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Dedication

To the former editor and inspiration for the manual John P. Cloherty,
to my teachers, to my students, to my family,
and to the many babies and parents
we have cared for






Preface to the International Edition

This edition of the Manual of Neonatal Care has been completely updated and extensively
revised to reflect the changes in fetal, perinatal, and neonatal care that have occurred since the
seventh edition. In addition, we welcome Camilia R. Martin from Harvard as a new editor and
collaborator.

In the Manual, we describe our current and practical approaches to evaluation and man-
agement of conditions encountered in the fetus and the newborn, as practiced in high-volume
clinical services that include contemporary prenatal and postnatal care of infants with routine
as well as complex medical and surgical problems. Although we base our practice on the best
available evidence, we recognize that many areas of controversy exist, that there is often more
than one approach to a problem, and that our knowledge continues to grow.

Our commitment to values, including clinical excellence, multidisciplinary collaboration,
teamwork, and family-centered care, is evident throughout the book. Support of families is
reflected in our chapters on breastfeeding, developmental care, bereavement, and decision
making and ethical dilemmas. To help guide our readers, we have added a section of key points
to each chapter.

We acknowledge the efforts of many individuals to advance the care of newborns and
recognize, in particular, our teachers, colleagues, and trainees at Harvard, where the editors
all trained in newborn medicine and practiced in the neonatal intensive care units (NICUs).
We are indebted to Clement Smith and Nicholas M. Nelson for their insights into newborn
physiology and to Stewart Clifford, William D. Cochran, John Hubbell, and Manning Sears
for their contributions to the care of infants at the Boston Lying-In Hospital and all the former
and current leaders of the Newborn Medicine Program at Harvard.

This would have been an impossible task without the administrative assistance of Ashley
Park. We also thank Ashley Fisher of Wolters Kluwer for her invaluable help and patience.

We dedicate this book to Dr. Mary Ellen Avery for her contributions to the care of in-
fants all over the world and to the personal support and advice she has provided to so many,
including the editors. We also dedicate this book to our founding editor, Dr. John P. Cloherty,
whose collaboration with current editor Dr. Ann R. Stark led to the first edition more than
three decades ago, and is acknowledged in the revised title of this edition. Finally, we gratefully
acknowledge the nurses, residents, fellows, parents, and babies who provide the inspiration for
and measure the usefulness of the information contained in this volume.

Eric C. Eichenwald, MD
Anne R. Hansen, MD, MPH
Camilia R. Martin, MD, MS

Ann R. Stark, MD






Preface to the South Asian Edition

Cloherty and Stark’s Manual of Neonatal Care has been my first and best teacher in neonatology
from way back in 1996, when I joined my pediatrics training. Cloherty has been the bedside
guide for neonatal training across India and am sure it is the same for most of the students and
practicing doctors across the world.

It is a proud privilege to contribute to the South Asian edition of this book. We have
attempted to make this edition simple and enjoyable for students and practicing pediatricians
of our region without changing the spirit and content of the great book that has grown in
respect over the decades. One of the most important need for an Asian adaptation is the major
difference in resources and trained manpower available for sick newborns. There are ethnic
differences in a few conditions especially infections, fetal growth restriction, neonatal jaundice,
and many more.

India and South Asia have grown as a neonatal power in the last decade. We have seen an
exponential increase in trained neonatal specialists and neonatal nurses. They have improved
care of normal and sick newborns through evidence-based practices. Availability of infrastruc-
ture, equipment, easy access to knowledge through internet, and growing awareness of quality
and safety in health care has improved intact survival of extreme preterm and sick babies. As
an editor, with the help of these neonatal specialists and nurses in Asia and across the world,
I have attempted to showcase the scientific prowess and stature of Asian region, especially India.
Asia-specific data and publications have been included, wherever available. Guidelines for prac-
tice have been adapted, understanding well the significant differences in processes within India
(and Asia) at various levels of health care.

The popularity of the manual is testimony to the untiring work of the editors and authors
of the previous editions.

The opportunity to update and adapt the best neonatal care manual to region-specific needs
was an immense responsibility, yet not too difficult. I had the help from almost 80 experts and
a similar number of young neonatologists from India and abroad who have worked for a large
part of their neonatal practice in Asian countries. Some of them are now part of most reputed
academic organizations of the world. Many of the authors are busy clinicians and distinguished
academicians rolled into one, thus making the manual a true bedside companion.

Care of a newborn starts in-utero. Fetal well-being assessment has seen significant changes
to less invasive and more accurate methods of evaluation. Restricted use of oxygen, delivery
room CPAP, change in management of meconium passage in-utero, thermoregulation in
extreme preterm, delayed cord clamping, and therapeutic hypothermia have been updated in
the Resuscitation chapter. Care of extremely preterm baby, development supportive care, dis-
charge planning, follow up, and bronchopulmonary dysplasia have evolved into a new science
altogether in the last few years. These topics have been appropriately revised in various chapters
in the book.

Infections and antibiotic use distinguish tropical region from the rest of the world. Fre-
quent infections in Asia include gram negative microbes in contrast to GBS, these have been
discussed in detail, and a new chapter on antimicrobials in NICU has been included.

Advances in technology have improved outcomes of ventilation, PPHN, congenital heart
disease, shock, and genetic diagnosis. These advances have been included in simple and easy to
understand language.

The COVID-19 pandemic has changed almost everything we considered as normal starting
from resuscitation in labor room to understanding of grave impact of viral infections. We have
attempted to include as much knowledge as on date, although enough is not known and we are
still battling the pandemic.

Early work of many pioneers has brought neonatology to its present level, but changing
concepts necessitated deleting some of the older tables, facts, and guidelines. Every chapter has
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been updated and adapted to Asian context. We hope the this edition will justify the efforts of
the publishers to meet the growing demand of a regional neonatal manual of highest standards.
This edition is not just an Asian adaptation, it is a completely updated manual. We have made
best efforts to update diagnostics, therapeutics, and knowledge of disease processes.

Naveen Jain, DM
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Fetal Well-Being
Assessment and Prenatal
Diagnosis

_ Stephanie Dukhovny, Louise E. Wilkins-Haug

KEY POINTS

* Prenatal screening for aneuploidy must be offered, after appropriate counseling, to
all pregnant women.

* Fetal crown-rump length (measured in the first trimester) is the most accurate esti-
mate of the gestational age.

* First trimester screening for aneuploidy includes a combination of maternal age,
pregnancy-associated plasma protein-A (PAPP-A), free B-human chorionic gonado-
tropin (B-hCG), and nuchal translucency (NT).

* Second trimester screening for aneuploidy includes a combination of maternal
serum o-fetoprotein (MSAFP), total or free B-hCG, unconjugated estriol (uE3), and
inhibin A (quad test); it is less sensitive than first trimester screening.

* Integrated screening increases the detection rate of aneuploidy (trisomy 21) and
decreases false-positive rates.

* Prenatal cell free DNA screening (non-invasive prenatal test) is recommended for
women at a high risk for aneuploidy.

* Ultrasound screening for anomalies is a non-invasive, cost effective method and is
available even in resource-limited settings.

* Diagnosis of aneuploidy can be confirmed by chorionic villus sampling.

* Amniocentesis is usually performed at 16 to 20 weeks of gestation—genetic,
biochemical, and microbiological studies can be done.

* Fetal growth restriction (FGR) may be due to placental insufficiency or innate fetal
causes.

* EarlyonsetFGRisassociated with severe placental insufficiency andrisk of preeclampsia.

 Late-onset FGR is commoner and is associated with the risk of intrapartum fetal distress.

* Advances in fetal well-being assessment have significantly improved the manage-
ment of high-risk pregnancies; at the same time, improper interpretation can result
in unnecessary interventions.

* Fetal well-being in the antenatal period can be measured by umbilical artery
Doppler, biophysical profile, and nonstress test, and in the intrapartum period by
fetal heart rate monitoring and fetal blood sampling.

Perinatology and neonatology are branches of medicine which deal with early diagnosis of
fetal and neonatal diseases and their appropriate management. These are discussed in de-
tail in the 70 chapters of this book. Most often the treating physician, parents, and family
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members are concerned mainly with physical aspects of fetal development 7z utero. But
they forget that baby does not develop merely in terms of somatic growth. He/she develops
holistically and undergoes a very rapid brain development during the whole pregnancy, and
this continues for the first 3 years after birth.

Investing in early childhood development is good for everyone: communities, parents,
and most importantly for children themselves. One must start from the first days of life
and spend quality time with the baby (smiling, touching, talking, storytelling, music,
reading books, and engaging in play). These build neural connections (synapses) that
strengthen the baby’s brain. Ideally positive parenting should begin even before birth.

The development of the brain is sensitive to prenatal experiences. The epigenetic
modulation may be as equally important as the genetic and biologic endowment. Scientists
have employed various methods to prove the unimaginable learning abilities and awareness
of prenates and their influences on mental development. Even an extreme preterm baby
has abilities to perceive all the senses and have organized responses, either self-regulatory
(cope with stress) or stress response. In fact, this knowledge has been the driving force
behind developmentally supportive care in neonatal intensive care units. The baby in-utero
begins to experience the world through touch as early as 8 weeks. Later in pregnancy,
the fetus sequentially develops the other senses - taste, sound, smell, and sight. It is these
senses that enable the baby to acquire information and learn from womb experiences.
Developmentally supportive care of the premature and sick babies (family-centered care)
is already central to neonatal intensive care units and surely must be extended to positive
health of all unborn babies.

There is an ongoing debate regarding the extent to which these memories have impact
on their mental function and personality. Proof of memory comes from tests that evaluate
habituation. Habituation is the modification of responses to repeated stimuli. Vibro-
acoustic habituation has been demonstrated as early as 22 weeks of gestation. Fetuses
older than 34 weeks could reproduce learnt content after a period of 4 weeks. Fetuses
remembered musical patterns and showed specific changes in heart rate frequency and
motor activity in well-designed experiments. Although the process of learning is life long,
the experiences in the earliest stages of brain development may create blueprints for future
behaviors and abilities to adapt.

The nurturing framework should help parents-to-be and caregivers to ensure that every
baby gets the best start in life. This “philosophical” start to “physiological” health may
appear out of context to a manual of neonatal care. But one must remember that ‘normal
development’ of the ‘normal baby’ (without diseases) is a science far more essential as com-
pared to only management of medical conditions like gestational diabetes, hypertension,
and aneuploidy.

|. GESTATIONAL AGE (GA) ASSESSMENT. GA assessment is important to both the
obstetrician and the neonatologist and must be made with a reasonable degree of
precision. Elective obstetric interventions such as chorionic villus sampling (CVS)
and amniocentesis must be timed accurately. When premature delivery is inevitable,
GA is important with regard to prognosis and the initial neonatal treatment plan.
Wrong dates and inaccurate assessment of GA can increase iatrogenic interventions.
The clinical estimate of GA is best made on the basis of the first day of the last
menstrual period (LMP). LMP dating has accuracy in women with regular 28-day
cycles. If there is a history of irregular cycles, pregnancy dating should be done by
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early sonogram. Most of the clinical methods of calculating GA are of limited accu-
racy—first maternal perception of fetal movement, first auscultation of fetal heart
sounds, and maternal physical examination (symphysiofundal height [SFH]). As
per the American College of Obstetricians and Gynecologists (ACOG), ultrasound
measurement of the embryo or fetus in the first trimester (up to and including 13
6/7 weeks of gestation) is the most accurate method to establish or confirm the GA.
Fetal crown—rump length (CRL) is the most accurate assessment of GA. At <9 weeks of
gestation, if the CRL and LMP dates differ by >5 days, then ultrasound is considered
as the better estimate of GA. After 14 weeks, measurement of the head circumference
(HC) and femur length (FL) is used to estimate GA. Additional fetal measurements,
including biparietal diameter (BPD), abdominal circumference (AC), fetal long
bones (i.e., femur, humerus, ulna, and tibia), and transverse cerebellar diameter, may
also assist in the estimation of fetal GA. Owing to normal biological variability, the
accuracy of GA estimated by biometry decreases with increasing GA.

