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Foreword

Comprehensive Neonatal Nursing Care has been the go-to resource 
for evidence-based and practical guidance for novice and expert 
neonatal nurses in classroom and clinical settings since 1993. As 
we have come to expect and rely upon, the new sixth edition in-
cludes the latest information on neonatal embryology, physiology, 
medical and surgical management, psychosocial care, emerging 
infections, neuroprotection, pain control, care of the late preterm 
infant, and much more. The textbook is organized with a focus on 
integrative management of the newborn and family. There is exten-
sive use of research findings in each of the chapters to provide ev-
idence to support practice strategies and clinical decision-making. 
Complete references are found at the end of each chapter.

In the new sixth edition, the chapters have been thoroughly 
updated and refreshed with the latest research and practice tips, 
written by authors who are recognized experts in their fields. New 
features include callouts highlighting parent perspectives, quality 
and safety practice points, and emergency alerts. There are new 
chapters on trauma-informed care, neonatal abstinence, and sup-
port for families. Uniquely among neonatal textbooks, the sixth 
edition of Comprehensive Neonatal Nursing Care includes a fo-
cus on the neonatal care ecosystem, with chapters on emerging 
trends in research and care delivery, genetics and genomics, and 

competency-based education and support for neonatal unit man-
agers and directors.

In today’s world, neonatal nurses are faced with the constant 
threat of information overload and ever-present concerns about the 
accuracy and relevance of what appears in print, online, and in videos, 
blogs, podcasts, or instant messages. It is therefore reassuring—and 
indeed essential—to have the well-written, accessible, thoroughly 
researched and accurate Comprehensive Neonatal Nursing Care as 
our constant and trustworthy companion as we strive to provide 
high-quality care to all newborns and their families. The editors 
and authors are to be congratulated for maintaining such a high 
standard of excellence and practical application. Your dedication 
enables neonatal nurses everywhere to provide essential care to the 
more than 30 million sick and premature newborns and their fami-
lies who depend on nurses to survive and thrive.

Thank you!

Linda S. Franck, PhD, RN, FRCPCH, FAAN
Professor and Jack & Elaine Koehn Endowed  

Chair in Pediatric Nursing
Department of Family Health Care Nursing

University of California, San Francisco
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Preface

One of the most complex issues in healthcare is the care of sick 
or premature infants and those with multiple, severe congeni-
tal anomalies. Despite advanced technology and knowledge, 
preterm delivery continues to be a significant problem in the 
United States. Maternal risk factors have changed over the past 
decade. For example, more women with congenital heart anom-
alies and chronic illnesses, such as diabetes or sickle cell anemia, 
are giving birth to infants with consequent health problems. The 
rise of in vitro fertilization has resulted in increased multiple 
births and prematurity. Many infants in neonatal intensive care 
units (NICUs) have been exposed to substances or are born to 
mothers with other risk factors such as delayed childbearing or 
childhood cancers.

The care of these at-risk infants requires the use of more and 
more complex technology. Surfactant administration, nitric oxide 
administration, high-frequency jet ventilators, neurally adjusted 
ventilatory assist (NAVA; Stein & Firestone, 2014), and new hy-
brid ventilators providing high-frequency and conventional modes 
of ventilation are being used in Europe and are likely to be brought 
to the United States for Food and Drug Administration (FDA) ap-
proval. New technologies now can provide continuous, noninva-
sive monitoring of endotracheal tube position and obstruction 
(Hütten et  al., 2015). Servo-controlled oxygen administration, 
which leads to greater compliance with targeted oxygen saturation 
ranges, is being developed (Claure & Bancalari, 2015). Near-in-
frared spectroscopy (NIRS), amplitude-integrated EEGs (aEEGs), 
dialysis, organ transplantation, and other extraordinary measures 
are becoming commonplace. Better integration of technologies 
(both electronic medical records [EMRs] and medical devices) will 
be the basis for decision support and predictive analytics. How-
ever, in the midst of these high-tech interventions, neuroprotective 
developmentally supportive care interventions such as olfactory 
and gustatory support, using visible rather than audible alarms, 
music therapy, cycling lights, using more physiologically and de-
velopmentally appropriate positioning, and skin-to-skin contact 
are being recognized as evidence-based neuroprotective inter-
ventions, due to increasing evidence regarding the importance of 
maintaining a developmentally supportive NICU environment for 
improved long-term infant/child and family outcomes. Some con-
sequences of prematurity are caused by early parent–infant sep-
aration and a lack of parents’ participation in the care of their 

infant during traditional neonatal intensive care. The family is an 
essential partner in decision-making and care for their infant, and 
family-centered care is being expanded to family-integrated care, 
a paradigm shift from nurse caring to nurse coaching for parents 
providing the care.

Providers of neonatal care need up-to-date accurate and 
comprehensive information as a basis for providing care to new-
borns. A thorough understanding of normal physiology as well 
as the pathophysiology of disease processes is necessary for 
well-designed care practices. Knowledge about associated risk 
factors, genetics, critical periods of development, principles of nu-
trition and pharmacology, and current neonatal research findings 
are all essential in providing optimal care for neonates. A newer 
concept called de-implementation refers to the science of aban-
doning and unlearning practices built on the scaffolding of habit. 
Practices that are novel but yet not fully tested, unproven prac-
tices (those that lack supporting evidence), and practices of habit 
(practices that continue despite contradictory evidence) should go 
through the process of de-implementation. Care practices need to 
be based on best evidence-based practices available, rather than 
on tradition and habits.

A multidisciplinary approach has been replaced by an in-
tegrated interprofessional approach to care. All these elements 
form the foundation for assessment, planning, implementation, 
and evaluation of the effectiveness of neonatal care. The nurse 
plays a vital role in the provision of integrated healthcare to 
newborns. During the past decade, the nurse’s role has included 
added responsibilities, which are recognized at both the staff and 
advanced practice levels. For the purposes of this book, we define 
the roles of the neonatal staff nurse, clinical nurse specialist (CNS), 
and neonatal nurse practitioner (NNP).

NEONATAL STAFF NURSE

The neonatal staff nurse role requires accurate and thorough 
assessment skills, excellent ability to communicate with other 
health professionals and patients’ families, and a broad under-
standing of physiology and pathophysiology on which to base 
management decisions. It requires highly developed technical 
skills as well as critical decision-making skills. With healthcare 
delivery changes, the role also requires supervision of ancillary 
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personnel and an informed delegation of certain patient-oriented 
tasks. These changes require the staff nurse to possess even better 
assessment skills and sound knowledge of physiology and patho-
physiology than in the past because some decision-making will 
be done in concert with other, less highly trained personnel. Ad-
ditionally, the neonatal nurse is an essential contributor to the 
decision-making process surrounding the care of the critically 
ill neonate, including involvement in the ethical challenges that 
may occur regarding the level of care provided. In a recent posi-
tion statement (#3067) by the National Association of Neonatal 
Nurses (NANN; Conway-Orgel, 2016), it was recommended that 
nursing be a part of the multidisciplinary team that facilitates 
decision-making affecting the health and well-being of the infant 
throughout the hospital stay.

In 2014, as the professional voice of neonatal nurses, NANN 
published a position statement (#3061) recommending that sub-
specialty NICUs (Level II, III, and IV NICUs) be staffed with a 
sufficient number and an appropriate mix of qualified registered 
nurses to attend to the emergent and complex care requirements of 
critically ill and convalescent infants (NANN, 2014c).

CLINICAL NURSE SPECIALIST

CNSs are advanced practice registered nurses (APRNs) who have 
graduate preparation (master’s or doctorate) in nursing. Like other 
APRNs, they are trained in physiology, pharmacology, and phys-
ical assessment in addition to their particular areas of specialty. 
CNSs are expert clinicians with advanced education and training 
in a specialized area of nursing practice who work in a wide vari-
ety of healthcare settings. Regardless of specialty or setting, CNSs 
provide leadership in clinical expertise, nursing practice, and sys-
tems innovation. CNSs provide for the diagnosis, treatment, and 
ongoing management of patients. CNSs diagnose, develop plans 
of care for, treat, and provide ongoing management of complex 
patients. In many states, the CNSs can prescribe medications and 
offer durable medical equipment and therapies. They also provide 
expertise and support to nurses caring for patients at the bedside, 
help drive practice changes throughout the organization, and en-
sure the use of best practices and evidence-based care to achieve 
the best possible patient outcomes. Research and demonstration 
projects have shown that the CNS role is uniquely suited to lead 
implementation of evidence-based quality improvement actions 
that also reduce cost throughout the healthcare system (National 
Association of Clinical Nurse Specialists, 2016).

