [50, 51]. Overall, the need for MV was reduced; however, no
differences in BPD or death were observed. [47]

The MIST technique uses a narrow-bore tracheal catheter during direct laryngoscopy [48, 49]
without using Magill forceps.

Observational studies using MIST reported a reduction in the need of MV in 25-28 weeks’
gestation babies with a similar trend at 29-32 weeks’ gestation.

Although these minimally invasive modes of administering surfactant are promising, their
feasibility needs to be better established, especially in the periviable period.

2.6. Early use of caffeine

The early use of caffeine, which has been used for many years to treat apnea of prematurity,
seems to be a promising approach. Early treatment (2 vs. 12 h of life) is associated with
improved blood pressure and superior vena cava flow without any differences in need for
intubation or vasopressors in a small cohort of preterm infants [52].

Moreover, when caffeine is administered early in the DR, it has shown to be effective in
increasing spontaneous breathing. Moreover, Dekker et al have found that caffeine enhances
the GA-related increase in minute ventilation, and that the stimulatory effect of caffeine on
minute ventilation increases with GA [53].

To date, international guidelines do not suggest caffeine administration in the DR, due to lack
of extensive studies. However, further evidence is needed to verify its efficacy and benefits
when used earlier.
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2.7. Practical suggestions:

1. Provide initial alveolar recruitment (using PEEP, short SI, prolonged SI in research setting)

2. Evaluate the presence and efficacy of spontaneous breathing and provide the ventilatory
support accordingly:
e CPAP: PEEP = 6 cmH,0, FiO,

*  PPV: peak inspiratory pressure (PIP) = 25-30 cmH,O PEEP 6 cmH,0O RR 40-60 bpm

3. Evaluate response to mask ventilation and titrate support accordingly
e HR (>100 bpm)

*  5pO; (consider postnatal range values)
¢ If available, use ETCO, device and REM to verify gas exchange and exhaled V1 (V)
4. Consider surfactant administration

5. Assure maintenance of recruitment during transport to NICU (PPV/CPAP delivered with
mask or endotracheal tube or prongs)

2.8. Cord clamping

The current neonatal resuscitation guidelines recommend in term infants delayed cord
clamping (DCC) for at least 30 s, although the optimal timing is poorly studied. DCC as
opposed to early cord clamping is associated with increased birthweights, hemoglobin levels
at 2448 h, iron stores at 3-6 months [54] and reduced hospital mortality [55]. However, there
are some areas of concern surrounding DCC.

Babies undergoing DCC seem to be more likely to need phototherapy for jaundice. It is
hypothesized that DCC babies will have a greater incidence of hyperbilirubinemia due to
increased iron stores. Pending further evidence, this is an important aspect to consider in
settings where kernicterus is common.

Regarding the influence of DCC on respiratory mechanics, there is lack of evidence. A
Cochrane review found that babies receiving DCC babies are no more at risk than ICC infants
of developing RDS [56], despite limited numbers of studies included and the small size
population.

When a baby requires resuscitation or shows clinical conditions, which suggest medical inter-
ventions, DCC is not recommended. Thus, under specific circumstances (severe respiratory
failure, asphyxia, etc.) an alternative maneuver called “cord milking” has been proposed. It
consists of stripping the umbilical cord approximately 20-40 cm once or several times (2—4)
from the placental end toward the proximal site of the cord. It can be performed in few seconds
either while the cord is still attached to the placenta or not.

Whether cord milking is a valid alternative to cord clamping is still under investigation.
However, in a population of term infants, early cord clamping with cord milking has shown
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to increase hemoglobin concentration and iron stores at 6 months of age [57]. The same
procedure in late preterm infants is associated with improved iron stores at 6 weeks but also
increases the risk of jaundice needing phototherapy [58].

There is paucity of evidence regarding the effects of cord milking on neurodevelopmental
outcomes.

2.9. Monitoring during neonatal transition

Although the use of multiple devices monitoring resuscitation (pulse oximetry, ECG, respira-
tory function monitor-RFM, end-tidal CO,, NIRS) is still challenging in the DR, there is an
increasing interest in monitoring physiologic changes during neonatal transition [59-62].

When preterm infants need respiratory assistance in the delivery room, REM is desirable to
deliver adequate and gentle resuscitation maneuvers and to identify potential pitfalls during
mask ventilation [63]. However, establishing this approach may be technically challenging.

