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The goal of this third edition of Neonatal-Perinatal
Medicine is to present a comprehensive description of
the disorders that affect the fetus and neonatal infant.
The emphasis remains on the pathophysiology, clinical
and laboratory manifestations, and prevention and treat-
ment of diseases that have their onset in utero or during
the neonatal period. We hope that this text will provide
obstetricians, ~pediatricians, family physicians, and
nurses with a basis for understanding and managing a
broad spectrum of clinical problems, as well as provide
them with an overall perspective about a field in which
there continues to be a rapid acceleration of knowledge
and technology.

Recognizing the increasing problems related to
administration of neonatal intensive care units, as well as
the critical educational roles of tertiary centers, we have

Preface

addressed these issues in this edition. Furthermore,
pharmacologic principles related to the fetus and new-

.born have been introduced, and expanded knowledge

concerning the sensorimotor development of preterm
infants has been included. Many new authors have been
solicited in an attempt to update, revise, and more
graphically present all sections.

We gratefully acknowledge the sterling efforts of our
many contributors, Karen Berger, Terry Van Schaik, and
Marjorie Sanson at Mosby, as well as Connie McSween-
ey and Ellen Rome, without whose valuable assistance
this book could not have been completed.

Avroy A. Fanaroff
Richard J. Martin
Richard E. Behrman
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CHAPTER 1

The term perinatal is used to designate.the period
from the twelfth week of gestation through the twenty-
eighth day after birth. The neonatal period is defined as
the first 4 weeks of life and is the period of the greatest
mortality in childhood, with the highest risk occurring
during the first 24 hours of life. The continuing high mor-
tality and morbidity during this period are closely related
to the fact that it is part of a continuum of fetal growth
and development. Factors acting during gestation and
delivery, as well as during the postnatal period, have a
major impact on the health of both the fetus and neonate.
Social, economic, and cultural influences are superim-
posed on genetic, metabolic, and physiologic intrauter-
ine and extrauterine environmental effects.

The high incidence of disease during the perinatal
period and the excessive neonatal and perinatal death
rates make it important to identify as early as possible
those fetuses and infants who are at greatest risk. Of
equal importance is the need to lower the morbidity,
especially for handicapping conditions such as mental
retardation, resulting from untoward prenatal and neo-
natal factors. Our development as a species ultimately
depends on the quality of the babies who are produced
and their potential talents. There is increasing evidence
that early recognition of the high-risk pregnancy and
high-risk infant and appropriate antenatal and intrapar-
tum management along with special neonatal intensive
care will reduce the incidence of handicapping
conditions and will reduce both the perinatal and neona-
tal death rates (p. 5).

Despite changes in population growth, little change
has occurred in the incidence of infants of low birth
weight (defined as infants weighing less than 2,500 gm) in
the United States. It has remained at a mean rate of
about 8% of total births with a range of 6% to 16+ % for
decades. The lower figure is usually approached by mid-
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dle to upper income communities, and the higher figure
is approached in urban ghettos and deprived ri¥ral com-
munities. The latter figure is probably underestimated,
since a number of babies born to the poor may,not be
included in the statistics. Of the 250,000 low birth weight
babies born each year, in the United States, 40,000 to
45,000 die within the first month of life, and about as
many term fetuses die each year in utero. This repre-
sents a substantial improvement in survival over past
decades in all weight classes, but especially for infants
weighing from 1,000 to 2,000 gm. Improvement in sur-
vival has also occurred in infants under 1,000 gm.

A number of infants will live a long life but remain
significantly afflicted with disease or disability. The
infants of very low birth weight are particularly vulnera-
ble. Those who die are a source of anguish and grief to
their parents and relatives for a varying but relatively
brief period, whereas those who survive with disabilities
and disease may be a continuing source of pain, anguish,
and loss of resources for their parents and society, in
addition to the personal suffering they may endure. They
may also impose a very real biologic burden on future
generations. Tragically, there are at least three times as
many of these unfortunate infants in the black portion of
the population in the United States. It has been estimat-
ed that about 60,000 of the 250,000 low birth weight
babies born each year may be at high risk for serious
lifetime disability. In addition to the human tragedy, the
fiscal impact of this problem on our society is estimated
to be in the billions of dollars each year. The major prob-
lems of cerebral palsy, mental retardation, sensory and
cognitive disabilities, and a diminished ability to success-
fully adapt socially, psychologically, and physically to an
increasingly complex environment are some of the
results observed in children and adults who were low
birth weight infants.