NEONATAL NURSE PRACTITIONER

The NNP is a registered nurse with clinical expertise in neonatal 
nursing who has received formal education at either the master’s 
or doctoral level, with supervised clinical experience in the man-
agement of sick newborns and their families. The NNP manages 
a caseload of neonatal patients with consultation, collaboration, 
and general supervision from a physician; however, many state 
legislatures are following the Institute of Medicine’s (IOM’s) 
recommendation for autonomous NNP practice by repealing re-
strictive practice laws, thereby increasing healthcare access for 
millions of patients (American Association of Nurse Practitioners, 
2018; Barton Associates, 2019). As a result, NNPs have increas-
ing authority and responsibility. Using extensive knowledge of 
pathophysiology, pharmacology, and physiology, the NNP exer-
cises independent or intradependent (in collaboration with other 
health professionals) judgment in the assessment, diagnosis, and 

initiation of certain delegated medical processes and procedures. 
As an advanced practice neonatal nurse, the NNP is additionally 
involved in education, consultation, and research at various levels.

NANN and the National Association of Neonatal Nurse 
Practitioners (NANNP), a division of NANN, published position 
paper #3059, a synthesis of previous efforts, which discusses the 
role, preparation, and scope of practice of the neonatal APRN 
(NANN, 2014b). NANN and NANNP define the educational and 
preparation standards for those pursuing the NNP role. NANN 
published a position statement in 1990, reaffirmed the defini-
tion of the NNP in 2000, and in 2009 issued another position 
statement that defined the NNP competencies (NANN, 2009). 
NANN (2014a) reaffirmed these core competencies for NNPs 
in its Education Standards and Curriculum Guidelines for Neo-
natal Nurse Practitioner Programs in 2014, which were further 
elaborated upon by NANNP in the development and revision of 
its Competencies and Orientation Toolkit for Neonatal Nurse 
Practitioners (NANNP, 2014). In 2017, NANN and NANNP 
published a document describing the minimum standards nec-
essary for preparation of NNPs, titled Education Standards and 
Curriculum Guidelines for Neonatal Nurse Practitioner Programs  
(NANN, 2017).

In the current practice environment, outcome measures spe-
cific to the NNP must now be incorporated into professional 
requirements. To guide the process of continuous practice eval-
uation, individual practice standards have been provided by The 
Joint Commission in the form of ongoing professional practice 
evaluation or as focused professional practice evaluation (The 
Joint Commission, 2015). To accomplish this goal, NNPs must 
participate, direct, and develop performance metrics to evaluate 
their individual (direct) and collaborative (aggregate) contribu-
tions to improving patient and family care and outcomes while 
demonstrating decreased healthcare expenditures (Snapp, Wilson, 
Puchalski, & Wallace, 2016). Developing these outcome evalua-
tion tools and processes will assist in the benchmarking and vali-
dation of care provided by NNPs.

The American Association of Colleges of Nurses (AACN) has 
proposed a change in the educational preparation for APRNs. The 
proposal recommends that the nurse practitioner be prepared at a 
“doctor of nursing practice” (DNP) level. This will likely affect the 
NNP role, as well as other APRNs, over the next few years.

PURPOSE AND CONTENT

The book’s sixth edition provides a comprehensive assessment and 
examination of the care of neonates from a physiologic and patho-
physiologic approach appropriate for any health professional con-
cerned with neonatal care.

This text provides a complete physiologic and embryologic 
foundation for each neonatal body system. Additionally, it in-
cludes medical, surgical, and psychosocial care because the in-
tegrative management approach is absolutely imperative to the 
well-being of the newborn and family. Appropriate diagnostic tests 
and their interpretation are included in each organ-system chap-
ter. There is extensive use of research findings in the chapters to 
provide evidence to support practice strategies and demonstrate 
the rationale for clinical decision-making. Complete references for 
more in-depth reading are found at the end of each chapter so 
that the reader may pursue more specific information on a topi-
cal area. Use of tables and illustrations further supports material 
that is presented in the narrative portions. New to this edition are 
special emergency alerts, quality and/or safety issues, and parent 
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voices, which are infused into applicable chapters. New chapters 
include Neonatal Abstinence Syndrome, The NICU—Through a 
Mother’s Eyes (interview with a mother), and Touch a Life, Impact 
a Lifetime: Trauma-Informed Care in the NICU.

In the United States, the economic impact of preterm births is 
well over $25 billion per year (Behrman & Butler, 2007). Greater 
cost savings can be derived from technology that reduces labor 
costs, as NICU RN and respiratory therapy labor expenses account 
for over 60% of total neonatal care (Rhine, 2016). Now more than 
ever, neonatal care providers must examine patient, family, and 
staff outcomes to meet the demands for providing cost-effective 
and high-quality care. Research is critical to support both the art 
and science of neonatal care. Whenever possible, the contributors 
remind the reader of areas in need of further study. This book is 
not a quick reference; it provides comprehensive in-depth discus-
sions along with detailed physiologic principles and collaborative 
management strategies. It provides a sound basis for safe and ef-
fective neonatal care; however, the format should make the infor-
mation easier to find.

We begin the sixth edition with the impact of environmental 
influences and critical periods on the developing fetus. This tran-
sitions into the aspects of perinatal care, the high-risk pregnancy, 
the effects of labor on the fetus, and postpartal risk factors. The 
text then focuses on more specific neonatal topics, starting with 
resuscitation and stabilization of the newborn, assessment of the 
newborn and infant, followed by the normal term infant. Each or-
gan system is discussed in depth, including the respiratory system, 
its complications and new technologies, followed by assessment of, 
and management strategies for, the cardiovascular, gastrointestinal, 
metabolic, endocrine, immunologic, integumentary, hematopoietic, 
musculoskeletal, neurologic, auditory, ophthalmic, and genitouri-
nary systems. The thread of integrative management is interwoven 
throughout the text. Foundational topics such as fluids, electrolytes, 
and acid–base balance, nutrition management, pharmacology, and 
pain management, as well as emerging technologies and healthcare 
simulation are included, in addition to fetal therapy, surgical con-
siderations, and emerging infections. Vulnerable populations cared 
for frequently in NICU settings are included, such as infants under-
going transplants, extremely low birth weight infants, late preterm 
infants, and unfortunately a growing population of infants with-
drawing from opioids/neonatal abstinence syndrome. Chapters 
addressing environmental health and family-centered care in the 
NICU and beyond include neurobehavioral development, man-
agement of the NICU environment, trauma-informed care, family 
partnerships, palliative and end-of-life care, postdischarge care of 
the newborn, and, new to this section, the NICU through a mother’s 
eyes. The final group of chapters covers neonatal care in the new 
millennium with topics including trends in neonatal care delivery, 
informatics, human genetics and genomics, trends in neonatal re-
search and evidence-based practice, legal issues, global perspectives 
in neonatal care, and competency-based education and continuous 
competency. The sixth edition recognizes that neonatal nursing and 
care are global issues. The last section includes neonatal diagnostic 
and evidence-based care protocols pulled out separately, so they 
are easy to find and use. New protocols introduced in the sixth 
edition include neuroprotective interventions and neuroprotection 
of skin-to-skin contact.

To provide depth to these topical areas, physicians, nurses, 
infant developmental specialists, and other health professionals 
concerned with neonatal care from across the country and around 
the world have contributed in all editions. The attempt was made 
not only to tap the experts in the neonatal field but also to have 
them represent as wide a geographic area as possible. We hope 

that the broad geographic distribution of contributors and re-
viewers will help minimize the effect of regional differences in 
clinical practice.

We hope that you will find the text’s information very useful 
and helpful to you in providing high-quality care to newborns and 
their families.

Carole Kenner
Leslie B. Altimier

Marina V. Boykova
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zona lysin digest a pathway across the zona pellucida (Moore, 
Persaud, & Torchia, 2015; Sadler, 2015).

Only about 300 to 500 spermatozoa actually reach the ovum. 
When a spermatozoon comes into contact with the ovum, the 
zona pellucida and the plasma membrane fuse, preventing entry 
by other sperm. After penetration by a single sperm, the oocyte 
completes the second meiotic cell division, resulting in the haploid 
number of chromosomes (22,X) and the second polar body. The 
chromosomes are arranged to form the female pronucleus (Moore 
et al., 2015; Sadler, 2015).