. PRENATAL DIAGNOSIS OF ANEUPLOIDIES. Universal prenatal screening for aneu-

ploidies should be offered to all women, irrespective of their risk status and age, as
majority of the chromosomal anomalies (especially trisomy 21) are seen in women
younger than 35 years.

Two types of tests are available: screening and diagnostic tests.

A. Screening tests. These include serum tests in the mother, imaging, and cell-free
fetal DNA in the maternal blood.

1. Serum tests for aneuploidy. We will discuss the tests based on the period of
pregnancy at which they are offered.

a. First trimester screening
b. Second trimester screening (STS) for aneuploidy

c. Combined first and second trimester screening for aneuploidy

a. First trimester screening (FTS). First trimester aneuploidy screening
is performed between 11 and 13*® weeks of pregnancy. It is done using
a combination of maternal age, pregnancy-associated plasma protein-A
(PAPP-A), free f-human chorionic gonadotropin (B-hCG), and nuchal
translucency (NT) on ultrasound. Detection rates of trisomy 21 are around
90% to 94% with low false positives of only 3% to 5% (Table 1.1).

Maternal levels of two analytes, PAPP-A and B-hCG (either free or
total), are altered in pregnancies with an aneuploid conception, i.e., triso-
mies 21, 13, and 18.

Besides aneuploidy, Besides aneuploidy, decrease levels of PAPP-A
(<0.415 MOM) may be associated with fetal growth restriction (FGR),
preterm labor, gestational hypertension, preeclampsia (PE), and ectopic
pregnancy. PAPP-A is higher in twin pregnancies. Hence, abnormal
PAPP-A is not specific to aneuploidy. Ideal timing for testing PAPP-A is 9
to 10 weeks.

Ultrasonographic assessment of the fluid collected at the nape of the
fetal neck behind the cervical soft tissue, NT, is a sensitive marker for an-
euploidy. It should be measured for a CRL between 45 and 84 mm. With
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Table 1.1. Characteristics of Serum Screening Options for Aneuploidy
Screening Test | Detection Rate for | Screen-Positive | Analytes and/or
Trisomy 21 (%) Rate (%) Measurements Obtained
First trimester | 90 5 Nuchal translucency
screening PAPP-A
hCG (maternal age)
Quad screen 81 5 hCG
AFP
uE3
Inhibin A
Integrated 96 5 First trimester screen, then
screening quad screen
Sequential screening
Stepwise 95 5 First trimester screen, then
quad screen for all
Contingent 88-94 5 First trimester screen, then
quad screen only for inter-
mediate/high risk
Cell-free fetal 99 0.5 Molecular evaluation of
DNA cell-free fetal DNA within
maternal serum
AFP, a-fetoprotein; hCG, human chorionic gonadotropin; PAPP-A, pregnancy-associated plasma pro-
tein-A; uE3, unconjugated estriol.
Adapted from Committee on Practice Bulletins—Obstetrics, Committee on Genetics, Society for
Maternal-Fetal Medicine. Practice bulletin no. 163: screening for fetal aneuploidy. Obster Gynecol
2016;127(5):e123-€137.

optimization of image and quality control, studies indicate a 70% to 80%
detection of aneuploidy in pregnancies with an increased NT. NT above
the 95th centile for a particular CRL (2.1 mm for a CRL of 45 mm, and
2.7 mm for a CRL of 84 mm) is associated with an increased risk of an-
euploidy and should be evaluated further. In addition to aneuploidy, some
fetuses with structural abnormalities such as cardiac defects and lymphatic
defects will also have an abnormal NT. Risk of other anomalies in the fetus
with an increased NT includes single-gene defects, central nervous system
(CNS) defects, and skeletal and abdominal wall defects. Ultrasound for NT
is best performed at 11 to 13*° weeks.

Other ultrasound findings in the first trimester fetus that may be as-
sociated with trisomy include absent or hypoplastic nasal bone, abnormal
ductus venosus (DV) blood flow, and triscuspid regurgitation.

A combined screening and diagnostic test—one-stop clinic for as-
sessment of risk (OSCAR)—is practiced in centers where biochemistry is
performed by 11 weeks and scan at 11 to 12 weeks and risk assessed after
scan. CVS is offered on the same day if risk is more than 1 in 100.
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b. Second trimester screening (STS) for aneuploidy

i

ii.

Quadruple panel (quad test). Fetal chromosomal abnormalities are as-
sociated with altered values of maternal serum a-fetoprotein (MSAFP),
hCG (free p or total), unconjugated estriol (uE3), and inhibin A. In a
pregnancy (fetus) with trisomy 21, hCG (free f or total) and inhibin
A levels are high, and MSAFP and uE3 levels are low. Trisomy 18 is
typically signaled by low levels of all serum biochemical markers. A
serum panel in combination with maternal age can estimate the risk of
trisomy 21 for an individual woman with modest accuracy. Only 80%
of the fetuses with trisomy 21 will have a “positive” quadruple screen
(Table 1.1). As this screen has a lower sensitivity than FTS, STS is not
repeated as a second screen after FTS. A quad test is offered only to mothers
who did not have FTS for aneuploidies.

MSAFP is best measured between 15 and 22 weeks. a-Fetoprotein
(AFP) is secreted by the fetus and is present in the amniotic fluid
and maternal serum. MSAFP elevated above 2.5 multiples of median
(MOM) for the GA occurs in 70% to 85% of fetuses with open spina
bifida and 95% of fetuses with anencephaly. High MSAFP is not specific
for aneuploidy (Table 1.2); in half of the women with elevated levels,
ultrasonic examination reveals a cause other than an abnormal fetus,

Table 1.2. Conditions Associated with Abnormal MSAFP Levels

Conditions with Elevated MSAFP Levels

Conditions with Reduced MSAFP Levels

Underestimated gestational age

Overestimated gestational age

Maternal low BMI

Trisomies

Multiple gestation

Fetal wastage

Open neural tube defects

Maternal diabetes

Open abdominal wall defects

Maternal obesity

Esophageal/intestinal obstruction

Renal conditions such as renal agenesis/uri-
nary tract dilatation/congenital nephrosis

Cloacal exstrophy

Skin conditions such as aplasia cutis

Fetomaternal hemorrhage

Sacrococcygeal teratoma

Osteogenesis imperfecta

Placental chorioangioma/accreta spectrum/
abruption

Maternal hepatic and ovarian tumors

BMI, body mass index; MSAFP, maternal serum a-fetoprotein.
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most commonly an error in GA estimate. Ultrasonography intracranial
signs such as changes in the head shape (lemon sign) or deformation of
the cerebellum (banana sign) point toward neural tube defect (NTD).

c. Combined first and second trimester screening for aneuploidy.

Combined screening aims at increasing the sensitivity of screening for
trisomy 21 (to miss no baby with Down’s syndrome) while retaining a low
screen-positive rate (unnecessary invasive tests). There are two approaches;
they differ primarily in whether they disclose the first trimester results im-
mediately after the test or disclose only after both first and second trimester
testing are completed.

i. Integrated screening. It involves a first trimester ultrasound and ma-
ternal serum screening in both the first and second trimesters. This
approach achieves the highest detection rate of trisomy 21 (97%) at a
low screen-positive rate (2%). This is a nondisclosure approach; the re-
sults of FTS are released only after the STS reports are available. Family
anxiety is high for 3 to 4 weeks, while they are waiting.

ii. Sequential screening. Results indicating a high risk of trisomy 21 in the
first trimester are declared, but the entire population is screened in the
second trimester (stepwise sequential). In another approach (contingent
approach), low-risk patients do not return for further screening, as their
risk of a fetus with Down’s syndrome is low; only high-risk patients are
further tested. When the two types of sequential tests are compared, they
have similar overall screen-positive rates of 2% to 3%, and both have
sensitivities of >90% for trisomy 21 (stepwise 95%; contingent 93%)

2. Imaging for prenatal diagnosis

a. Ultrasound in prenatal diagnosis. Two-dimensional ultrasound allows

direct imaging of fetal abnormalities. It is noninvasive, economical, and
available even in resource-limited settings.

Mid-trimester (targeted imaging for fetal anomalies (TIFFA)] scan,
between 18 and 22 weeks, has traditionally enabled imaging to screen and
detect fetal structural anomalies. With the advent of transabdominal and
transvaginal high-frequency transducers, sonologists are now able to image
the fetus in greater detail at all gestations. Some anomalies are detectable in
the first trimester, e.g., anencephaly, holoprosencephaly, and conjoined twins.
However, most anomalies (e.g., fetal heart anomalies) remain too subtle to
be detected that early and require second trimester scanning. The introduc-
tion of color Doppler technology for fetal imaging has also improved the
detection of fetal anomalies (fetal echocardiography). The introduction of
three- and four-dimensional ultrasound has been reported to enhance the as-
sessment of specific fetal anomalies, such as the brain, heart, face, and palate.

Ultrasound is done in at-risk mothers, to look for anomalies, a normal
ultrasound is reassuring—it decreases the a priori maternal age risk of
Down’s syndrome by 50% to 60%. Second trimester ultrasound following
FTS for aneuploidy has likewise been shown to have value in increasing
pickup rate of trisomy 21.