'y



2 Behrman's neonatal-perinatal medicine: diseases of the fetus and infant

Table 1-1, Fetal organ blood flows (percent of the cardiac output = SD)

/ Adrenal
Brain Heart Lungs Kidneys glands Placenta
Control 157+ 28 24509 10.2. =64 20210 04 =01 475+49
Fetal distress QU6 = 11:3 4915 32£22 G 08+05 292+94
Statistical significance p<0.01 p<0.02 p <0.05 NS* p <0.05 p < 0.005

Adapted from Behrman, R. E , and others: Am. J. Obstet. Gynecol. 108:956, 1970

*NS, Not significant. Mean values = 1 SD are presented

In addition to these population and societal dimen-
sions of the field of neonatal-perinatal medicine, it is
becoming increasingly evident that important anteced-
ents of many adult diseases, such as coronary artery dis-
ease. chronic renal and liver disease, obesity, and other
human maladies, may be present in early development,
at which stage there is real opportunity for prevention.
Further improvement in longevity ;and decreased mor-
bidity are likely to result from increased understanding
of the origins of adult diseases in fetal life and infancy and
the prevention and early management of these dis-
eases. ,

More immediate clinical by-products are likely to
result from the continuing expansion of our understand-
ing of and ability to measure fetal physiologic and bio-
chemical homeostasis. As our appreciation of the
mechanics controlling the protective circulatory adjust-
ments of the fetus to the stress of hypoxia continues to

increase along with our understanding of fetal pharma- -

cology, we are likely to develop new means not only to
detect but also to medically treat the fetus before and
during labor. In 1960 our ability to detect fetal asphyxia
consisted of clinical auscultation of the fetal heart rate
during labor and observation of the amniotic fluid for
meconium staining when the membranes ruptured. We
now know the sequence of events in the fetus that occurs
in response to maternal hypotension, or hypoxia. The
heart rate and blood pressure initially increase; then with
the rapid onset of fetal bradycardia and hypotension the
fetus develops a mixed metabolic and “placental” respi-
ratory acidosis. The cardiac output and umbilical blood
flow decrease sharply. A greater portion of the oxvgen-
ated umbilical vein blood is shunted past the liver into
the inferior vena cava and returned to the heart. The
cardiac output to the brain, heart, and adrenals is pref-
erentially maintained so that tissue perfusion of these
organs does not decrease significantly (Table 1-1). In con-
trast, the fetal lungs and cortex of the kidneys have a
decreased perfusion. The oxvgen consumption of the

fetus decreases by over 50%. When this sequence of

events becomes far enough advanced in the Rhesus mon-
key, baboon. and probably in the human, the problem is
- detectable by continuous monitoring of the fetal heart
rate and uterine pressure curves: characteristic high-risk

patterns such as those for cord occlusion or placental
insufficiency can be identified (p. 101). Nevertheless, the
treatments for fetal asphyxia currently available are lim-
ited to surgical intervention, oxygen, or position
changes. Monitoring of fetal transcutaneous oxygen and
carbon dioxide tensions provides us with more sensitive
tools to detect early fetal hypoxia, and improved under-
standing of the hormonal and neural regulation of the
patterns of fetal pathophysiologic response may broaden
our pharmacologic approach to treatment before birth.
Our ability to diagnose and/or treat some diseases before
birth, such as erythroblastosis, respiratory distress syn-
drome (hyaline membrane disease), and a large number
of genetic defects, has changed dramatically in recent
years.

Research on the pregnant sheep and nonhuman pri-
mate is likely to continue to produce important models
for the human but the focus of investigation has changed
from systems and organs to the cellular level of develop-
ment. We have progressed from simple determinations
of whether a substance crosses the placenta, and the
characterization of placental permeazbility by the molec-
ular weights of the solutes transterred and the anatomic
description of the placenta, to an appreciation of the
interactions of the lipid membrane transport systems of
the placenta, the kinetics of maternal uterine and fetal
umbilical blood flows, and the protein binding of solutes
and gases in these two circulations. This has laid the
groundwork for developing a real pharmacology for the
uterus, placenta, and fetus, which may be critical to our
understanding the control of labor and thus, eventually,
to our ability to decrease the incidence of low birth
weight or premature infants. Prenatal diagnosis and bio-
chemical and ultrasonic fetal monitoring may be the first
steps to future treatments that mayv include hybridization
of cells in the early blastocyst or embrvo to correct
inborn errors of metabolism, the stimulation of embryo-
genesis of organs, and the acceleration of organ matura-
tion. The latter has already proved to be effective in the
prevention of respiratory distress syndrome by treating
mothers of selected third trimester fetuses with betame-
thasone (Chapter 23).