As the spermatozoon moves close to the female pronucleus, the 
tail detaches, and the nucleus enlarges to form the male pronucleus. 
The male and female pronuclei fuse forming a diploid cell called 
the zygote. The zygote contains 23 autosomes and 1 sex chromo-
some from each parent (46,XX or 46,XY). The genetic sex of the 
new individual is determined at fertilization by the contribution of 
the father. The male parent (XY) may contribute either an X or a Y 
chromosome. If the spermatozoon contains an X chromosome, the 
offspring is female (46,XX). If the spermatozoon receives one Y 
chromosome, the offspring is male (46,XY). Individual variation is 
the result of random or independent assortment of the autosomal 
chromosomes (Moore et al., 2015; Sadler, 2015).

Cleavage
Mitotic cell division occurs after fertilization as the zygote passes 
down the uterine tube, resulting in the formation of two blas-
tomeres (Figure 1.1). The cells continue to divide, increasing in 
number, although decreasing in size. The term cleavage is used to 
describe the mitotic cell division of the zygote (Figure 1.2). When 
the number of cells reaches approximately 16 (usually on the third 
day), the zygote is called a morula, because of its resemblance to 
a mulberry. The zygote reaches the morula stage about the time it 
enters the uterus. The morula consists of groups of centrally lo-
cated cells called the inner cell mass and an outer cell layer. At 
this stage, the individual cells are called blastomeres. The outer 
cell layer forms the trophoblast, from which the placenta develops. 
The inner cell mass, called the embryoblast, gives rise to the em-
bryo (Moore et al., 2015; Sadler, 2015).

After the morula penetrates the uterine cavity, fluid enters 
through the zona pellucida into the intercellular spaces of the inner 
cell mass. The fluid-filled spaces fuse, forming a large cavity known 
as the blastocyst cavity about the fourth day after fertilization. The 
morula is now called the blastocyst. This outer cell layer, known 

INTRODUCTION

In this chapter, the major events of prenatal development are 
described, and critical development periods for the major organ 
systems are identified. A brief review of the events beginning with 
fertilization is included, but the reader is referred to an embry-
ology text for a more thorough account. Human genetics is dis-
cussed in Chapter 40, Human Genetics and Genomics: Impact on 
Neonatal Care.

EARLY FETAL DEVELOPMENT

The process of human development begins with the fertilization of 
an ovum (female gamete) by a spermatocyte (male gamete). The 
fusion of the ovum and sperm initiates a sequence of events that 
causes the single-celled zygote to develop into a new human being. 
During the 38 to 42 weeks of gestation, dramatic growth and de-
velopment occur that are unequaled during any other period of life.

Fertilization
Large numbers of spermatozoa are necessary to increase the 
chances for conception because the spermatozoa must traverse 
the cervical canal, uterus, and uterine (fallopian) tubes to reach 
the ovum; approximately 200 to 600  million sperm are depos-
ited in the posterior fornix of the vagina during ejaculation. The 
usual site of fertilization is in the ampulla, the widest portion of 
the uterine tubes, located near the ovaries. Sperm are propelled by 
the movement of the tails, aided by muscular contractions of the 
uterus and fallopian tubes. The spermatozoa undergo two physio-
logic changes to penetrate the corona radiata and zona pellucida, 
the barriers around the secondary oocyte. The first change is ca-
pacitation, an enzymatic reaction that removes the glycoprotein 
coating from the spermatozoa and plasma proteins from the sem-
inal fluid. Capacitation generally occurs in the uterus or uterine 
tubes and takes about 7 hours. The second change, the acrosome 
reaction, occurs when a capacitated sperm passes through the co-
rona radiata, causing structural changes that result in the fusion of 
the plasma membranes of the sperm and the oocyte. Progesterone 
released from the follicle at ovulation stimulates the acrosome re-
action. Three enzymes are released from the acrosome to facilitate 
entry of the sperm into the ovum. Hyaluronidase allows the sperm 
to penetrate the corona radiata, whereas trypsin-like enzymes and 
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FIGURE 1.1 Fantastic voyage. From fertilization to implantation. The journey through the fallopian tubes takes approximately 4 days. During this time, 
mitotic cell division occurs. Implantation occurs on about day 9 through 12.

as the trophoblast, forms the wall of the blastocyst, which later 
becomes the placenta, and the embryoblast projects from the wall 
of the blastocyst into the blastocyst cavity. The uterine secretions 
nourish the blastocyst until implantation occurs (Moore et  al., 
2015; Sadler, 2015).

Implantation
Degeneration of the zona pellucida occurs on about the fifth day 
after fertilization, allowing the blastocyst to attach to the endothe-
lium of the endometrium on about the sixth day. The trophoblasts 
then secrete proteolytic enzymes that destroy the endometrial 
endothelium and invade the endometrium. Two layers of tropho-
blasts develop; the inner layer is made up of cytotrophoblasts, and 
the outer layer is composed of syncytiotrophoblasts. The syncy-
tiotrophoblast has finger-like projections that produce enzymes ca-
pable of further eroding the endometrial tissues. By the end of the 
seventh day, the blastocyst is superficially implanted (Figure 1.3).

Formation of the Bilaminar Disk
Implantation is completed during the second week. The syncy-
tiotrophoblast continues to invade the endometrium and becomes 
embedded. Spaces in the syncytiotrophoblast, called lacunae, fill 
with blood from ruptured maternal capillaries and secretions from 
eroded endometrial glands. This fluid nourishes the embryoblast 
by diffusion. The lacunae give rise to the uteroplacental circula-
tion. The lacunae fuse to form a network that then becomes the 
intervillous spaces of the placenta. The endometrial capillaries 
near the implanted embryoblast become dilated and eroded by the 
syncytiotrophoblast. Maternal blood enters the lacunar network 
and provides circulation and nutrients to the embryo. Maternal 
embryonic blood circulation provides the developing embryo with 

nutrition and oxygenation and removes waste products before the 
development of the placenta. Finger-like projections, primary cho-
rionic villi, of the chorion develop into the chorionic villi of the 
placenta at about the same time (Moore et al., 2015; Sadler, 2015).

The inner cell mass differentiates into two layers: the hypo-
blast (endoderm), a layer of small cuboidal cells, and the epiblast 
(ectoderm), a layer of high columnar cells. The two layers form a 
flattened, circular bilaminar embryonic disk. The amniotic cavity 
is derived from spaces within the epiblast. As the amniotic cavity 
enlarges, a thin layer of epithelial cells covers the amniotic cav-
ity. During the development of the amniotic cavity, other tropho-
blastic cells form a thin extracoelomic membrane, which encloses 
the primitive yolk sac. The yolk sac produces fetal red blood cells. 
Other trophoblastic cells form a layer of mesenchymal tissue, 
called the extraembryonic mesoderm, around the amnion and 
primitive yolk sac. Isolated coelomic spaces in the extraembryonic 
mesoderm fuse to form a single, large, fluid-filled cavity surround-
ing the amnion and yolk sac, with the exception of the area where 
the amnion is attached to the chorion by the connecting stalk. The 
primitive yolk sac decreases in size, creating a smaller secondary 
yolk sac (Moore et al., 2015; Sadler, 2015).

Two layers of extraembryonic mesoderm result from the for-
mation of the extraembryonic cavity. The extraembryonic so-
matic mesoderm lines the trophoblast and covers the amnion, 
and the extraembryonic splanchnic mesoderm covers the yolk sac.  
The chorion is made up of the extraembryonic somatic mesoderm, 
the cytotrophoblast, and the syncytiotrophoblast. The chorion 
forms the chorionic sac, in which the embryo, the amniotic sac, 
and the yolk sac are located. By the end of the second week, there 
is a slightly thickened area near the cephalic region of the hypo-
blastic disk, known as the prochordal plate, which marks the loca-
tion of the mouth (Moore et al., 2015; Sadler, 2015).
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FIGURE 1.3 Cross section of a blastocyst at 11 days. Two germ layers 
are present. The trophoblast has differentiated into the syncytiotrophoblast 
and the cytotrophoblast.

FIGURE 1.4 Formation of the trilaminar embryonic disk: gastrulation. 
During gastrulation, the bilaminar embryonic disk changes to a trilaminar 
embryonic disk, consisting of the epiblast (ectoderm), hypoblast 
(endoderm), and mesoblast (mesoderm).

FIGURE 1.2 Stages of cell division: cleavage. (A) Zygote. (B) Zygote 
undergoing first cleavage. (C) Two-cell blastomere state.

Formation of the Trilaminar Embryonic Disk: 
The Third Week of Development
The third week of development is marked by rapid growth, the 
formation of the primitive streak, and the differentiation of the 
three germ layers, from which all fetal tissue and organs are de-
rived (Moore et al., 2015; Sadler, 2015; Figure 1.4).