Soft markers (Table 1.3) are sonographic findings with little or no
pathological significance in isolation. They may be normal variants, with
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Table 1.3. Soft markers for diagnosis of aneuploidy
Soft marker | Description Positive Negative Likelihood
Likelihood | Likelihood | ratio isolated
ratio ratio marker

Ventricu- Dilatation of the lateral 27.5 0.94 3.81
lomegaly ventricle atrium > 10

mm (Uni/ biventricular)
Thickened > 6 mm thickness of 23.3 0.8 3.79
nuchal fold skin and subcutaneous

tissues on the posterior

aspect of the fetal neck
Unossified Absent or 23.27 0.46 6.58
nasal bone | Hypoplastic nasal bone i.e.

nasal bone length <2.5

mm or < 0.75 MOM in

the mid-sagittal section

of the fetal profile
Aberrant Aberrant right subclavian 21.48 0.71 3.94
right artery arising most
subclavian distally from the aortic
artery arch
Echogenic Fetal bowel of similar or 11.44 0.90 1.65
bowel greater echogenicity

than the surrounding

bone
Pyelectaisis | Bilateral renal pelvic 7.63 0.92 1.08

anteroposterior mea-

surement in a transverse

scanning plane of

>4 mm from 16-28
Weeks and
>7 mm from >28 Weeks

Intracar- Echogenic small spot 5.83 0.80 0.95
diac echo- inside the heart having
genic focus brightness equivalent to

that of the bone
Short hu- Bone length <5th percen- | 4.81 0.74 0.78
merus tile for gestational age
Short Bone length <5th percen- | 3.72 0.80 0.61
femur tile for gestational age

Source: Agathokleous M, Chaveeva P, Poon LCY, Kosinski P, Nicolaides KH. Meta-analysis of sec-
ond-trimester markers for trisomy 21. Ultrasound Obstet Gynecol Off ] Int Soc Ultrasound Obstet
Gynecol. 2013 Mar;41(3):247-61.
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no clinical importance. They are usually transient and mostly resolve with
advancing gestation or after birth. But they may be markers for aneuploidy
in high risk population.

Ultrasound potentially aids in taking a decision as to whether to pursue
invasive testing or not.

b. Magnetic resonance imaging (MRI) in prenatal diagnosis.
Ultrasonography has limitations in the detection of fetal anomaly. Image
resolution may be limited by fetal positioning and movement, reduced
amniotic fluid volume, maternal obesity, and the state of filling of the ma-
ternal bladder. MRI has emerged as a complementary imaging modality for
assessing the fetus and is now widely available. MRI without contrast has
been reported to have little or no adverse impact on the mother and fetus,
although its safety in the first trimester has not been fully evaluated. Many
studies have reported that fetal MRI allows more detailed observation
than prenatal ultrasound and therefore provides additional information to
confirm a diagnosis. There is an emerging evidence of this added benefit
when assessing the fetal CNS, congenital diaphragmatic hernia, and abnor-
malities of the genitourinary system. It is, however, not recommended as a
primary imaging modality but as an adjunct to ultrasound.

c. Fetal echocardiogram (ECHO) for prenatal diagnosis. Prenatal detection
of congenital heart disease (CHD) helps in planning the place of birth (at a
cardiac surgery center) and avoids transfer of an unstable newborn; these are
associated with survival benefits. Initially, fetal echocardiography included
only a four-chamber view (basic cardiac echocardiographic examination
[BCEE)) of the heart, and then outflow tract view (OTV) and three-vessel
trachea view (3VTV) were added to increase the accuracy of fetal echocardi-
ography. Indications of fetal echocardiography could be as follows:

i. Fetal—suspected CHD on screening ultrasonography, fetal chromosomal
anomaly—fetal extracardiac anatomic anomaly, fetal cardiac arrhythmia -
persistent bradycardia or tachycardia, irregular rhythm, and nonimmune

hydrops fetalis

ii. Maternal—maternal metabolic diseases, e.g., overt diabetes, phenylke-
tonuria, systemic lupus erythematosus, maternal exposure to alcohol,
and intake of cardiac teratogenic medications

Coarctation of aorta, small ventricular and atrial septal defects, partial anom-
alous pulmonary venous return, and mild aortic or pulmonary stenosis are
abnormalities that may be missed by fetal echocardiography.

3. Cell-free fetal DNA screening for aneuploidy. Cell-free fetal DNA is a
non-invasive prenatal test (NIPT). Newer technology has allowed analysis of
cell-free fetal DNA from the maternal serum.

Cell-free fetal DNA screening for aneuploidy is not recommended in the
general obstetric population and currently is recommended only for women at
a high risk for aneuploidy—women who are >35 years old, have a history of a
fetus or newborn with aneuploidy, are carriers of a balanced translocation, or
have a positive traditional screening test. It is important to note that cell-free
fetal DNA targets specific aneuploidies and will miss abnormalities in other chro-
mosomes and those with a mosaic karyotype. NIPT allows detection of trisomies
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13, 18, and 21, sex chromosomal aneuploidies, and some microdeletion syn-
dromes. Fetal DNA detected in the maternal serum is placental in origin and is
released from apoptotic trophoblasts. Circulating DNA fragments detect both
maternal and placental cf DNA. The ratio of placental to total (consisting of
maternal and placental) cfDNA is known as the fetal fraction, which increases
with advancing pregnancy. Fetal cell fraction is a major determinant of a good
NIPT—a minimum of 4.5% is needed. Testing of cfDNA is generally per-
formed starting from the 10th week of gestation, since this is the time when the
fetal fraction in the maternal circulation reaches the minimum amount needed
for an accurate test result.

Sensitivity of cfDNA for trisomy 21 is reported at 99.3% and specificity
at 99.8%. For trisomy 18, the sensitivity is 97.4% and specificity is 99.8%.
Sensitivity is lower for trisomy 13 (91%) with a specificity of 99.6%.

Maternal chromosomal abnormalities or malignancy may result in nonre-
portable or false-positive results. Other possible sources of false-positive results
include vanishing twins or confined placental mosaicism. Failed NIPT can
occur in cases of maternal obesity and very early GA. Cell-free fetal DNA is
considered a screening test, and any positive cell-free fetal DNA result should
be followed up with a diagnostic test (CVS or amniocentesis) for confirmation
of the diagnosis.

B. Diagnostic tests for aneuploidy. Positive screening tests for aneuploidy in the
first or second trimester must be followed up by diagnostic tests, before any med-
ical decisions are made. Diagnostic tests include chorion villus sampling (CVS),
amniocentests, percutaneous umbilical blood sampling (PUBS), and preim-
plantation genetic diagnosis (PGD).

When a significant malformation or a genetic disease is diagnosed prenatally,
the information gives the obstetrician and pediatrician time to counsel the par-
ents, discuss options, and establish an initial neonatal treatment plan before the
infant is delivered. In some cases, treatment may be initiated 77 utero. Detailed
counseling should precede any invasive procedure; it should cover the expected
benefits, risks, and technical aspects of the test.

Indications for invasive prenatal diagnosis are as follows:

m Increased risk of fetal aneuploidy from a serum screening test and abnormal
ultrasound findings

m Obstetric history (previous fetus or child affected by aneuploidy)
m Increased risk for a known genetic or biochemical disease of the fetus

® Family history (parental carrier of chromosomal balanced translocation or
inversion, parental aneuploidy or mosaicism for aneuploidy)

® Maternal transmittable infectious disease
® Under certain circumstances, maternal request

Conception by assisted reproductive technique itself is not considered a valid
indication for invasive prenatal diagnosis. However, in pregnancies conceived by
intracytoplasmic sperm injection because of oligospermia, the prospective parents
should be informed that there is an increased risk of chromosomal anomalies in
the sperm causing infertility which may be transmitted to male offspring.
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When an invasive diagnostic test is performed for a structural abnormality de-
tected on ultrasound, a chromosomal microarray (CMA) is indicated, which will
detect aneuploidy as well as smaller chromosomal deletions and duplications.

If an invasive test is performed secondary to a positive screening test for
aneuploidy, either a CMA or a karyotype can be offered.

. Diagnostic tests - chorion villus sampling (CVS). Performed at or after

11 weeks of gestation (till 13+6 weeks), CVS provides the earliest possible
confirmation of a genetically abnormal fetus through analysis of tropho-
blast cells. Under ultrasonographic guidance, a sample of placental tissue is
obtained through a catheter placed through either a transcervical or a trans-
abdominal route. The possible complications of amniocentesis and CVS are
similar. Technical improvements in ultrasonographic imaging and in the CVS
procedure have brought the pregnancy loss rate very close to the loss rate after
second-trimester amniocentesis, 0.5% to 1.0%. CVS, if performed before
10 weeks of gestation, can be associated with an increased risk of fetal limb
reduction defects and oromandibular malformations.

CVS allows for diagnostic analyses, including fluorescence in situ hybridiza-
tion (FISH), karyotype, microarray, molecular testing, and gene sequencing,
Direct preparations of rapidly dividing cytotrophoblasts can be prepared,
making a full karyotype analysis available in 2 days. Even though direct prepa-
rations minimize maternal cell contamination, most centers analyze cultured
trophoblast cells, before reporting, which are embryologically closer to the
fetus. This procedure takes an additional 8 to 12 days.

In approximately 2% of CVS samples, a mosaic diagnosis is made, which
indicates that both karyotypically normal and abnormal cells are identified in
the same sample. Because CVS-acquired cells reflect placental constitution,
in these cases, amniocentesis is typically performed as a follow-up study to
analyze fetal cells. Only about one-third of CVS mosaicisms are confirmed to
be present in the fetus.

. Diagnostic study - amniocentesis. Amniotic fluid around the fetus is aspi-

rated through a needle guided by ultrasound. The removed amniotic fluid
(~20 mL) is replaced by the fetus rapidly within 24 hours. Amniocentesis can
technically be performed as early as 10 to 14 weeks of gestation, although early
amniocentesis (<13 weeks) is associated with a pregnancy loss rate of 1% to
2% and an increased incidence of clubfoot. Loss of the pregnancy following
an ultrasonography-guided second trimester amniocentesis (16 to 20 weeks)
is lower, at 0.5% to 1.0% in most centers.

Amniotic fluid analysis. The amniotic fluid contains desquamated cells from
the fetal skin, bladder, and gastrointestinal tract. They can be used for enzy-
matic/biochemical, genetic, and microbiological studies.

a. Enzymatic/biochemical analysis of amniotic fluid. Increased levels of
AFP along with the presence of AChE identify NTDs with >98% sensitiv-
ity when the fluid sample is not contaminated by fetal blood. Assessment
of fetal lung maturity by LS ratio (lecithin/sphingomyelin ratio) or mea-
surement of MSAFP in the amniotic fluid for NTD or bilirubin in Rhesus
D (RhD) isoimmunization is seldom done these days.
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b. Genetic analysis. The choice of the genetic test to be performed on the
cells obtained via amniocentesis (the same genetic tests can be performed
on CVS samples) depends on the indication for testing.

m Chromosomal analysis (i.c., karyotype) reports are available after 7 to
14 days.

m FISH. Interphase FISH provides a limited karyotype within 24 to 48
hours; the most frequently used probes detect aneuploidy of chromo-
somes 13, 18, 21, X, and Y, which are the most common causes of aneu-
ploidy. Metaphase FISH allows the identification of large chromosomal
abnormalities, including deletions, duplications, and translocations, as
well as smaller chromosomal microdeletions and duplications.

® Chromosomal microarray analysis (CMA) increases the diagnostic
yield over conventional karyotyping because it can delineate microdele-
tions and microduplications. It has a faster turnaround time because
studies can be performed directly on high-quality DNA extracted from
isolated cells so time for culture is not required (results take 3 to 5 days
with direct testing and 10 to 14 days when cultured cells are used).

m Polymerase chain reaction (PCR). DNA methodologies can be used
when the gene sequence producing the disease in question is known.
Disorders secondary to deletion of DNA (e.g., beta-thalassemia, Duchenne
and Becker muscular dystrophy, cystic fibrosis) can be detected by the al-
tered size of DNA fragments. Direct detection of a DNA mutation can
also be accomplished by allele-specific oligonucleotide (ASO) analysis.
ASO hybridization involves the placing (“spotting”) of denatured PCR-
amplified DNA onto a membrane and subsequent hybridization with
short allele-specific, labeled probes. Under optimal hybridization and
washing conditions, hybridization will occur only if the probe sequence is
perfectly complementary to the single-stranded sample DNA.