Finally. advances in the field of neonatal-perinatal
medicine have focused attention on a number of ethical



and legal issues. There is mounting concern about life
and death decision making in neonatal intensive care
units. New and complex physician-patient-family—nurs-
ing staff-societal relationships exist in these units, and
this development has had an enormous impact on the
process of making medical decisions. Regionalization has
brought these issues into a sharper and more demanding
focus. Criteria have to be formulated for making certain
decisions that previously were made on a chance basis of
access to the health system, which was strongly influ-
enced by the economic position of a family. For example,
should a 750-gm infant with a poor prognosis for intact
survival be accepted in a regional neonatal intensive care
unit when it means one cannot accept a 2,000-gm infant
who is at high risk but has a good prognosis if he or she
survives, just because the referring physician in the case
of the 750-gm infant calls first or because the infant is
born in the same hospital where the intensive care unit is
located? The nature of the evolving customs or prelegal
restraints differ in some important respects from those
impinging on the traditional physician-patient relation-
ship outside neonatal intensive care centers. Participa-
tion in discussions antecedent to decision making
involves a diversity of people, the discussions are more
explicitly informative, and the demands on the physi-
cian’s ability to perceive what is meant from what is said
are more exacting. Ironically, but not surprisingly, as the
technology of care increases in these units, the difficult
choices for the physician are not the technical medical
decisions, but matters of judgment that require evaluat-
ing, analyzing, and interpreting the complex human
interests and concerns of the relatives, their friends and
advisors, and the staff, and the various consequences for
the people involved. These have always been the most
challenging and demanding decisions for physicians that
cannot be delegated to others. The new elements are the
frequency and complexity of these judgments in regional
neonatal intensive care centers.

Whatever decision-making process is used to improve
the quality of care provided to the individual patient,
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certain principles are important, but often not easy to
apply. The fundamental responsibility of all who are con-
cerned is to do no harm or, at least, no harm without a
reasonable expectation of a compensating benefit for the
patient. A corollary principle is that there must be con-
tinuous objective, critical scientific evaluation of the care
being currently provided and of proposed innovations.
Activities should not be initiated or continued that on
balance do harm to the well-being of a newborn infant.
The definition of “well-being” is the major problem,
since the varying ethical values, religious commitments,
and life experiences of all those who care for and about
the infant, as well as legal restraints, must be taken into
consideration. In general, the elements of well-being
include a life prolonged beyond infancy, without excru-
ciating pain, and with the potential of participating in
human experience to a minimal degree.

Awareness of the above diverse considerations has
contributed to the impetus for further clinical specializa-
tion within pediatrics, and obstetrics and gynecology,
resulting in the formation of a field of clinical medicine
for the fetus and neonatal infant: neonatal-perinatal med-
icine. This field has already expanded to encompass the
developing embryo before as well as after organ forma-
tion and older infants whose immaturity or disease pro-
cess makes them best cared for in neonatal intensive care
centers.

Richard E. Behrman
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CHAPTER 2

PART ONE

The organization of perinatal
health services

The successful delivery of high-quality care to perina-
tal patients requires not only excellence from physicians,
nurses, and other health professionals as individuals, but
also community involvement and a mechanism or system
of organization that permits them to function as cohesive
and well-coordinated teams.

Regionalization implies the development, within a geograph-
ic area, of a coordinated ceoperative system of maternal and
perinatal health care in which, by mutual agreements between
hospitals and physicians and based upon population needs, the
degree of complexity of maternal and perinatal care each hos-
pital is capable of providing is identified so as to accomplish the
following objectives: quality care to all pregnant women and
newborns, maximal utilization of highly trained perinatal per-
sonnel and intensive care facilities, and assurance of reasonable
cost effectiveness.*

BACKGROUND AND HISTORICAL PERSPECTIVE

Before 1940, perinatal care services were delivered in
the United States, Canada, and Europe without any par-
ticular organization or structure. Most of the care was
provided by an individual physician or midwife. In many
areas the majority of the deliveries occurred in the home.
A number of maternity hospitals developed in the larger
urban areas, usually serving as teaching hospitals. These

*From Ryan, G.M.: Toward improving the outcome of pregnancy,
Report of the Committee on Perinatal Health (AAFP, AAP, ACOG,
AMA), 1976, Obstet. Gynecol. 46:375, 1975. Reprinted with permis-
sion from The American College of Obstetricians and Gynecologists.
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maternity hospitals often had home delivery services and
neighborhood clinics serving a geographic area.

During the 1940s and early 1950s a number of cities
developed centers for the care of premature infants.
Most of these centers were located in urban areas. In
Illinois, premature centers were located to serve the
rural areas as well. In the late 1940s and 1950s many of
the European countries, particularly in Scandinavia and
the Netherlands, developed systems of care for the peri-
natal patient based on the development of primary pre-
natal care clinics staffed largely by midwives with district
and regional hospitals for the care of mothers with com-
plications. During the 1950s a number of states devel-
oped maternal mortality committees. These committees
developed data that were used as a basis for activities
directed at preventing maternal mortality.