Gastrulation. Gastrulation is the process through which the 
bilaminar disk develops into a trilaminar embryonic disk. 

Gastrulation is the most important event of early fetal formation; 
it affects all of the rest of embryologic development. During the 
third week, epiblast cells separate from their original location 
and migrate inward, forming the mesoblast, which spreads 
cranially and laterally to form a layer between the ectoderm 
and the endoderm called the intraembryonic mesoderm. Other 
mesoblastic cells invade the endoderm, displacing the endodermal 
cells laterally, forming a new layer, the embryonic ectoderm. Thus, 
the hypoblastic ectoderm produces the embryonic ectoderm, 
embryonic mesoderm, and the majority of the embryonic 
endoderm. These three germ layers are the source of the tissue and 
organs of the embryo (Moore et al., 2015; Sadler, 2015).

Primitive Streak. Over days 14 and 15, a groove and thickening 
of the ectoderm (epiblast), called the primitive streak, appears 
caudally in the center of the dorsum of the embryonic disk. The 
primitive streak results from the migration of ectodermal cells 
toward the midline in the posterior portion of the embryonic 
disk. The primitive groove develops in the primitive streak. When 
the primitive streak begins to produce mesoblastic cells that 
become intraembryonic mesoderm, the epiblast is referred to as 
the embryonic ectoderm and the hypoblast is referred to as the 
embryonic mesoderm (Moore et al., 2015; Sadler, 2015).

A

B

C
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4  ■   I PRENATAL CONSIDERATIONS AND CARE

Notochordal Process. Cells from the primitive knot migrate 
cranially and form the midline cellular notochordal process. This 
process grows cranially between the ectoderm and the endoderm 
until it reaches the prochordal plate, which is attached to the 
overlying ectoderm, thus forming the oropharyngeal membrane. 
The cloacal membrane, caudal to the primitive streak, develops 
into the anus (Moore et al., 2015; Sadler, 2015).

The primitive streak produces mesenchyme (mesoblasts) until 
the end of the fourth week. The primitive streak does not grow as 
rapidly as the other cells, making it relatively insignificant in size 
when compared with the other structures that continue to grow. 
Persistence of the primitive streak or remnants is the cause of sac-
rococcygeal teratomas (Moore et al., 2015; Sadler, 2015).

The notochord, a cellular rod that develops from the noto-
chordal process, is the structure around which the vertebral column 
is formed. It forms the nucleus pulposus of the intervertebral bodies 
of the spinal column (Figure 1.5; Moore et al., 2015; Sadler, 2015).

Neurulation. Neurulation is the process through which the neural 
plate, neural folds, and neural tube are formed. The developing 
notochord stimulates the embryonic ectoderm to thicken, forming the 
neural plate. The neuroectoderm of the neural plate gives rise to the 
central nervous system (CNS). The neural plate develops cranial to 
the primitive knot. As the neural plate elongates, it gets wider and 
extends cranially to the oropharyngeal membrane. The neural plate 
invaginates along the central axis to form a neural groove with neural 

folds on each side. The neural folds move together and fuse, forming 
the neural tube showing the first indication of brain development 
(Figure 1.6). The neural tube detaches from the surface ectoderm, and 
the free edges of the ectoderm fuse, covering the posterior portion of 
the embryo. With formation of the neural tube, nearby ectodermal 
cells lying along the crest of each neural fold migrate inward, invading 
the mesoblast on each side of the neural tube. These irregular, flattened 
masses are called the neural crest. This structure’s cells give rise to 
the spinal ganglia, the ganglia of the autonomic nervous system, 
and cranial nerves V, VII, IX, and X. Neural crest cells also form 
the meningeal covering of the brain and spinal cord and the sheaves 
that protect nerves. The neural crest cells contribute to the formation 
of pigment-producing cells, the adrenal medulla, and skeletal and 
muscular development in the head (Moore et al., 2015; Sadler, 2015).

Development of Somites. Another important event of the third 
week is the development of somites, which give rise to most of the 
skeleton and associated musculature and much of the dermis of 
the skin. During formation of the neural tube, the intraembryonic 
mesoderm on each side thickens, forming longitudinal columns 
of paraxial mesoderm. At about 20 days, the paraxial mesoderm 
begins to divide into paired cuboidal bodies known as somites. In 
all, 42 to 44 somites develop, in a craniocaudal sequence, although 
only 38 develop during the “somite” period. These somite pairs can 
be counted and give an estimate of fetal age before a crown-rump 
(C-R) measurement is possible (Moore et al., 2015; Sadler, 2015).
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FIGURE 1.5 Formation of primitive streak, primitive knot, notochord, and neural groove.
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FIGURE 1.6 Formation of the neural tube. (A) Neural groove. (B) Closure of the neural tube almost completed. (C) Dilation of the neural tube forms the 
forebrain, midbrain, and hindbrain.

Intraembryonic Cavity. Another significant process is the 
formation of the intraembryonic cavity. This structure first 
appears as a number of small spaces within the lateral mesoderm 
and the cardiogenic mesoderm. These spaces combine to form 
the intraembryonic cavity; it is horseshoe-shaped and lined with 
flattened epithelial cells that eventually line the peritoneal cavity. 
The intraembryonic cavity divides the lateral mesoderm into the 
parietal (somatic) and visceral (splanchnic) layers. It gives rise to 
the pericardial cavity, the pleural cavity, and the peritoneal cavity 
(Moore et al., 2015; Sadler, 2015).

PLACENTAL DEVELOPMENT 
AND FUNCTION

The rudimentary maternal fetal circulation is intact by the fourth 
week of gestation. Growth of the trophoblast results in numer-
ous primary and secondary chorionic villi, covering the surface 
of the chorionic sac until about the eighth week of gestation. At 
about the eighth week, the villi overlying the conceptus (decidua 
capsularis) degenerate, leaving a smooth area (smooth chorion). 
The villi underlying the conceptus (decidua basalis) remain and 
increase in size, producing the chorion frondosum, or fetal side 
of the placenta. The maternal side of the placenta is made up 
of the chorion and the chorionic villi. On implantation of the 
conceptus, maternal capillaries of the decidua basalis rupture, 
causing maternal blood to circulate through the developing fetal 

placenta (chorion frondosum). As growth and differentiation 
progress, extensions from the cytotrophoblast invade the syn-
cytial layer and form a cytotrophoblastic shell, surrounding the 
conceptus and chorionic villi. This shell is continuous, but has 
communications between maternal blood vessels in the decidua 
basalis and the intervillous spaces of the chorion frondosum. The 
latter is attached to the maternal side of the placenta (decidua 
basalis) by the cytotrophoblastic shell and anchoring villi. The 
placenta is mature and completely functional by 16 weeks of 
development (Figure 1.7). If the corpus luteum begins to regress 
prior to the 16th week and fails to produce enough progesterone 
(the hormone responsible for readying the uterine cavity for the 
pregnancy), the pregnancy is aborted because the placenta is not 
capable of supporting the pregnancy on its own until about this 
time (Moore et al., 2015; Sadler, 2015).

Placental Fetal Circulation
A simple ebb-and-flow circulation is present in the embryo, yolk 
sac, connecting stalk, and chorion by 21 days of gestation. By  
28 days, unidirectional circulation is established. Deoxygenated fetal 
blood leaves the fetus via the umbilical arteries and enters the cap-
illaries in the chorionic villi, where gaseous and nutrient exchanges 
take place. Oxygenated blood returns to the fetus through the 
umbilical veins. At first, there are two arteries and two veins, but 
one vein gradually degenerates, leaving two arteries and one vein. If 
only one artery is present, a congenital anomaly, especially a renal 
one, should be suspected (Moore et al., 2015; Sadler, 2015).
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FIGURE 1.7 Formation of the placenta. The fetal and maternal sides of the placenta. Separation of the placenta from the uterus occurs at the site 
indicated by the gray line labeled zone of separation.

Placental Function
Normal growth and development of the embryo depend on 
adequate placental function. The placenta is responsible for 
oxygenation, nutrition, elimination of wastes, production of 
hormones essential for maintenance of the pregnancy, and 
transport of substances. In addition, the placenta synthesizes 
glycogen, cholesterol, and fatty acids, which provide nutrients 
and energy for early fetal development. Transport across the 
placental membrane occurs primarily through simple and facil-
itated diffusion, active transport, and pinocytosis. Oxygen, car-
bon dioxide, and carbon monoxide cross the placenta through 
simple diffusion. The fetus depends on a continuous supply 
of oxygenated blood flowing from the placenta (Moore et al., 
2015; Sadler, 2015).