= DNA sequencing for many genetic disorders has revealed that a multi-
tude of different mutations within a gene can result in the same clinical
disease. For example, cystic fibrosis can result from >1,000 different
mutations. Therefore, for any specific disease, prenatal diagnosis by DNA
testing may require parental as well as fetal DNA. Trio analysis, consist-
ing of the proband and both biological parents, is preferred to singleton
(fetus only) or duo (fetus and one parent) analysis. It consistently shows
greater diagnostic yield compared with nontrio analysis. It allows for the
immediate identification of de novo variants, determination of phase for
biallelic variants, and confirmation of carrier status of both parents if a
homozygous variant is detected.

m Next generation sequencing (NGS) including whole genome sequencing
(WGS) or whole exome sequencing (WES) may be considered for a fetus
with ultrasound anomalies when standard CMA analysis and karyotype
analysis have failed to yield a definitive diagnosis. At present, there are no
data supporting its clinical use for other reproductive indications such as
the identification of sonographic markers suggestive of aneuploidy or a
history of recurrent unexplained pregnancy loss.
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3. Diagnostic tests - percutaneous umbilical blood sampling (PUBS) is
performed under ultrasonic guidance from the second trimester until term.
It can provide diagnostic samples for cytogenetic, hematologic, immunologic,
or DNA studies; it can also provide access for treatment 77 utero. An anterior
placenta facilitates obtaining a sample close to the cord insertion site at the
placenta. Fetal sedation is usually not needed. PUBS is associated with a 1%
to 2% risk of fetal loss and 5% risk of preterm delivery.

4. Diagnostic tests - preimplantation genetic diagnosis (PGD). During an in
vitro fertilization process, early in gestation (at the eight-cell stage in humans),
prior to transfer, one or two cells can be removed without known harm to the
embryo. PGD is useful for a wide range of autosomal recessive, dominant, and
X-linked molecular diagnoses. For couples at risk, testing allows for identifica-
tion of embryos that carry the disorder in question, and transfer of unaffected
embryos can be planned. In women who are at risk for X-linked recessive dis-
orders, determination of XX-containing embryos by FISH can enable transfer
of only female embryos. When one member of a couple carries a balanced
translocation, only those embryos that screen negative for the chromosomal
abnormality in question are transferred. When more cells are needed for mo-
lecular diagnoses, biopsy on day 5 is considered. An alternative approach is
analysis of the second polar body, which contains the same genetic material as
the ovum. Preimplantation genetic screening (PGS) to assess preimplantation
embryos for aneuploidy is not currently considered to provide reproductive
advantage to women of advanced maternal age or poor reproductive histories.

Genetic counseling is a must, before any screening/diagnostic test is inter-
preted to a mother. Patients must ideally be referred to a genetic counselor,
who is formally trained. A genetic counseling visit entails obtaining a detailed
medical and family history, including the age and health status of first-degree,
second-degree, and third-degree relatives. For the prenatal patient, additional
information such as genetic screening results, ultrasound findings, and possi-
ble teratogenic exposures is discussed. This information allows for a targeted
discussion regarding the likelihood of developing disease, testing options for
the condition, the impact that an illness could have on the patient and family,
and the possible interventions available to modify the disease. Ideally, antenatal
counseling is provided in a nondirective manner, emphasized on counseling the
patient on his or her options and the consequences of those options.

Ill. FETAL SIZE AND GROWTH RATE ABNORMALITIES may have significant implica-
tions for perinatal prognosis and care (see Chapter 7). Appropriate fetal growth assess-
ment is important in establishing a diagnosis and a perinatal treatment plan. The fetuses
may be smaller that expected (growth restricted) or larger than average (macrosomia).

A. Fetal growth restriction (FGR) may be due to the following:
1. Placental insufficiency
2. Problems intrinsic to the fetus
1. Placental insufficiency. These are constitutionally normal fetuses whose growth

is impaired. Because their risk of mortality is increased several-fold before and
during labor, FGR fetuses may need preterm intervention for best survival rates.
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Table 1.4. Early and Late-Onset FGR

Early FGR

Late FGR

GA <32 weeks, in absence of congenital
anomalies

GA 232 weeks, in absence of congenital
anomalies

Less common (20%-30%) of all FGR

Common (70%-80%) of all FGR

Placental insufficiency (severe)
Umbilical artery Doppler abnormal
High risk of PE

Placental insufficiency (mild)
Umbilical artery Doppler normal
Low risk of PE

Severe hypoxia
Systemic cardiovascular adaptation

Mild hypoxia

Central cardiovascular adaptation (cerebro-
placental ratio, middle cerebral artery
Doppler abnormal)

Immature fetus (higher tolerance to

hypoxia)

Mature fetus (lower tolerance to hypoxia)

Longer natural history/progression in
pregnancy/sequence of changes allows
planning

Shorter natural history/rapid deterioration
intrapartum/lack of sequence of changes
posing diagnostic challenge

Higher mortality

Lower mortality (accounts for late preg-
nancy deaths), poor long-term outcomes

FGR, fetal growth restriction; GA, gestational age; PE, preeclampsia.
Adapted from Gordijn SJ, Beune IM, Thilaganathan B, et al. Consensus definition of fetal growth
restriction: a Delphi procedure. Ultrasound Obstet Gynecol 2016;48(3):333-339.

FGR may be classified into two phenotypes—early onset and late-onset

FGR (Table 1.4).

a. The early onset FGR (less common, 20% to 30% of all fetal FGR) is as-
sociated with severe, chronic fetal hypoxia and has a high association with
preeclampsia (PE); it may require very preterm delivery. The umbilical
artery Doppler worsens over weeks followed by changes in DV Doppler;
this progression over weeks allows planning of the timing of the delivery.

b. The late-onset FGR is far common (70% to 80% of all FGR), has mild
placental insufficiency (umbilical artery Doppler may be normal), and is
associated with a low risk of PE. There is a risk of intrapartum fetal distress,
late pregnancy deaths, or severe neonatal acidosis. Late FGR is associated
with rapid deterioration and does not have the cascade of fetal deterioration
that is associated with early FGR.

2. Problems intrinsic to the fetus include chromosomal abnormalities (such
as trisomies, microdeletions, or duplications), congenital malformations, and
congenital infections (e.g., cytomegalovirus, toxoplasmosis, varicella, or ru-
bella). Prenatal genetic assessment should be considered if there is severe FGR
before 24 weeks or when structural anomalies or soft markers for aneuploidy
are present. Investigation by cell-free DNA versus a karyotype/microarray or
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DNA diagnostic studies is individualized to the specific findings of the case.
Prior knowledge that a fetus has a malformation (e.g., anencephaly) or chro-
mosomal abnormality (e.g., trisomy 18) that limits life allows the parents to
be counseled before birth of the child and may influence the management of
labor and delivery.

Diagnosis of FGR. Clinical examination by measuring the SFH detects about
two-thirds of cases and incorrectly diagnoses FGR in about 50% of cases.
Ultrasonography improves the sensitivity and specificity to >80%. From the
large Prospective Observational Trial to Optimize Pediatric Health Trial in
Intrauterine Growth Restriction (PORTO) study, the greatest risk for morbid-
ity/mortality was among those fetuses below the third percentile for estimated
fetal weight (EFW) with abnormal umbilical Doppler perfusion and delayed
serial growth trajectory.

B. Macrosomia. Macrosomic fetuses (4,000 g) are at an increased risk for shoul-
der dystocia and traumatic birth injury. Conditions such as maternal diabetes,
post-term pregnancy, genetic overgrowth syndromes, and maternal obesity are
associated with an increased incidence of macrosomia. Fetal macrosomia can be
determined clinically, by abdominal palpation using Leopold maneuvers, or by
ultrasound examination; both of these two techniques appear to be equally accu-
rate. EFW measurements are less accurate in large (macrosomic) fetuses than in
normally grown fetuses, and factors such as low amniotic fluid volume, advancing
GA, maternal obesity, and the position of the fetus can compound these inaccu-
racies. Unfortunately, efforts to use a variety of measurements and formulas have
met with only modest success in predicting the condition.

IV. ASSESSMENT OF FETAL WELL-BEING. The purpose of tests for fetal well-being

is to identify fetuses at risk of intrauterine compromise or death, so that timely
intervention and delivery can be planned. A sound knowledge of interpretation of
the tests is necessary to prevent incorrect decision of premature delivery of healthy
fetuses. Despite advances in technology, many of the tests have not significantly
reduced fetal mortality or morbidity.

Indications for fetal surveillance. Pregnancies with an increased risk for stillbirth
(chronic hypertension, pregestational diabetes, poorly controlled gestational diabetes,
growth restriction, advanced maternal age, increased maternal body mass, or vascular
disease) or new risk (decreased fetal movement, abdominal trauma, and vaginal bleed-
ing) are candidates for fetal surveillance. Most fetal surveillance begins at 32 weeks,
although in the setting of FGR, assessment prior to 32 weeks is often undertaken. The
frequency of monitoring is typically weekly; in high-risk conditions or those in which
the mother’s condition is changing, monitoring may be required more frequently.

A. Antepartum tests mostly rely on fetal behavior and responses, which require a
certain degree of fetal neurologic maturity. The following tests are not used until
the third trimester as fetuses may not respond due to immaturity:

1. Fetal movement monitoring is the simplest method of fetal assessment.
Mothers generally perceive fetal movements between 16 and 22 weeks of
gestation. Fetuses have a sleep—wake cycle, active periods average 30 to
40 minutes. and periods of inactivity >1 hour are unusual. Longer periods of
not perceiving movements should alert the physician to the possibility of fetal
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compromise. A “count to 10” method by the mother is the only approach to
fetal movement which has been validated and then evaluated as a screening
test. The same time of the day is chosen; fetal movements are noted with the
expectation of 10 fetal movements to be felt within 2 hours. The average time
to 10 movements is only 20 minutes (+18) in normal fetuses. Lack of attaining
10 movements prompts evaluation. A mother’s perception of decreased fetal
movement should always elicit further surveillance, although the alert has a
low predictive value. Fetal movement counting represents a low-technology
screening test that is applicable to all pregnancies. Although its effectiveness
in improving perinatal outcomes is debatable, it can be used as a cost-effective
first-line strategy. A large systematic review on fetal movement count showed
no improvement in perinatal outcomes. But the Society of Obstetrics and
Gynecology of Canada (SOGC) advises that women who report decreased
fetal movements (<6 distinct movements within 2 hours) should have a com-
plete evaluation of maternal and fetal status, including nonstress test (NST)
and/or biophysical profile (BPP).