Despite all the efforts to optimize resuscitation by the neonatologists, there are several situa-
tions in which the efficacy of PPV or CPAP mask ventilation is compromised.

Mask leaks, airways obstructions (e.g., laryngeal closure [64]), interruptions of ventilation due
to drying or hat placing are just some examples of how the ventilation can lose efficacy and be
suboptimal [65] to deliver a safe and appropriate Vt.

Moreover, the majority of VLBW infants often show a respiratory effort, which is difficult to
evaluate, making the decision to start PPV or use CPAP only particularly tricky. Especially in
these babies, delivering the adequate Vtis fundamental, because of the high risk of damaging the
lung with volutrauma. Measuring the Vt, in fact, is not currently possible without specific
devices.

The RFM (Figure 4) can integrate and show in real-time information about pulse oximetry and
the main respiratory data, reflecting the efficacy of the resuscitation maneuvers. Particularly, a
pneumotachometer connecting the resuscitator device and the patient interface provides data
of delivered pressures and flows [66, 67] (Figure 5). Integration of the flow signal offers data on
inspiratory and expiratory tidal volumes (Vti and V). This information helps the neonatolo-
gist in changing the PIP level to achieve adequate ventilation (Figure 2). Moreover, real-time
observation of the flow signal is useful to detect face mask leaks or obstructions, which
significantly influence a successful mask ventilation. In addition, the flow signal can help in
verifying the efficacy of endotracheal intubation.

Upon informed parental consent, RFM can also be used in debriefing sessions of the resuscitation
team or for educational purposes, since it is able to video-record the DR stabilization process.

However, RFM does not provide information about the success of lung aeration.

Carbon dioxide (CO,) levels are good indicators of efficacy in gas exchange [68], and for this
reason, colourimetric CO, detector is currently used to detect the correct placement of the
endotracheal tube [69-71].

69



70 Pregnancy and Birth Outcomes

Figure 4. Resuscitation setting with RFM.
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Figure 5. The picture describes the signals recorded by an RFM during stabilization of a preterm infant in the DR. The
signal of pressures delivered during mask PPV is indicated as Pmask, expired tidal Volume calculation (Vr), flow signal,
pulse rate, and oxygen saturation (SpO,) are recorded concurrently. Pulse rate and SpO, raise in this example is clearly
related to raise in peak pressures during mask PPV with a following increase in Vre.

To date, several observational studies have reported the value of using exhaled CO, measure-
ment to assess lung aeration and guide respiratory support in the DR [59, 68].

Even if it is a new technique, which must be further investigated to be standardized as a
routine practice in the DR, ETCO, monitoring has been recently shown to be a promising
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measurement to evaluate the degree of lung aeration and the onset of gas exchange. Moreover,
it has been successfully used to monitor SI maneuver during resuscitation [38].

While peripheral oxygen saturation is easily monitored by pulse oximetry and is routine in the
DR, Near-infrared spectroscopy (NIRS) allows noninvasive continuous real-time measurement
of the regional tissue oxygen saturation. Hence, using NIRS has the potential to monitor
cerebral oxygen delivery [72]. Having this information during resuscitation of preterm babies
with RDS, could optimize the use of oxygen in the DR and reduce its potential damages.

All the techniques described are potentially intriguing, but further evidence is needed to apply
them into routine clinical practice in the DR.

3. Summary

Preterm infants at birth have to face with several limitations, which are inversely proportional
to their gestational age. Moreover, prenatal factors play a crucial role in the prognosis and can
guide the clinicians in the decision-making process, as early as in the DR.

Antenatal steroids prophylaxis, maternal complications (e.g., diabetes or gestosis) or intrauter-
ine growth restriction may influence surfactant synthesis and storage, mode of delivery and
use of general anesthesia may interfere in fetal-neonatal transition and therefore must be
considered when the baby is about to be delivered and when resuscitation starts. If RDS signs
are already present at birth, several interventions can be adopted to optimize cardio-
respiratory management, to improve gas exchange and therefore oxygenation.

An appropriate management from birth, in fact, should lead to the achievement of an early
FRC and the following steps should aim at maintaining an adequate lung volume facilitating a
more stable systemic and cerebral hemodynamics.

Literature underlines the importance of a tailored respiratory management of preterm infants
from birth and during the whole NICU stay to reduce mortality rate and occurrence of severe
respiratory (e.g., BPD) and neurological sequelae (e.g., intraventricular hemorrage and
periventricular leukomalacia).
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