Water and electrolytes cross the placenta freely in both direc-
tions. Glucose is converted to glycogen in the placenta as a carbo-
hydrate source for the fetus. Amino acids move readily across the 
placental membranes for protein synthesis in the fetus. Free fatty 
acids are transferred across the placenta by pinocytosis. There is 
limited or no transfer of maternal cholesterol, triglycerides, and 
phospholipids. Water- and fat-soluble vitamins cross the placenta 
and are essential for normal development (Moore et  al., 2015; 
Sadler, 2015).

The placenta produces and transports hormones that main-
tain the pregnancy and promote growth and development of the 

fetus. Chorionic gonadotropin, a protein hormone produced by 
the syncytiotrophoblast, is excreted in maternal serum and urine. 
The presence of human chorionic gonadotropin is used as a test 
for pregnancy. Human placental lactogen, also a protein hormone 
produced by the placenta, acts as a fetal growth–promoting hor-
mone by giving the fetus priority for receiving maternal glucose 
(Moore et al., 2015; Sadler, 2015).

The placenta also produces steroid hormones. Progesterone, 
produced by the placenta throughout gestation, is responsible 
for maintaining the pregnancy. Estrogen production by the pla-
centa depends on stimulation by the fetal adrenal cortex and 
liver. Placental transport of maternal antibodies provides the 
fetus with passive immunity to certain viruses. IgG antibodies 
are actively transported across the placental barrier, provid-
ing humoral immunity for the fetus. IgA and IgM antibodies 
do not cross the placental barrier, placing the neonate at risk 
for neonatal sepsis. However, failure of IgM antibodies to cross 
the placental membrane explains the lower incidence of a severe 
hemolytic process in ABO blood type incompatibilities when 
compared with Rh incompatibilities. The latter result when an 
Rh-negative mother has an Rh-positive fetus. If the mother is 
sensitized to the Rh-positive fetal blood cells, the mother pro-
duces IgG antibodies. IgG is transferred from the maternal to 
fetal circulation, and hemolysis of fetal red blood cells occurs 
(Moore et al., 2015; Sadler, 2015).
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The placenta is selective in the transfer of substances across 
the placenta; however, this selectivity does not screen out all po-
tentially harmful substances. Viral, bacterial, and protozoal organ-
isms can be transferred to the fetus through the placenta. Toxic 
substances such as drugs and alcohol can also be transferred to the 
fetus. The effects of these substances depend on the stage of gesta-
tion and type and duration of exposure, as well as the interaction 
of these and other factors, such as nutrition.

EMBRYONIC PERIOD:  
WEEKS 4  THROUGH 8

The embryonic period lasts from the beginning of gestational 
week 4 through the end of week 8. Organogenesis, which is the 
formation of all major organs, occurs during this period. The 
shape of the embryo changes as the organs develop, taking a 
more human shape by the end of the eighth week. The major 
events of the embryonic period are the folding of the embryo and 
organogenesis.

Folding of the Embryo
In the trilaminar embryonic disk, the growth rate of the central 
region exceeds that of the periphery so that the slower growing 
areas fold under the faster growing areas, forming body folds. The 
head fold appears first as a result of craniocaudal elongation of the 
notochord and growth of the brain, which projects into the amni-
otic cavity. The folding downward of the cranial end of the embryo 
forces the septum transversum (primitive heart), the pericardial 
cavity, and the oropharyngeal membrane to turn under onto the 
ventral surface. After the embryo has folded, the mass of meso-
derm cranial to the pericardial cavity, the septum transversum, lies 
caudal to the heart. The septum transversum later develops into 
a portion of the diaphragm. Part of the yolk sac is incorporated 
as the foregut, lying between the heart and the brain. The fore-
gut ends blindly at the oropharyngeal membrane, which separates 
the foregut from the primitive mouth cavity (stomodeum; Moore 
et al., 2015; Sadler, 2015).

The tail fold occurs after the head fold as a result of craniocau-
dal growth progression. Growth of the embryo causes the caudal 
area to project over the cloacal membrane. During the tail folding, 
part of the yolk sac is incorporated into the embryo as the hindgut. 
After completion of the head and tail folding, the connecting stalk 
is attached to the ventral surface of the embryo, forming the um-
bilical cord. Folding also occurs laterally, producing right and left 
lateral folds. The lateral body wall on each side folds toward the 
median plane, causing the embryo to assume a cylindrical shape. 
During the lateral body folding, a portion of the yolk sac is incor-
porated as the midgut. The attachment of the midgut to the yolk 
sac is minimal after this fold develops. After folding, the amnion 
is attached to the embryo in a narrow area in which the umbilical 
cord attaches to the ventral surface (Moore et  al., 2015; Sadler, 
2015).

Organogenesis: Germ Cell Derivatives
The three germ cell layers (ectoderm, mesoderm, and endoderm) 
give rise to all tissues and organs of the embryo. The germ cells 
follow specific patterns during the process of organogenesis. The 
main germ cell derivatives are listed in Box 1.1. The development 
of each major organ system is discussed separately. The embryonic 
period is the most critical period of development because of the 
formation of internal and external structures. The critical periods 
of development for the organs are also discussed in the section on 
specific organ development.

Box 1.1

GERM CELL DERIVATIVES 

Ectoderm
CNS (brain, spinal cord)

Peripheral nervous system

Sensory epithelia of eye, ear, and nose

Epidermis and its appendages (hair and nails)

Mammary glands

Subcutaneous glands

Teeth enamel

Neural crest cells

Spinal, cranial, and autonomic ganglia cells

Nerve sheaths of peripheral nervous system

Pigment cells

Muscle, connective tissue, and bone of branchial arch 
origin

Adrenal medulla

Meninges

Mesoderm
Cartilage

Bone

Connective tissue

Striated and smooth muscle

Heart, blood, and lymph vessels and cells

Gonads

Genital ducts

Pericardial, pleural, and peritoneal lining

Spleen

Cortex of adrenal gland

Endoderm
Epithelial lining of respiratory and gastrointestinal tracts

Parenchyma of tonsils, thyroid, parathyroid, liver, 
thymus, and pancreas

Epithelial lining of bladder and urethra

Epithelial lining of tympanic cavity, tympanic antrum, 
and auditory tube

CNS, central nervous system

DEVELOPMENT OF SPECIFIC ORGANS 
AND STRUCTURES

Nervous System
The origin of the nervous system is the neural plate, which arises 
as a thickening of the ectodermal tissue about the middle of the 
third week of gestation. The neural plate further differentiates into 
the neural tube and the neural crest. The neural tube gives rise to 
the CNS. The neural crest cells give rise to the peripheral nervous 
system (Figure 1.8; Moore et al., 2015; Sadler, 2015).

The cranial end of the neural tube forms the three divisions 
of the brain: the forebrain, the midbrain, and the hindbrain. The 
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FIGURE 1.8 Differentiation of the nervous system. The cells of the 
neural crest differentiate into the cells of the ganglia, Schwann cells, and 
the cells of the suprarenal medulla and melanocytes.
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FIGURE 1.9 Formation of the single heart tube. The appearance of the 
single heart tube inside the pericardial cavity. Note that the atrium and 
sinus venosus are outside the pericardial cavity.

cerebral hemispheres and diencephalon arise from the forebrain; 
the pons, cerebellum, and medulla oblongata arise from the hind-
brain. The midbrain makes up the adult midbrain (Moore et al., 
2015; Sadler, 2015).

The cavity of the neural tube develops into the ventricles of the 
brain and the central canal of the spinal column. The neuroepi-
thelial cells lining the neural tube give rise to nerves and glial cells 
of the CNS. The peripheral nervous system consists of the cra-
nial, spinal, and visceral nerves and the ganglia. The somatic and 
visceral sensory cells of the peripheral nervous system arise from 
neural crest cells. Cells that form the myelin sheaths of the axons, 
called Schwann cells, also arise from the neural crest cells (Moore 
et al., 2015; Sadler, 2015).

Cardiovascular System
The fetal cardiac system appears at about 18 to 19 days of gesta-
tion, and circulation is present by about 21 days. The cardiovascu-
lar system is the first organ system to function in utero. The heart 
starts to beat at the beginning of the fourth week. The heart and 
blood develop from the middle layer (mesoderm) of the trilaminar 
embryonic disk. Tissue from the lateral mesoderm migrates up the 
sides of the embryonic disk, forming a horseshoe-shaped structure 
that arches and meets above the oropharyngeal membrane. With 
further development, paired heart tubes form, which then fuse into 
a single heart tube (Figure 1.9). The vessels that make up the vas-
cular system throughout the body develop from mesodermal cells 
that connect to each other, with the developing heart tube and the 
placenta. Thus, by the end of the third week of gestation, there 
is a functional cardiovascular system (Moore et al., 2015; Sadler, 
2015).