2. Nonstress Test (NST) is the most common method of antepartum fetal assess-
ment. It is simple to perform in any setting where an electronic fetal monitor
is available. NST is relatively quick, and noninvasive, with neither discomfort
nor risk to the mother or fetus. It is based on the principle that fetal activ-
ity results in a reflex acceleration in the heart rate (Fig. 1.1). The required
fetal maturity is typically reached by approximately 32 weeks of gestation.
Absence of these accelerations in a fetus who previously demonstrated them
may indicate that hypoxia has sufficiently depressed the CNS to inactivate
the cardiac reflex. Testing reflects the current fetal state and cannot predict
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Figure 1.1. Reactive nonstress test showing accelerations occurring with fetal movement.
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future events or neonatal outcome precisely. The test is performed by moni-
toring the fetal heart rate (FHR) either through a Doppler ultrasonographic
device or through skin-surface electrodes on the maternal abdomen. The test
is performed by placing two transducers on the maternal abdomen, one for
recording FHR and another for recording uterine contractions. The test result
may be normal, atypical, or abnormal (Table 1.5). An atypical NST requires

further assessment.

Table 1.5. Normal, Atypical, and Abnormal NST

Parameter | Normal NST Atypical NST Abnormal NST
Baseline 110-160 bpm = 100-110 bpm ® Bradycardia <100 bpm
® >160 bpm for ® Tachycardia >160 bpm
<30 minutes for >80 minutes
= Rising baseline m Erratic baseline
Variability | ® 6-25 (moderate) <5 bpm (absent ® <5 bpm for
® <5 bpm (absent or minimal) for >80 minutes
or minimal) for 40-80 minutes = >25 bpm for
<40 minutes >10 minutes
® Sinusoidal
Accelerations
Term fetus | >2 accelerations <2 accelerations with | <2 accelerations with
with acme of >15 acme of >15 bpm acme of >15 bpm
bpm lasting 15 lasting 15 seconds lasting 15 seconds in
seconds in <40 in 40—80 minutes >80 minutes
minutes of testing
Preterm >2 accelerations <2 accelerations of <2 accelerations of >10
fetus with acme of >10 >10 bpm lasting bpm lasting 10 seconds
(<32 bpm lasting 10 10 seconds in in >80 minutes
weeks) seconds in <40 40-80 minutes
minutes of testing
Decelera- None or occasional Variable deceler- ® Variable decelerations,
tions variable <30 ations, 30- to >60-second duration
seconds 60-second duration | ® Late deceleration(s)
Action Further assessment Further assessment URGENT ACTION
optional, based required REQUIRED
on total clinical An overall assessment of
picture the situation and fur-
ther investigation with
ultrasound or BPP is re-
quired. Some situations
will require delivery

BPP, biophysical profile; NST, nonstress test.
Adapted from Liston R, Sawchuck D, Young DJ. No. 197a—fetal health surveillance: antepartum
consensus guideline. Obstet Gynaecol Can 2018;40(4):e251-e271.
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a. A normal NST result is reassuring, with the risk of fetal demise within the
week following the test at approximately 3 in 1,000.

b. An atypical test is generally repeated later the same day or is followed by
another test of fetal well-being.

c. An abnormal NST (Table 1.5) requires urgent action including an overall
assessment of the situation and further investigation with ultrasound or
BPP or may require urgent delivery. The difficulty with interpretation
of NST lies in its lack of specificity for fetal death or compromise, the
false-positive rate being as high as 50%.

The frequency with which NST should be performed is not established.
The NST is commonly obtained on a weekly basis, although increased testing
(two times per week to daily testing) is recommended for high-risk conditions.

. The contraction stress test (CST) was used in the past as a confirmatory
test when the NST was nonreactive, although with the availability of other
modalities for fetal surveillance, CST is obsolete now.

. The Biophyscial profile test (BPP) combines an NST with other parameters
determined by real-time ultrasonographic examination. A score of 0 or 2 is
assigned for the absence or presence of each of the following: a normal NST,
adequate amniotic fluid volume (single deepest vertical fluid pocket >2 cm),
fetal breathing movements, fetal activity, and normal fetal tone. BPP can assess
both acute (NST) and chronic (amniotic fluid volumes) stress. The total score
determines the course of action. Reassuring tests (8 to 10) are repeated at
weekly intervals, whereas less reassuring results (4 to 6) are repeated later the
same day. Very low scores (0 to 2) generally prompt delivery. The likelihood
that a fetus will die 77 utero within 1 week of a reassuring test is approximately
0.6 to 0.7 per 1,000.

. Doppler ultrasonography of the fetal umbilical artery (flow velocity waveform
pattern) is a noninvasive technique to assess placental resistance. A Cochrane
systematic review showed that the use of Doppler is associated with a decrease
in perinatal mortality, decrease in cesarean sections, and induction of labor.

A healthy placenta shows good diastolic flow in the fetal umbilical artery
(Fig. 1.2A). A poorly functioning placenta with extensive vasospasm or infarc-
tion results in an increased resistance to flow in the umbilical artery during
diastole (Fig. 1.2B). The ACOG practice guidelines support the use of um-
bilical artery Doppler assessments in the management of suspected FGR. The
PORTO study recently established the association of increased morbidity/
mortality as occurring primarily among FGR newborns with abnormal um-
bilical Doppler studies (pulsatility index >95th percentile or absent/reversed
end-diastolic flow). Analysis of placental histology with abnormal umbilical
artery Doppler flow has suggested loss of 50% to 70% of function associated
with absent or reversed umbilical artery blood flow (Fig. 1.2C). The use of
umbilical artery Doppler velocimetry measurements, in conjunction with
other tests of fetal well-being, can reduce the perinatal mortality in FGR.

Doppler measurements of the middle cerebral artery (MCA) can also be
used in the assessment of a fetus that is at risk for either FGR or anemia such as
that affected by RhD alloimmunization or parvovirus infection. Increased flow
in cerebral vessels shows early evidence of placental compromise especially in
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Umb-PI
Umb-RI

Figure 1.2. A: Doppler of fetal umbsilical artery (good forward flow in systole and diastole)—low resistance
(normal placenta). B: Doppler of fetal umbilical artery (decreased forward flow in diastole, increase in S/D
ratio, pulsatility index [PI])—placental insufficiency. C: Doppler of fetal umbilical artery (reversal of flow in
diastole)—severe placental insufficiency.

late-onset FGR. The peak velocity of systolic blood flow in MCA (Fig. 1.3A) is
a useful parameter for the detection of fetal anemia in RhD alloimmunization;
the need for invasive testing to evaluate fetal anemia is greatly reduced. In
FGR, the cerebral circulation is preferentially perfused by reducing resistance
to blood flow (brain-sparing effect). On the Doppler waveform of MCA, an
increase in flow during diastole points to a pathologic FGR.

The clinical utility of venous Doppler velocimetry is greatest in fetal con-
ditions with cardiac manifestations and/or marked placental insufficiency.

Progression of uteroplacental insufficiency can be revealed by ultrasound
Doppler assessment of fetal Venosus (DV) flow (Fig. 1.3B). In the Trial of
Randomized Umbilical and Fetal Flow in Europe (TRUFFLE), the timing of
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Figure 1.3. A: Ultrasound image of the fetal cerebral vasculature, with Doppler visualization of the middle
cerebral artery and measurement of the peak systolic velocity. B: Doppler of fetal ductus venosus showing
normal flow pattern. (S wave-ventricular systole, D wave-ventricular diastole, A wave-atrial contraction).

delivery was randomized and based on reduced short term variability (STV)
in fetal heart rate on computerized cardiotocography (cCTG), and pulsatility
changes in the DV; favorable outcome of early FGR fetuses was observed even
on waiting till late DV changes.

A number of studies have explored the role of uterine artery Doppler for
third trimester fetal assessment among women with high-risk pregnancies, but
its role in these settings is not clearly defined. Impedance to flow in the uter-
ine arteries decreases as pregnancy advances. Failure of adequate trophoblast
invasion and remodeling of maternal spiral arteries is characterized by a per-
sistent high-pressure uterine circulation and increased impedance to uterine
artery blood flow. Elevated uterine artery resistance indices at 22 to 24 weeks
of gestation indicate reduced blood flow in the maternal compartment of the
placenta and have been associated with PE, FGR, and perinatal death. For
classification, follow-up, and management of FGR fetuses, the staging system
proposed by Gratacos et al. (Barcelona staging system) is used.



20 | FETAL WELL-BEING ASSESSMENT AND PRENATAL DIAGNOSIS

B. Intrapartum assessment of fetus. Intraparcum monitoring is mostly based on
fetal heart rate monitoring; if decision making is difficult despite clinical and
FHR inputs, invasive methods of intrapartum fetal may be employed - Fetal
blood sampling (FBS).

1. Fetal heart rate (FHR) monitoring. FHR can be monitored by auscultation,
Doppler, or electronic fetal monitoring (EFM). Doppler is superior to ausculta-
tion in picking up an abnormal FHR. EFM is performed using cardiotocograph,
which is a paper record of FHR pattern plotted simultaneously in relation to
uterine activity. There is no evidence that EFM when compared with inter-
mittent auscultation decreases poor perinatal outcomes. In preterm labor, there
seems to be an association between intrapartum cardiotocographic changes and
cerebral palsy. NICE guidelines recommend intermittent auscultation alone
Jor low-risk pregnancies and continuous EFM for pregnancies with higher
risk. Continuous EFM monitors FHR and uterine activity simultaneously.

The FHR can be done by surface transducers on the maternal abdomen.
The most accurate but invasive method is to place a small electrode into
the skin of the fetal presenting part to record the fetal electrocardiogram
directly. It is done when external monitoring is not feasible as in morbid
obesity. Placement requires dilatation of the cervix and rupture of the fetal
membranes. When the electrode is properly placed, it is associated with a low
risk of fetal injury. Approximately 4% of monitored babies develop a mild
infection at the electrode site, and most respond to local cleansing. Uterine
activity is also recorded simultaneously. A tocodynamometer can be strapped
to the maternal abdomen to record the timing and duration of contractions.
When a more precise evaluation is needed, an intrauterine pressure catheter
can be inserted following rupture of the fetal membranes; this allows quanti-
tative record of contraction pressure. Invasive monitoring is associated with an
increased incidence of chorioamnionitis and postparmaternal infection.

Uterine activity is also recorded simultaneously. A tocodynamometer can be
strapped to the maternal abdomen to record the timing and duration of contrac-
tions. When a more precise evaluation is needed, an intrauterine pressure catheter
can be inserted following rupture of the fetal membranes; this allows quantitative
record of contraction pressure. Invasive monitoring is associated with an increased
incidence of chorioamnionitis and postpartum maternal infection.

The uterine contractions can compromise an unhealthy fetus. The pressure
generated during contractions can briefly reduce or eliminate perfusion of the
intervillous space. A healthy fetoplacental unit has sufficient reserve to tolerate
this short reduction in oxygen supply. Under pathologic conditions, however,
respiratory reserve may be so compromised that the reduction in oxygen
results in fetal hypoxia. Oxygenation, acidemia, and other vital functions are
monitored by peripheral chemoreceptors and baroreceptors, which provide
input on fetal status through afferent neurologic networks to the CNS.