From 1964 to 1968, studies were undertaken in Mas-
sachusetts, Wisconsin, and Arizona to analyze causes of
neonatal mortality and morbidity. In Massachusetts the
studies led to the development of standards and regula-
tions for maternity units. Their implementation resulted
in a decrease in the number of maternity units in Mas-
sachusetts from 102 in 1967 to 65 in 1975. In Wisconsin
the studies led to the development of a statewide educa-
tion-consultation program and regional newborn inten-
sive care centers. These units subsequently evolved into
regional perinatal centers. In 1967, as a result of a study
of premature mortality, Arizona developed a statewide
transport program for premature and other high-risk
neonates. Three additional factors that promoted the
movement toward the development of regional care
plans were the study and report of the Joint Committee
of the Society of Obstetricians and Gynaecologists of
Canada and the Canadian Paediatric Society, entitled



“Regional Services in Reproductive Medicine”; the
adoption of a statement on regionalization of perinatal
care by the American Medical Association; and the
report of the joint Committee on Perinatal Health of the
American Medical Association, the American College of
Obstetricians and Gynecologists, the American Academy
of Family Physicians, and the American Academy of
Pediatrics, entitled “Toward Improving the Outcome of
Pregnancy.” These reports, along with the data from
Wisconsin, Massachusetts, and Arizona, have stimulated
activities in most states toward development of regional
organizations for perinatal care services. Additional
impetus has been derived from the establishment of
regional perinatal centers in the United States by the
Robert Wood Johnson Foundation.

NEED FOR AN ORGANIZED PERINATAL CARE
SYSTEM

There are marked disparities in the perinatal mortality
for various nations. These disparities are particularly
striking among various European nations, the United
States, and Canada. There are also marked differences
between states or districts within a country and between
areas within the same district or state. Marked differ-
ences in perinatal mortality exist between census tracts
within the same urban area. Those nations with well-
organized systems for perinatal care have better perina-
tal mortality and morbidity statistics.

Often high fetal and neonatal mortality is attributed to
socioeconomic conditions, educational deficiencies, and
related social factors. In some areas, however, high peri-
natal mortality may exist simultaneously with very low
mortality for older age groups, suggesting that the lack of
adequate health care services for the pregnant woman
and neonate is a major factor responsible for the high
perinatal mortality.

In the studies from Massachusetts and Wisconsin, 30%
to 65% of the fetal and neonatal mortalities were judged
preventable. Of the preventable deaths, approximately
half were judged preventable within the resources of the
community hospital and its staff; the other half required
the resources of a specialized regional center with team-
derived resources. Studies of infants following neonatal
intensive care have shown a marked reduction in the fre-
quency of permanent neurologic sequelae. Thus the
development of neonatal intensive care results not only
in reduction in mortality but also in a reduction in serious
morbidity. Maternal intensive care units and high-risk
obstetric programs decrease fetal mortality and also
reduce the frequency of neonatal problems requiring
intensive care. The decrease in the number of deaths and
improvement in the outcome for the survivors of both
maternal and neonatal intensive care have justified the
cost investment in these programs.

Organization of nursery services 5

PRINCIPLES OF ORGANIZATION

There are general principles that form the basis for the
development of regional health care services for perina-
tal patients. These principles derive from an understand-
ing of the care needs of the mother, fetus, and family
during pregnancy, and of the mother, newborn, and fam-
ily following birth.

Accountability for population

Regionalization denotes a geographic area or popula-
tion with definable care needs. The regional center and
the network of related institutions are accountable for
the overall perinatal health care for the region. The data
on mortality and morbidity, frequency of problems, and
quality of care are assessed for the entire population in
the area. The availability and quality of care in any given
institution become the responsibility of all the institu-
tions, including the perinatal center.

One standard of quality

Regionalization is based on the premise that there
should be a single st ndard of quality perinatal care. Any
mother or infant should have equal access to all the

components of a functioning perinatal system (see
Table 2‘1)

Differing care capabilities of institutions

Institutions operating within a region will differ in
their capability for providing perinatal care. These differ-
ences reflect number of patients, educational back-
ground and experience of medical and nursing staff, and
availability of equipment and facilities. Each institution
is expected to deliver high-quality care up to the level of
its capability. When care requirements exceed its capa-
bility, the patient is referred to the closest facility that
has the capability.

The majority (60% to 80%) of problems associated with
increased risk for the mother, fetus, or newborn are
detectable sufficiently in advance of the crises to permit
either the appropriate care resources to be made avail-
able locally or transfer of the patient to where appropri-
ate resources are available. Even under ideal circum-
stances certain patients will have to move from one facil-
ity to another during the course of care. Thus institutions_
within a region must be effectively linked to permit ease
of patient movement.

Minimal patient movement

The organization of the regional care network should
be designed to make it possible for patients to receive
care appropriate to their needs as close to their homes as
possible. Only those patients with care needs exceeding
that of their community facility should need to be
referred to another institution. Through outreach educa-