As the heart tube grows, the folding of the embryonic disk 
results in the movement of the heart tube into the chest cavity. 
The heart tube differentiates into three layers: the endocardial 
layer, which becomes the endothelium; the cardiac jelly, which 
is a loose tissue layer; and the myoepicardial mantle, which be-
comes the myocardium and pericardium. The single heart tube 
is attached at its cephalic end by the aortic arches and at the 
caudal end by the septum transversum. The attachments limit the 
length of the heart tube. Continued growth results in dilated ar-
eas and bulges, which become specific components of the heart. 
The atrium, ventricle, and bulbus cordis can be identified first, 

followed by the sinus venosus and truncus arteriosus. To accom-
modate continued growth, two separate bends in the heart occur. 
It first bends to the right to form a U shape, and the next bend re-
sults in an S-shaped heart. The bending of the heart is responsible 
for the typical location of cardiac structures (Figure 1.10; Moore 
et al., 2015; Sadler, 2015).

Initially, the heart is a single chamber; partitioning of the 
heart into four chambers occurs from the fourth to sixth weeks 
of gestation. The changes that cause the partitioning of the heart 
occur simultaneously. The atrium is separated from the ventricle 
by endocardial cushions, which are thickened areas of endothe-
lium that develop on the dorsal and ventral walls of the open area 
between the atrium and ventricle. The endocardial cushions fuse 
with each other to divide the atrioventricular canals into right 
and left atrioventricular canals. Partitioning of the atrium occurs 
through invagination of tissue toward the endocardial cushions, 
forming the septum primum. As the septum primum grows to-
ward the endocardial cushions, it becomes very thin and perfo-
rates, becoming the foramen ovale. The septum primum does 
not fuse completely with the endocardial cushions; it has a lower 
portion that lies beside the endocardial cushions. Overlapping of 
the septum primum and the septum secundum forms a wall if the 
pressure in both atria is equal. In utero, the pressure on the right 
side is increased, allowing blood to flow across the foramen ovale 
from the right side of the heart to the left side (Figure 1.11; Moore  
et al., 2015; Sadler, 2015).

The ventricle is also partitioned by a membranous and muscu-
lar septum. The muscular portion of the septum develops from the 
fold of the floor of the ventricle. With blood flowing through the 
atrioventricular canal, ventricular dilation occurs on either side of 
the fold or ridge, causing it to become a septum. The membranous 
septum arises from ridges inside the bulbus cordis. These ridges, 
continuous into the bulbus cordis, form the wall that divides the 
bulbus cordis into the pulmonary artery and the aorta. The bulbar 
ridges fuse with the endocardial cushions to form the membranous 
septum. The membranous and muscular septa fuse to close the in-
traventricular foramen, resulting in two parallel circuits of blood 
flow. The pulmonary artery is continuous with the right ventricle, 
and the aorta is continuous with the left ventricle (Figure 1.12; 
Moore et al., 2015; Sadler, 2015).
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FIGURE 1.11 Partitioning of the atrium. The partitioning of the atrium into the right and left atria through septation.

The blood flowing through the bulbus cordis and truncus ar-
teriosus in a spiral causes the formation of ridges. The ridges fuse 
to form two separate vessels that twist around each other once. 
Thus, the pulmonary artery exits the right side of the heart and is 
in the left upper chest; the aorta exits the left side of the heart and 
is located close to the sternum (Moore et al., 2015; Sadler, 2015).

The pulmonary veins grow from the lungs to a cardinal vein 
plexus. Concurrently, a vessel develops from the smooth wall of 
the left atrium. As the atrium grows, the pulmonary vein is incor-
porated into the atrial wall. The atrium and its branches give rise 
to four pulmonary veins that enter the left atrium. These pulmo-
nary vessels, connected to the plexus of the cardinal vein, provide 

Kenner39092__PTR_CH01_1-20_07-22-19.indd   9 25-Jul-19   11:09:41 AM


	Cover 
	Title
	Copyright
	Contents
	Contributors
	Past Contributors to the Fifth Edition
	Foreword
	Preface
	Neonatal Staff Nurse
	Clinical Nurse Specialist
	Neonatal Nurse Practitioner
	Purpose And Content
	Recommended Readings
	References

	Acknowledgments
	Share: Comprehensive Neonatal Nursing Care
	Unit I: Prenatal Considerations and Care
	Chapter 1: Fetal Development: Environmental Influences and Critical Periods
	Introduction
	Early Fetal Development
	Placental Development and Function
	Embryonic Period: Weeks 4 Through 8
	Development of Specific Organs And Structures
	Fetal Period: Week 9 Through Birth
	Developmental Risks
	Summary
	Case Study
	Online Resources
	References

	Chapter 2: Prenatal, Intrapartal, and Postpartal Risk Factors
	Introduction
	Global
	National
	Perinatal Outcomes Indicators
	Maternal Risk Factors
	Paternal Factors
	Life Course Determinants of Birth Outcomes and Weathering
	Psychological Stress in Pregnancy
	Obstetric Factors
	Prenatal Care
	Parity
	Interpregnancy Level
	Assisted Reproductive Technology
	Postterm Pregnancy
	Unfavorable Healthcare Behaviors
	Maternal Medical and Obstetric Conditions
	Postpartum Risk Factors
	Perinatal Care in Developing Nations
	Summary
	Case Study
	Evidence-based Practice Box
	Review of Studies
	Parent Voices
	Online Resources
	References


	Unit II: Intrapartal and Newborn Care
	Chapter 3: Resuscitation and Stabilization of the Newborn and Infant
	Introduction
	Causes of Cardiorespiratory Depression in the Newborn
	Preparation for Delivery
	General Considerations
	Ventilation and Oxygenation
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 4: Assessment of the Newborn and Infant
	Introduction
	First Neonatal Assessment and the APGAR Score
	Other Considerations for the Initial Neonatal Assessment
	Components of a Comprehensive History
	Health Maintenance in The First Year Of Life
	Health Maintenance for High-risk Infants in The First Year Of Life
	Summary
	Case Study
	Evidence-based Practice Box 
	Online Resources
	References

	Chapter 5: Normal Term Newborn
	Introduction
	Admission
	Security
	Back To Sleep
	Daily Care
	Circumcision
	Neonatal Thermoregulation
	Glucose Homeostasis
	Hyperbilirubinemia
	Feeding the Healthy Newborn
	Nursing Interventions that Promote Successful Breastfeeding
	Discharge Screening
	Critical Congenital Heart Disease Screening
	Discharge
	Summary
	Case Study
	Evidence-based Practice Box 
	Parent Voices
	Online Resources
	References


	Unit III: Systems Assessment and Management of Disorders
	Chapter 6: Respiratory System
	Introduction
	Embryologic Development of the Lung
	Newborn Pulmonary Physiology and the Onset of Breathing
	Assessment of the Neonate with Respiratory Distress
	Common Disorders of the Respiratory System
	Congenital Anomalies that Affect Respiratory Function
	Collaborative Management of Infants with Respiratory Disorders
	Assessment and Monitoring
	Environmental Considerations
	Family Care
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 7: Cardiovascular System
	Introduction
	Cardiovascular Adaptation
	Normal Cardiac Function
	Cardiac Assessment
	Cardiac Murmurs
	Congenital Heart Defects
	Defects with LV Outflow Obstruction
	Defects with Abnormal Aortopulmonary Connections
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 8: Gastrointestinal System
	Introduction
	Embryology
	Physiology of the GI Tract
	Tracheal Esophageal Fistula and Esophageal Atresia
	Gastroesophageal Reflux
	Hypertrophic Pyloric Stenosis
	Intestinal Atresia
	Intestinal Malrotation
	Abdominal Wall Defects
	Necrotizing Enterocolitis
	Intestinal Failure and Short Bowel Syndrome
	Intussusception
	Congenital Aganglionic Megacolon (hirschsprung’s Disease)
	Small Left Colon
	Meconium Ileus
	Meconium Plug
	Imperforate Anus/Anorectal Malformation
	Support of Family with an Infant with a GI System Disorder
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 9: Metabolic System
	Introduction
	General Principles: The Neonate with a Metabolic Disorder
	Disorders of Amino Acid Metabolism
	Disorders of Organic Acid Metabolism
	Fatty Acid Oxidation Disorders
	Congenital Lactic Acidoses
	Disorders of Carbohydrate Metabolism
	Peroxisomal Disorders
	Lysosomal Disorders
	Disorders Of Cholesterol Synthesis
	Disorders Of Metal Metabolism
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chpater 10: Endocrine System
	Introduction
	The Endocrine System
	Fetal Origins of Adult Disease
	Neonatal Endocrine Disorders
	Pituitary Gland and Hypothalamus
	Anterior Pituitary Disorders
	Posterior Pituitary Disorders
	Thyroid Gland
	Fetal and Neonatal Thyroid Development
	Congenital Hypothyroidism
	Transient Disorders of Thyroid Function
	Adrenal Gland
	Fetal Adrenal Gland
	Neonatal Adrenocortical Function
	Adrenal Disorders in the Neonate
	Genitalia
	General Principles of Management of Disorders of Sexual Development
	Disorders of Sexual Development
	Pancreas
	Disorders of Pancreas
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 11: Immune System
	Introduction
	Development of the Immune System
	Assessment And Management of the Infant with Suspected or Proven Infection
	Types of Neonatal Infection
	Nosocomial Infections
	Infection Control Policies
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Acknowledgment
	Online Resources
	References