Parameters of the FHR include the following:
a. Baseline heart rate is normally between 110 and 160 bpm.

i. Baseline fetal bradycardia, defined as an FHR <110 bpm, may re-
sult from congenital heart block associated with congenital heart



C

Prenatal Assessment and Conditions | 21

malformation, maternal systemic lupus erythematosus, maternal medi-
cations (p-antagonists—Ilabetalol), or fetal acidosis.

ii. Baseline tachycardia, defined as an FHR >160 bpm, may result from
a maternal fever, infection, stimulant medications (atropine) or drugs
(B,-agonists), and hyperthyroidism. Fetal dysrhythmias are typically
associated with FHR >200 bpm. In isolation, tachycardia is poorly pre-
dictive of fetal hypoxemia or acidosis unless accompanied by reduced
baseline variability or recurrent decelerations.

Baseline variability The autonomic nervous system of a healthy, awake
term fetus constantly varies the heart rate from beat to beat by approx-
imately 5 to 25 bpm. Reduced baseline variability may result from de-
pression of the fetal CNS, due to fetal immaturity, hypoxia, fetal sleep,
or specific maternal medications such as narcotics, sedatives, p-blockers,
corticosteroids, and intravenous magnesium sulfate.

Accelerations of the FHR in response to movements are reassuring.

FHR accelerations in response to mechanical stimulation of the fetal
scalp (gently nudging the presenting vertex with the examiner’s finger) or
to vibroacoustic stimulation are also reassuring.

Decelerations of the FHR may be benign or indicative of fetal compromise
depending on their characteristic shape and timing in relation to uterine
contractions.

i. Early decelerations are symmetric in shape and closely mirror uterine
contractions in time of onset, nadir, duration, and termination. They
are benign and maintain good baseline variability. These decelerations
are more commonly seen in active labor when the fetal head is com-
pressed in the pelvis, resulting in a parasympathetic effect.

ii. Late decelerations are decreases in the FHR that occur “late” in relation
to uterine contractions. The onset, nadir, and recovery of the decel-
eration occur after the beginning, peak, and end of the contraction,
respectively. A fall in the heart rate of 15 bpm below baseline (even if
still within the range of 110 to 160 bpm) and lasting for >15 seconds
is significant. Late decelerations are the result of uteroplacental insuf-
ficiency and possible fetal hypoxia. As the uteroplacental insufficiency/
hypoxia worsens, (i) baseline variability will be reduced and then lost,
(ii) decelerations will last longer, (iii) they will begin sooner follow-
ing the onset of a contraction, (iv) they will take longer to return to
baseline, and (v) the rate to which the fetal heart slows will be lower.
Repetitive late decelerations demand action.

iii. Variable decelerations vary in their shape and have no specific relation-
ship with contractions. Usually, they result from fetal umbilical cord
compression.

“Concerning characteristics” of variable decelerations include de-
celeration lasting more than 60 seconds, reduced baseline variability
within the deceleration, failure to return to the baseline, biphasic (W)
shape, and absence of shouldering (transient increase in the heart rate
before the start of deceleration).
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The labor room team must categorize and interpret intrapartum
cardiotocograph and plan management accordingly. It emphasizes that
when reviewing the cardiotocograph trace, assessment and documenta-
tion of contractions and all four features of FHR should be made, i.e.,
baseline rate, baseline variability, presence or absence of decelerations
(concerning characteristics of variable decelerations if present), and
presence of accelerations (Tables 1.6 and 1.7).

Digital fetal scalp stimulation should be offered and if this leads to
an acceleration in FHR, cardiotocograph monitoring can be continued.

Table 1.6. Classification and Interpretation of Intrapartum Monitoring

Baseline Baseline Decelerations
(bpm) Variability (bpm)
Reassuring | 110-160 | 5-25 = None or early
® Varjable decelerations with no concerning
characteristics* for less than 90 minutes
Non-reas- | 100-1097 | Less than 5 for Variable decelerations with no concerning
suring OR 30-50 minutes characteristics* for 90 minutes or more
161-180 | OR OR
More than 25 for | Variable decelerations with any concerning
15-25 minutes characteristics* in up to 50% of contrac-
tions for 30 minutes or more
OR
Variable decelerations with any concerning
characteristics® in over 50% of contractions
for less than 30 minutes
OR
Late decelerations in over 50% of contrac-
tions for less than 30 minutes, with no
maternal or fetal clinical risk factors such as
vaginal bleeding or significant meconium
Abnormal | Below 100 | Less than 5 Variable decelerations with any concerning
OR for more than characteristics® in over 50% of contractions
Above 180 | 50 minutes for 30 minutes (or less if any maternal or
OR fetal clinical risk factors [see above])
More than 25 OR
for more than Late decelerations for 30 minutes (or less if
25 minutes any maternal or fetal clinical risk factors)
OR OR
Sinusoidal Acute bradycardia, or a single prolonged

deceleration lasting 3 minutes or more

Adapted from NICE. Intrapartum Care for Healthy Women and Babies; Clinical Guideline; 2014.
*Regard the following as concerning characteristics of variable decelerations: lasting more than
60 seconds, reduced baseline variability within the deceleration, failure to return to the baseline, bipha-
sic (W) shape, and no shouldering.

TAlthough a baseline fetal heart rate between 100 and 109 beats/minute is a non-reassuring feature,
continue usual care if there is normal baseline variability and no variable or late decelerations.
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Table 1.7. Classification and Interpretation of Intrapartum Monitoring
Category | Definition Management
Normal All features are | m Continue cardiotocograph (unless it was started because
reassuring of concerns arising from intermittent auscultation and
there are no ongoing risk factors) and usual care
m Talk to the woman and her birth companion(s) about
what is happening
Suspicious | One non-reas- | ® Correct any underlying causes, such as hypotension or
suring feature | uterine hyperstimulation
AND ® Perform a full set of maternal observations
Two reassuring | ® Start one or more conservative measures™
features ® Inform an obstetrician or a senior midwife
® Document a plan for reviewing the whole clinical picture
and the CTG findings
m Talk to the woman and her birth companion(s) about
what is happening and take her preferences into account
Pathologic | One abnormal | ® Obtain a review by an obstetrician and a senior midwife
feature ® Exclude acute events (e.g., cord prolapse, suspected pla-
OR cental abruption, or suspected uterine rupture)
Two non-re- ® Correct any underlying causes, such as hypotension or
assuring uterine hyperstimulation
features ® Start one or more conservative measures*

Talk to the woman and her birth companion(s) about

what is happening and take her preferences into account

If the cardiotocograph trace is still pathologic after imple-

menting conservative measures

o Offer digital fetal scalp stimulation and document the
outcome

If the cardiotocograph trace is still pathologic after fetal

scalp stimulation

O Consider fetal blood sampling

O Consider expediting the birth

O Take the woman’s preferences into account

Adapted from NICE. Intrapartum Care for Healthy Women and Babies; Clinical Guideline; 2014.
*Conservative measures: Encourage the woman to mobilize or adopt an alternative position (and to
avoid being supine); offer intravenous fluids if the woman is hypotensive; reduce contraction frequency
by reducing or stopping oxytocin if it is being used and/or offering a tocolytic drug (a suggested regimen
is subcutaneous terbutaline 0.25 mg).

2.

Consider fetal blood sampling (FBS) if the cardiotocograph trace is still
pathologic.

Fetal blood sampling (FBS). FBS is recommended for women in labor in
whom expedited delivery by cesarean section is being planned for fetal distress
(abnormal FHR pattern). The acidosis or rise in lactate is considered as a
marker of fetal hypoxia. Decisions may be made without FBS, if the whole
clinical picture indicates that the birth should be expedited—for example,
there is an acute event (e.g., cord prolapse, suspected placental abruption,
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or suspected uterine rupture). Contraindications for FBS include risk of
maternal-to-fetal transmission of infection or risk of fetal bleeding disorders.
Interpretation of FBS:

[ ] pH
o0 Normal: >7.25
0 Borderline: 7.21 to 7.24
0 Abnormal: <7.20
m Lactate
0 Normal: <4.1 mmol/L
O Borderline: 4.2 to 4.8 mmol/L
0 Abnormal: 4.9 >mmol/L

If the fetal blood sample result is normal and there are no accelerations in
response to fetal scalp stimulation, a second fetal blood sample no more than
1 hour later is considered (if this is still indicated by the cardiotocograph trace).

If the fetal blood sample result is borderline and there are no accelerations
in response to fetal scalp stimulation, a repeat fetal blood sample no more than
30 minutes later is considered (if this is still indicated by the cardiotocograph
trace).

If the fetal blood sample result is still abnormal, a senior obstetrician must be
informed; the woman and her birth companion(s) must be explained about the
situation. Birth should be expedited by instrumental delivery if the cervix is fully
dilated or otherwise an emergency caesarean section should be planned.*
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Maternal Diabetes Mellitus

Aviva Lee-Parritz

KEY POINTS

Due to increasing obesity, the incidence of gestational diabetes mellitus (GDM) and
type 2 diabetes in pregnancy is increasing in women of all races.

Women with GDM or pregestational diabetes (i.e., type 1 or type 2 diabetes) have
higher rates of maternal and perinatal complications compared to the general
population.

Women with type 1 or type 2 diabetes are at significantly increased risk for hyper-
tensive disorders, such as preeclampsia, which is potentially deleterious to both
maternal and fetal well-being.

Preconception care is paramount in women with pregestational diabetes to appro-
priately counsel women about risks, optimize glycemic control, advise regarding
folic acid supplementation, assess complications, and discontinue any teratogenic
medications.

Appropriate management of pregnant women with GDM or pregestational diabetes
lowers the risk of maternal and perinatal adverse outcomes.

Route of delivery of a fetus affected by maternal diabetes is determined by ultra-
sonography-estimated fetal weight, maternal and fetal conditions, and previous
obstetric history.

Strict glycemic control can reduce fetal macrosomia in both GDM and pregesta-
tional diabetes. Target both postmeal and premeal glucose.

Tight intrapartum glucose control is important to reduce fetal oxidative stress and
neonatal hypoglycemia.

Women with pregestational diabetes may have reduced glycemic profiles and
insulin requirements postpartum, especially in breastfeeding women.