	Chapter 12: Integumentary System
	Introduction
	Skin Structure and Function
	Exhibit 12.1
	Terminology
	Transient Skin Lesions
	Skin Care Practices
	Management of Skin Care Problems
	Evidence-based Skin Care Guideline
	Summary
	Case Study
	Online Resources
	References

	Chapter 13: Hematologic System
	Introduction
	Overview of the Hematologic System
	Initial Steps in Hemostasis
	Assessment of Hematologic Function
	Common Hematologic Disorders
	Bilirubin Metabolism and Hyperbilirubinemia
	Anemia
	Red Blood Cell Destruction and Hemolysis
	Physiologic Anemia of the Newborn and Anemia of the Premature Infant
	Common Coagulation Disorders in the Newborn
	Support of the Family of the Infant with Hematologic Disorder
	Blood Component Replacement Therapy
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 14: Musculoskeletal System
	Introduction
	Embryology
	Positional Terminology
	Musculoskeletal Assessment
	Types of Musculoskeletal Dysfunction
	Arthrogryposis Multiplex Congenita
	Amniotic Band Syndrome
	Clubfoot
	Syndactyly
	Polydactyly
	Birth Trauma
	Developmental Dysplasia of the Hip
	Hospital-acquired Positional Deformities: Supporting the Musculoskeletal System of the Premature Infant in the Neonatal Intensive Care Unit
	Craniosynostosis
	Congenital Muscular Torticollis
	Skeletal Dysplasia
	Osteogenesis Imperfecta
	Thrombocytopenia-absent Radius Syndrome
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 15: Neurologic System
	Introduction
	CNS Development and Structural Abnormalities
	General Management
	Neonatal Seizures
	Hypoxic-ischemic Encephalopathy
	Brain Injury in Preterm Infants
	Birth Injuries
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 16: Auditory System
	Introduction
	Early Screening for Hearing Loss
	Anatomy of the Ear
	Physiology of Audiologic Function
	Hearing Impairment
	Identification of the Hearing-impaired Infant
	Hereditary Hearing Loss
	Screening Methods for Identification of Hearing Loss
	Development of a Treatment Plan for The Hearing-impaired Neonate
	Outcome Measures
	Summary
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 17: Ophthalmic System
	Introduction
	Embryology
	Assessment and Examination Techniques
	Neonatal Conjunctivitis
	Lacrimal Dysfunction
	Congenital Defects
	Congenital Infections
	Retinopathy of Prematurity
	Other Disorders that Affect the Eyes
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 18: Genitourinary System
	Introduction
	Embryological Development of the Urogenital System
	Physiology of Kidney Function
	Renal Blood Flow
	Glomerular Filtration Rate
	Secretion and Reabsorption
	Assessment of the Genitourinary System
	Physical Assessment
	Radiological Evaluation
	Management
	Urinary Tract Infections
	Circumcision
	Acute Renal Failure
	Severe Oligohydramnios Sequence (formally Potters)
	Unilateral Renal Aplasia
	Cystic Kidney Disease
	Polycystic Kidney Disease
	Multicystic Kidney Disease
	Prune-belly Syndrome (eagle–barrett Syndrome)
	Exstrophy of the Bladder
	Renal Vein Thrombosis
	Hydronephrosis
	Obstructive Uropathy
	Posterior Urethral Valves
	Hydrocele
	Inguinal Hernia
	Testicular Torsion
	Nephroblastoma (WILMS’ TUMOR)
	Case Study
	Summary
	Evidence-based Practice Box
	Online Resources
	References


	Unit IV: Special Considerations
	Chapter 19: Fluids, Electrolytes, and Acid–Base Balance
	Introduction
	Water
	Electrolytes
	Acid–base Balance
	Summary
	Case Study
	Evidence-based Practice Box
	Acknowledgment
	Online Resources
	References

	Chapter 20: Nutrition Management of Premature Infants
	Introduction
	Nutrients
	Vitamins, Macrominerals, and Trace Minerals
	Gastrointestinal Function of the Premature Infant
	Parenteral Nutrition
	Enteral Nutrition
	Growth and Growth Charts
	Postdischarge Nutrition
	Summary
	Case Study
	Evidence-based Practice Box
	Quality and Safety
	Parent Voices
	Online Resources
	References

	Chapter 21: Neonatal and Infant Pharmacology
	Introduction
	Drug Therapy: Evidence-based Medicine
	Pediatric Dosing Methods
	Pediatric Labeling
	Medication Errors
	Adverse Drug Effects
	Developmental Pharmacokinetics
	Therapeutic Drug Monitoring
	Fetal and Infant Exposure to Maternal Medications
	Medication Administration
	Medication Shortages
	Summary
	Evidence-based Practice Box Quality Improvement: Oral Glucose Gel for Neonatal Hypoglycemia
	Parent Voices
	Online Resources
	References

	Chapter 22: Emerging Technologies in Neonatal Care: Healthcare Simulation for Neonatal Care
	What is Healthcare Simulation?
	Scenario Development
	Neonatal Apps
	Virtual Consultations
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 23: Pain in the Newborn and Infant
	Introduction
	Developmental Neurophysiology of Pain
	Defining Pain in Infants
	Clinical Assessment of Pain
	Management of Neonatal Pain
	Management of Specific Pain Types
	Neonatal Nurse’s Role and Responsibilities
	Summary
	Parents
	Case Study
	Evidence-based Practice Box 
	References

	Chapter 24: Fetal Therapy
	Introduction
	Historical Overview
	Ethical Considerations
	Fetal Therapy: New Horizons
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 25: Surgical Considerations in the Newborn and Infant
	Introduction
	Antenatal Considerations
	Transportation of Infants for Surgery
	Surgical Neonatal Intensive Care Units
	Classification of Neonatal Surgery
	Preanesthetic Evaluation
	Preparation for Surgery
	During Surgery
	Postoperative Care
	Outcomes
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 26: Emerging Infections
	Introduction
	Maternal, Fetal, and Neonatal Susceptibility to Infectious Diseases
	Human Drivers of Emerging Infections
	Trends in Emerging Infections
	Pattern of Response to Emerging Infections
	Zika Virus
	Antimicrobial Resistance
	Genetic Mechanisms of Resistance
	Pharmacodynamics And Resistance
	Selective Antibiotic Pressure
	Methicillin-resistant Staphylococcus Aureus
	Extended Spectrum Beta-lactamase (esbl) Producing Organisms
	Vancomycin-resistant Enterococcus
	Multidrug-resistant Organisms
	Measles
	Combating Emerging Infections
	Antimicrobial Stewardship
	Summary
	Evidence-based Practice Box
	Case Study
	Quality Assessment and Quality Improvement Activity Box
	Acknowledgment
	Online Resources
	References