DIABETES AND PREGNANCY OUTCOME. Diabetes in pregnancy refers to preges-
tational diabetes (type 1 or type 2 diabetes) and gestational diabetes mellitus (GDM)
or glucose intolerance first recognized in pregnancy (Table 2.1). Women with all
forms of diabetes in pregnancy have higher rates of maternal and perinatal compli-
cations, particularly women with pregestational diabetes, compared to the general
population. Women with advanced microvascular disease, such as hypertension,
nephropathy, and retinopathy, have a 25% risk of preterm delivery or preeclampsia.
Improved management of diabetes mellitus and advances in obstetrics have reduced
the incidence of adverse maternal and perinatal outcomes in pregnancies complicated
by diabetes mellitus.
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Table 2.1. Nomenclature of the Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus

Class Description

Type 1 diabetes Autoimmune disorder with absolute insulin deficiency due to
B-cell destruction (idiopathic or immune)

Type 2 diabetes Due to insulin resistance with relative insulin deficiency (secretory
defect with insulin resistance)

Fasting plasma glucose >126 mg/dL*

Or

2-Hour postglucose >200 mg/dL during a 75-g OGTT*

Or

Hemoglobin A, >6.5%*

Or

Classic symptoms of hyperglycemia with random plasma glucose
>200 mg/dL*

GDM Two-step approach
® 2 step approach: Perform a standardized nonfasting 50-g glucose
challenge screening test with plasma glucose measured 1 hour
later
O If the value is <140 mg/dL, no further testing is required
O If the value of the glucose challenge screening test is 140 to
200 mg/dL, a 100-g, 3 hour GTT should be performed
® 1 step approach: Perform a 75-g GTT with plasma glucose
measurement when patient is fasting and at 1 and 2 hours, at 24
to 28 weeks. gestation in women not previously diagnosed with
overt diabetes
O The diagnosis of GDM is made when any of the following
plasma glucose values is met or exceeded:
O Fasting: 92 mg/dL
O 1 hour: 180 mg/dL
O 2 hours: 153 mg/dL
O Several other approaches to diagnose GDM are available

Other specific types | Genetic defects of p-cell function or insulin action, disease of
exocrine pancreas, abnormal endocrine functions, infections,
chemical or drug-induced and rare immune-mediated diabetes,
some genetic syndromes associated with diabetes

GDM, gestational diabetes mellitus; GT'T, glucose tolerance test; OGTT, oral glucose tolerance test.
*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing.

Il. DIABETES IN PREGNANCY

A. General principles

1. Pregestational diabetes is associated with adverse perinatal and maternal out-
comes. The most important complication is diabetic embryopathy resulting in
congenital anomalies. Congenital anomalies are associated with 50% of peri-
natal deaths among women with diabetes compared to 25% among women
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without diabetes. The risk of congenital anomalies is associated with glycemic
control at the time of conception. The most common types of anomalies in-
clude cardiac malformations and neural tube defects. Folic acid supplementa-
tion is recommended to reduce the risk of congenital malformations in women
with pregestational diabetes. Women with type 1 and type 2 diabetes are at
significantly increased risk for hypertensive disorders, such as preeclampsia,
which is potentially deleterious to both maternal and fetal well-being.

. Epidemiology of gestational diabetes. GDM affects 5% to 25% of preg-

nancies. Approximately 3% to 5% of the patients with GDM actually have
underlying type 1 or type 2 diabetes, but pregnancy is the first opportunity
for testing. Risk factors for GDM include advanced maternal age, multifetal
gestation, increased body mass index, and strong family history of diabetes.
Certain ethnic groups, such as Native Americans, Southeast Asians, and
African Americans, have an increased risk of developing GDM.

. Physiology unique to women with diabetes antedating pregnancy. In the

first half of pregnancy, as a result of nausea and vomiting, hypoglycemia
can be as much of a problem as hyperglycemia. Hypoglycemia, followed by
hyperglycemia from counter-regulatory hormones, may complicate glucose
control. Maternal hyperglycemia leads to fetal hyperglycemia and fetal hy-
perinsulinemia, which results in fetal overgrowth. There does not appear to
be a direct relationship between hypoglycemia alone and adverse perinatal
outcome. Throughout pregnancy, insulin requirements increase because of
the increasing production of placental hormones that antagonize the action
of insulin. This is most prominent in the mid-third trimester and requires
intensive blood glucose monitoring and frequent adjustment of medications
to control blood glucose.

B. Complications of type 1 and/or type 2 diabetes during pregnancy

1.

Diabetic ketoacidosis is a serious complication in women with type 1 diabe-
tes during pregnancy. It carries a 50% risk of fetal death, especially if it occurs
before the third trimester. Ketoacidosis can be present in the setting of even
mild hyperglycemia (200 mg/dL) and should be excluded in every patient
with type 1 diabetes who presents with hyperglycemia and symptoms such as
nausea, vomiting, or abdominal pain.

. Stillbirth occurs in women with diabetes in pregnancy more frequently than

in the general population. It is most often associated with poor glycemic
control, fetal anomalies, severe vasculopathy, and intrauterine growth restric-
tion (IUGR) as well as severe preeclampsia. Shoulder dystocia that cannot be
resolved can also result in fetal death.

. Polyhydramnios is not an uncommon finding in pregnancies complicated by

diabetes. It may be secondary to osmotic diuresis from fetal hyperglycemia.
Careful ultrasonographic examination is required to rule out structural anoma-
lies, such as esophageal atresia, as an etiology, when polyhydramnios is present.

. Severe maternal vasculopathy, especially nephropathy and hypertension, is

associated with uteroplacental insufficiency, which can result in [UGR, fetal
intolerance of labor, and neonatal complications.
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lll. MANAGEMENT OF DIABETES DURING PREGNANCY

A. General principles for type 1 or type 2 diabetes. For those with pregestational
diabetes, preconception care is paramount to appropriately counsel women about
risks, optimize glycemic control, advise regarding folic acid supplementation,
assess and manage any diabetes-related (e.g., microvascular and macrovascular)
complications and comorbidities, and discontinue any teratogenic medications
(e.g., angiotensin-converting enzyme [ACE] inhibitors or angiotensin receptor
blockers [ARBs]). Folic acid supplementation of 1 mg/day 3 months prior to
conception and continuing to at least 12 weeks into gestation is recommended to
reduce the risk of congenital malformations in women with pregestational diabe-
tes. Although higher doses of 5 mg/day are advised by academic bodies, such high
doses can aggravate vitamin B12 deficiency. Tight glucose control is important
during the periconceptional period and throughout pregnancy. Optimal glu-
cose control requires coordinated care between endocrinologists, maternal—fetal
medicine specialists, diabetes nurse educators, and nutritionists. Preconception
glycemic control has been shown to decrease the risk of congenital anomalies
to close to that of the general population. However, <30% of pregnancies are
planned. Physicians should discuss pregnancy planning or recommend reliable
contraception for all women with diabetes of childbearing age until glycemic
control is optimized.

B. General principles for GDM. Several approaches to diagnose GDM are used
with no consensus regarding the use of one-step versus two-step approach.
Commonly, most women are screened for GDM between 24 and 28 weeks’
gestation by a nonfasting 50-g, 1-hour glucose challenge. A positive screen is
followed by a diagnostic fasting 75-g, 2-hour oral glucose tolerance test (GTT).
A positive test is defined as one or more elevated values on the GTT (Table 2.1).
Uncontrolled GDM, as well as pregestational diabetes, can lead to fetal macroso-
mia and concomitant risk of fetal injury at delivery. GDM shares many features
with type 2 diabetes. Women diagnosed with GDM have 2.6% risk of type 2
diabetes at 6 weeks postpartum, this increases to 70% when followed up 28 years
postpartum! Hence, GDM mothers must be advised lifestyle modification for
type 2 diabetes.

1. Testing (first trimester) for type 1 and type 2 diabetes

a. Measurement of glycosylated hemoglobin in the first trimester can give
a risk assessment for congenital anomalies by reflecting ambient glucose
concentrations during the period of organogenesis.

b. Accurate dating of the pregnancy is obtained by ultrasonography.

c. Ophthalmologic examination is mandatory because retinopathy may
progress because of the rapid normalization of glucose concentration in
the first trimester. Women with retinopathy need periodic examinations
throughout pregnancy, and they are candidates for laser photocoagulation
as indicated.

d. Renal function is assessed by an albumin:creatinine ratio or a 24-hour
urine collection for protein excretion and creatinine clearance if the for-
mer is not available. Because the incidence of preeclampsia is significantly
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elevated in women with pregestational diabetes, identification of baseline
proteinuria can impact the diagnosis of preeclampsia later in pregnancy.
Serum creatinine should also be assessed in patients with pregestational
diabetes.

e. Thyroid function should be evaluated.

f. Nuchal translucency and serum screening for aneuploidy. Although dia-
betes in and of itself is not a risk factor for aneuploidy, this is part of routine
pregnancy care. Nuchal translucency assessment is particularly important
because an abnormal measurement is also associated with structural abnor-
malities, the risk of which is increased in this group of patients.

2. Testing (second trimester) for type 1 and type 2 diabetes

a. Maternal serum screening for neural tube defects is performed between
15 and 19 weeks’ gestation. Women with diabetes have a 10-fold increased
risk of neural tube defects compared to the general population.

b. All patients undergo a thorough ultrasonographic survey, including fetal
echocardiography for structural anomalies.

c. Women older than 35 years or with other risk factors for fetal aneuploidy
are offered noninvasive prenatal testing or karyotyping via chorionic
villus sampling or amniocentesis.

3. Testing (third trimester) for type 1 and type 2 diabetes

a. Ultrasonographic examinations are performed monthly through the third
trimester for fetal growth measurement.

b. Weekly or twice-weekly fetal surveillance using nonstress testing or
biophysical profiles is implemented between 28 and 32 weeks’ gestation,
depending on glycemic control and other complications.

C. Treatment for all types of glucose intolerance. Strict glucose control is
achieved with nutritional modification, exercise, and medications, with the tradi-
tional goals of fasting glucose concentration <95 mg/dL and postprandial values
<140 mg/dL for 1 hour and 120 mg/dL for 2 hours. Recent data have suggested
that in pregnant women, euglycemia may be even lower, with fasting glucose
levels in the 60-mg/dL range and postmeal glucose levels <105 mg/dL. Insulin
therapy has the longest record of accomplishment of perinatal safety. It has been
demonstrated that human insulin analogs do not cross the placenta. More re-
cently, oral hypoglycemic agents for the management of GDM, such as glyburide
and metformin which do have placental crossover, have been shown to be safe
and effective when compared to insulin, or in combination with insulin, but as
long-term follow up data are still pending, they should not be used as first line.

IV. MANAGEMENT OF LABOR AND DELIVERY FOR WOMEN WITH DIABETES

A. General principles. The risks of spontaneous preterm labor (adjusted odds ratio
[aOR] 11.2; 95% confidence interval [CI] 10.5 to 11.95), having an offspring
large for gestational age (LGA) (aOR 43.8; 95% CI 40.9 to 46.9) and birth
trauma are markedly increased in patients with diabetes; additionally, the risk of
iatrogenic preterm delivery has been increased for patients with microvascular
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disease as a result of IUGR, nonreassuring fetal testing, maternal obesity, and
maternal hypertension. Among spontaneous deliveries, the risk of moderately
preterm births was high; in insulin-treated diabetes the risk for extremely preterm
births was also increased. The recent meta-analysis also suggests that maternal
diabetes mellitus including GDM and pre-GDM is associated with an increased
risk of neonatal respiratory distress syndrome (OR 1.47; 95% CI 1.2 to 1.7).
Antenatal corticosteroids for induction of fetal lung maturity (FLM) should be
employed for the usual obstetric indications. Corticosteroids can cause tempo-
rary hyperglycemia; therefore, patients may need to be managed with continu-
ous intravenous (IV) insulin infusions until the effect of the steroids wears off.
Delivery is planned for 39 to 40 weeks, unless other pregnancy complications
dictate earlier delivery. Elective delivery after 39 weeks does not require FLM
testing. Indicated delivery before 39 weeks’ gestation should be carried out with-
out FLM testing. Route of delivery is determined by ultrasonography-estimated
fetal weight, maternal and fetal conditions, and previous obstetric history. The
ultrasonography-estimated weight at which an elective cesarean delivery is recom-
mended is a controversial issue, with the American College of Obstetricians and
Gynecologists recommending discussion of cesarean delivery at an estimated fetal
weight of >4,500 g due to the increased risk of shoulder dystocia.