	Unit V: Vulnerable Populations
	Chapter 27: Newborn or Infant Transplant Patient
	Introduction
	Liver Transplantation in Infants and Children
	Indications for Liver Transplantation
	Contraindications for Liver Transplantation
	Transplant Selection
	Estimation Scales of Liver Allocation
	Pretransplant Management
	Pretransplant Evaluation
	Preparing The Patient for the Operating Room (or)
	Types of Liver Transplants
	Portal Hypertension
	Infection
	Posttransplant Management
	Postoperative Complications
	Posttransplant Management of Complications
	Heart Transplant
	Indications for Heart Transplant
	Physiology of the Transplanted Heart
	Renal Transplantation in Infants and Children
	Intestinal Transplant
	Organ Procurement
	Pediatric Critical Pathway
	Stem Cell Transplantation
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 28: Extremely Low Birth Weight (ELBW) Infant
	Introduction
	Evidence-based Neonatal Nursing Care
	Impact of Birth of ELBW Infants
	Complications of Being ELBW
	Families Of Elbw Infants
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 29: The Late Preterm Infant
	Introduction
	Incidence and Epidemiology
	Definition
	Etiologic Factors Causing Late Preterm Infant Births
	Pathophysiologic Immaturity of the Late Preterm Infant
	Morbidity And Mortality of the Late Preterm Infant
	Medical and Nursing Care of the Late Preterm Infant
	Discharge, Follow-up Care, and Rehospitalization of the Late Preterm Infant
	Long-term Outcomes
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	References
	Online Resources

	Chapter 30: Neonatal Abstinence Syndrome
	Introduction
	History of Opiate Addiction
	History and Epidemiology of Neonatal Abstinence Syndrome
	Diagnosis
	Management
	Developmental Outcomes
	Nonjudgmental Nursing Care of the Mother–infant Dyad
	Summary
	Evidence-based Practice Box
	Case Study
	Quality And Safety
	Online Resources
	References


	Unit VI: Environmental Health and Family-Centered Care in the NICU and Beyond
	Chapter 31: Neurobehavioral Development
	Introduction
	Consequences of Prematurity
	Fetal and Neonatal Central Nervous System Development
	Fetal and Neonatal Sensory Development
	Neonatal Neurobehavioral Development
	Summary
	Parent Voices
	Online Resources
	Key References

	Chapter 32: The Neonatal Intensive Care Unit (NICU) Environment
	Intrauterine Versus Extrauterine Environments
	Providing a Healing Environment
	The Futuristic NICU
	Summary
	Case Study
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 33: The NICU—Through a Mother’s Eyes
	Introduction
	Recommended Readings
	References

	Chapter 34: Touch a Life, Impact a Lifetime: Trauma-Informed Care in the NICU
	Introduction
	Exhibit 34.1
	Exhibit 34.2
	Why Did You Choose To Practice in the NICU?
	What is Trauma?
	Exhibit 34.3
	Trauma Stewardship
	Why is it Important to Reduce the Toxic Stress Associated ith Trauma?
	Exhibit 34.4
	Trauma-informed Neuroprotective Care
	Exhibit 34.5
	Safety and Quality in the NICU—a Call To Action
	Summary
	Online Resources
	References

	Chapter 35: Family: Essential Partner in Care
	Introduction
	Family-centered Care
	Definition of Family
	Role Theory
	Parental Role
	Parenting During Crisis
	Cultural Perspectives
	Promoting Parenting in the NICU
	Parent and Staff Expectations
	Siblings
	Summary
	Evidence-based Practice Box
	Online Resources
	References

	Chapter 36: Palliative and End-of-Life Care
	Introduction
	Ethical Obligation to Provide Optimum End-of-life Care
	Comfort Care at the EOL
	Pediatric Hospice Care
	Pediatric Palliative Care
	Bereavement
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References

	Chapter 37: Postdischarge Care of the Newborn, Infant, and Families
	Introduction
	Postdischarge Care for High-risk Infants
	Care for Parents After Hospital Discharge
	Summary
	Case Study
	Evidence-based Practice Box
	Parent Voices
	Online Resources
	References


	Unit VII: Neonatal Care in the New Millennium: Challenges and Opportunities
	Chapter 38: Trends in Neonatal Care Delivery
	Introduction
	Levels of Care
	Developmental Care
	Neonatal Statistics
	Maternal/Fetal Neonatal Units
	Genetics
	Globalization
	Palliative and End-of-life Care
	Parent Voices
	Summary
	Online Resources
	References

	Chapter 39: Neonatal Care Using Informatics
	Introduction
	Background Information
	Special Considerations for the EHR in Supporting Pediatric and Neonatal Patient Care
	Types of Information Systems
	Flow Sheet Replacement and Clinical Monitoring
	Interdisciplinary Notes: Daily Documenting Challenges
	Computerized Provider Order Entry/management
	Pharmacy
	Other Systems
	Integrating Computers
	Connectivity Standards and the Health Insurance Portability and Accountability Act
	Is Evaluation, Selection, and Implementation
	Researching is Solutions
	Evaluation and System Selection
	Implementation
	Future Trends and Nursing Implications
	Summary
	Parent Voices
	Online Resources
	Recommended Readings
	References

	Chapter 40: Human Genetics and Genomics: Impact on Neonatal Care
	Genetic and Genomic Concepts and Terminology
	Introduction
	Prenatal Screening and Diagnostic Tests
	Newborn Screening
	Chromosomal Analysis
	Gene and Genome Testing
	Exome and Genome Sequencing
	Challenges of Interpreting Genetic or Genomic Tests
	Ethical Considerations of Genetic and Genomic Testing
	Resources About Genetic Disorders for Clinicians and Families
	Summary
	Online Resources
	References

	Chapter 41: Trends in Neonatal Research and Evidence-Based Practice
	Introduction
	The Basis of Evidence-based Neonatal Nursing Practice
	Models of Evidence-based Quality Improvement
	Clinical Problems Amenable to Research
	Various Research Roles for Neonatal Nurses
	Current Trends in Neonatal Nursing Research
	Summary
	Evidence-based Practice Box
	References

	Chapter 42: Legal and Ethical Issues in Neonatal Care
	Introduction
	Recognizing Ethical Issues in Neonatal Care and the NICU
	Ethical Principles
	Support for the Family
	Managing Ethical Issues: Resolution Strategies
	Support for the Neonatal Nurse
	Summary
	Online Resources
	References
	Legal Issues

	Chapter 43: Neonatal Care From a Global Perspective
	Introduction
	A Strong Global Voice for Neonatal Nursing
	Indian Example
	Russian Example
	South African Example
	Brazilian Example
	Japanese Example
	Rwandan Example
	Funding for Nursing Education
	Evidence-based Practice Box
	Summary
	Case Study
	Parent Voices
	Online Resources
	References

	Chapter 44: Competency-Based Education and Continued Competency
	Introduction
	Development of the Competency Movement
	Competence and Competency
	Competency-based Education (CBE)
	Implications for Neonatal Nursing
	Competency Validation
	Continuing Competence
	International Neonatal Nursing Competencies
	Summary
	Evidence-based Practice Box
	Online Resources
	References


	Unit VIII: Neonatal Diagnostic and Care Protocols
	I: Diagnostic Processes
	Introduction
	Diagnostic Imaging in Infants
	Types of Diagnostic Imaging
	Laboratory Values
	Cardiac Procedures
	Genetic Testing
	Gastrointestinal Procedures
	Genitourinary Procedures
	Respiratory Procedures
	Summary
	References

	II: Guidelines for Supporting Skin-to-Skin Contact in the NICU
	Introduction
	Prerequisites
	Contraindication
	Initiation
	Positioning
	Equipment
	Duration
	Staff Education
	Parent Education
	Transfers
	Summary
	References

	III: Developmental Care for the Sick and Preterm Infant
	Introduction
	Neuroprotective Core Measures
	Neutral Thermal Environment
	Summary
	References

	IV: Neonatal Transport
	Introduction
	Regionalization of Neonatal Care
	Stabilization by the Referring Facility
	The Neonatal Transport Program
	Transport Team Composition
	Transport Team Training
	Mode of Transportation
	Stabilization by the Transport Team
	Transport Equipment
	Exhibit Iv.1
	Documentation
	Family-centered Care During Transport
	Summary
	References

	V: Introduction to Vascular Access
	Introduction
	Evidence-based Practice for Piccs
	Technological Advances for Piccs
	References

	VI: Newborn Whole-Body Cooling Protocol
	Introduction
	I. Objective
	Ii. General Information
	Iii. Implementation
	Iv. Rewarming the Newborn
	References

	VII: Neuroprotective Interventions
	Introduction
	Vision
	Consensus
	Skills
	Incentives
	Resources
	Action Plan
	Creating a Culture of Change
	Summary
	References

	Appendix A: Neonatal Nurses and Interconception Care
	Introduction
	Online Resources
	References

	Appendix B: Conversion Table to Standard International (SI) Units
	Appendix C: Frequently Used Reference Values and Conversions
	Appendix D: International Standards for Newborn Weight, Length, and Head Circumference by Gestational Age and Sex

	Index