Treatment. Blood glucose concentration is tightly controlled during labor and
delivery. If an induction of labor is planned, patients are instructed to take one-
half of their usual basal insulin on the morning of induction. During spontaneous
or induced labor, blood glucose concentration is measured every 1 to 2 hours.
Centers vary in intrapartum management, but often an infusion of IV short-act-
ing insulin is preferred. IV insulin is very short acting, allowing for quick response
to changes in glucose concentration. Active labor may also be associated with
hypoglycemia because the contracting uterus uses circulating metabolic fuels.
Continuous fetal monitoring is mandatory during labor. Cesarean delivery is
performed for obstetric indications. The risk of a cesarean section for obstetric
complications is approximately 50%. Patients with advanced microvascular
disease are at an increased risk for a cesarean delivery because of the increased
incidence of IUGR, preeclampsia, and nonreassuring fetal status. A history of
retinopathy that has been treated in the past is not necessarily an indication for a
cesarean delivery. Patients with active proliferative retinopathy that is unstable or
active hemorrhage may benefit from an elective cesarean delivery. Postpartum,
patients with pre-existing diabetes (type 1 or type 2 diabetes) are at an increased
risk for hypoglycemia, especially in the postoperative setting with minimal oral
intake. Insulin doses should be decreased immediately after delivery below
prepregnant doses and titrated as needed to achieve optimal glycemic control.
Women with pre-existing diabetes are prone to have hypoglycemia; therefore,
they should have frequent blood glucose monitoring in the initial days after de-
livery. Women with type 1 diabetes should be screened for postpartum thyroiditis
with a thyroid-stimulating hormone (TSH) test at 2 to 4 months postpartum.
Patients with pregestational diabetes may also experience a “honeymoon” period
immediately after delivery, with greatly reduced insulin requirements that can last
up to several days. Lactation is also associated with significant glucose utilization
and potential hypoglycemia especially in the immediate postpartum period. For
women with type 2 diabetes, the use of metformin and glyburide is compatible
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with breastfeeding. Patients with GDM should receive counseling regarding
healthy behavior interventions to reduce the recurrence rate in subsequent preg-
nancies and reduce their increased risk of type 2 diabetes. In GDM patients,
metformin can be used in conjunction with behavior interventions to prevent/
delay the onset of diabetes.
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Preeclampsia and
Related Conditions

Bahaeddine Sibai and Cristina Wallace

KEY POINTS

Hypertensive disorders in pregnancy are a major cause of maternal morbidity and
mortality, accounting for 15% to 20% of maternal deaths worldwide.

The definitive treatment for preeclampsia is delivery. However, the severity of
disease, dilatation/effacement of the maternal cervix, gestational age at diagnosis,
and pulmonary maturity of the fetus all influence obstetric management.

Because of the risks of rapid deterioration, patients with preeclampsia with severe
features should be hospitalized after diagnosis at a center with adequate maternal and
neonatal resources as well as readily available staff to provide close monitoring and care.

Elevated blood pressure during pregnancy is associated with an increased risk of
developing cardiovascular disease, chronic kidney disease, and diabetes mellitus
later in life.

Hypertension in pregnancy adds significantly to neonatal morbidity and mortality
by increasing the risk of intrauterine growth restriction, preterm delivery, and peri-
natal asphyxia.

. CATEGORIES OF PREGNANCY-ASSOCIATED HYPERTENSIVE DISORDERS

A. Chronic hypertension. Hypertension preceding pregnancy or first diagnosed
before 20 weeks™ gestation

B. Chronic hypertension with superimposed preeclampsia. Worsening hyper-
tension and new-onset proteinuria, in addition to possible concurrent thrombo-
cytopenia, or transaminase derangements after the 20th week of pregnancy in a
woman with known chronic hypertension. It can be further subdivided into with
or without severe features.

C. Gestational hypertension. Hypertension without proteinuria and without
symptoms or abnormal laboratory tests after 20 weeks™ gestation.

D. Preeclampsia. Blood pressures >140 mm Hg systolic or >90 mm Hg diastolic
on at least two occasions 4 hours apart with proteinuria after 20 weeks’ gesta-
tion in a previously normotensive women. In 2013, the American College of
Obstetricians and Gynecologists (ACOG) removed proteinuria as an essential
criterion for the diagnosis of preeclampsia.

Thereafter, hypertension plus any one sign of significant end-organ dysfunc-
tion is also sufficient for making a diagnosis of preeclampsia in the absence of
proteinuria and these signs are as follows:

1. Platelet count <100,000/pL
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2. Serum creatinine >1.1 mg/dL or doubling of the creatinine concentration in
the absence of other renal disease

3. Liver transaminases at least twice the upper limit of the normal concentrations
for the local laboratory

4. Pulmonary edema

5. New-onset and persistent headache not accounted for by alternative diagnoses
and not responding to usual doses of analgesics

6. Visual symptoms (e.g., blurred vision, flashing lights or sparks, scotomata)

Preeclampsia can be further subdivided into with (“preeclampsia with severe
features”) or without severe features (see section III).

E. Eclampsia. Generalized tonic—clonic seizure activity in a pregnant woman with
no prior history of a seizure disorder

F. Hemolysis, elevated liver enzymes, and low platelet syndrome. Clinical find-
ings consistent with hemolysis, elevated liver function tests, and thrombocytopenia

. INCIDENCE AND EPIDEMIOLOGY. Gestational hypertension complicates 6%

to 17% of healthy nulliparous and 2% to 4% of multiparous women. Overall,
hypertensive disorders in pregnancy are a major cause of maternal morbidity and
mortality, accounting for 15% to 20% of maternal deaths worldwide. In the United
States, hypertensive disorders are the second leading cause of maternal mortality after
thrombotic/hemorrhagic complications. Beyond 20 weeks’ gestation, preeclampsia
complicates 5% to 8% of pregnancies, and preeclampsia with severe features compli-
cates <1% of pregnancies. Eclampsia itself is much less frequent, occurring in 0.1%
of pregnancies. Several risk factors have been identified, as outlined in Table 3.1.
Preeclampsia has been called the “disease of theories,” and many etiologies have
been proposed. What is clear, however, is that it is a condition of dysfunction within
the maternal endothelium. Increased levels of the soluble receptors soluble fms-like
tyrosine kinase-1 (sFL7'1) and endoglin within the maternal circulation for vascular
endothelial growth factor (VEGF) and transforming growth factor-p (TGF-), re-
spectively, may be associated with preeclamptic pathology. Higher circulating levels
of these soluble receptors reduce the bioavailable levels of VEGE placental growth
factor (PIGF), and TGF-p, resulting in endothelial dysfunction within the maternal
circulatory system. This dysfunction can manifest as both increased arterial tone
(hypertension) and increased capillary leak (edema/proteinuria/pulmonary conges-
tion). It is unclear what insult prompts the initial increase in sFLT'1 and endoglin in
some women versus in others. One suggestion has been that abnormal trophoblastic
invasion of both the maternal decidual arteries with an accompanying abnormal ma-
ternal immune response is at the root of this condition. This abnormal placentation
is believed to lead to a reduction in placental perfusion and relative placental ischemia.
However, the exact cause of excess production of these antiangiogenic proteins still re-
mains unclear. Interestingly, the levels of sSFLT'1 and endoglin begin to rise in the second
trimester months before preeclampsia is clinically evident, thus providing an oppor-
tunity to predict the risk of developing preeclampsia in the near future. The National
Institute of Clinical Excellence (NICE) guidelines recommend PIGF-based testing in
patients with chronic hypertension to predict the development of preeclampsia.
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Table 3.1. Risk Factors for Hypertensive Disorders

Nulliparity

Age >40 years

Obesity

Preeclampsia in previous pregnancy

Family history of preeclampsia

Preexisting chronic hypertension

Chronic renal disease

History of thrombophilia

Diabetes (type 1 or type 2)

Multifetal pregnancy

Systemic lupus erythematosus

In vitro fertilization

Molar pregnancy

Fetal hydrops

Source: From the American College of Obstetricians and Gynecologists. Hypertension in pregnancy.
http://www.acog.org/Resources-And-Publications/ Task-Force-and-Work-Group-Reports/Hyperten-
sion-in-Pregnancy. Accessed May 28, 2016; and Moussa H, Arian S, Sibai B. Management of hyper-
tensive disorders in pregnancy. Womens Health (Lond) 2014;10(4):385-404.

lll. DIAGNOSIS. The classic presentation which defines preeclampsia is hypertension
and proteinuria after 20 weeks’ gestation. Some patients will also have nondependent
edema, but this is no longer a part of the diagnostic criteria for preeclampsia. The
clinical spectrum of preeclampsia ranges from mild to severe. Most patients have a
nonsevere form of the disease that develops late in the third trimester.

A. Criteria for the diagnosis of preeclampsia without severe features

1. Hypertension defined as a blood pressure elevation to 140 mm Hg sys-
tolic or 90 mm Hg diastolic over two measurements at least 4 hours apart.
Measurements should be taken in the sitting position at the level of the heart,
and the proper cuff size needs to be ensured.

2. Proteinuria defined as at least 300 mg of protein in a 24-hour period or pro-
tein to creatinine ratio >0.3 mg/mg or urine dipstick reading >1+ (used only
if other quantitative methods are not available).

B. Criteria for the diagnosis of preeclampsia with severe features. Of note, you do
not need every criteria listed here to make a diagnosis.

1. Blood pressure >160 mm Hg systolic or >110 mm Hg diastolic with the di-
agnostic readings taken twice at least 4 hours apart or severe hypertension can
be verified within minutes to aid in administering antihypertensive therapy.

2. Symptoms suggestive of end-organ dysfunction. New visual disturbances
such as scotomata, diplopia, blindness, or persistent severe headache. Other
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symptoms such as severe persistent right upper quadrant pain or severe epigas-
tric pain not responsive to medications and not attributed to another medical
cause are suggestive of preeclampsia with severe features.

3. Pulmonary edema

4. Renal insufficiency is defined as serum creatinine >1.1 mg/dL or doubling
of the serum creatinine concentration in the absence of other renal disease.

5. Thrombocytopenia is defined as a platelet count of <100,000/pL.
6

Hepatocellular dysfunction. Elevated transaminases (to twice the upper limit
of normal concentration)

. HELLP syndrome stands for hemolysis, elevated liver enzymes, and low plate-

lets. It represents an alternative presentation of preeclampsia and reflects systemic
end-organ damage. HELLP syndrome may appear without either hypertension
or proteinuria.

COMPLICATIONS. Complications of preeclampsia result in a maternal mortality rate
of 3 per 100,000 live births in the United States. Maternal morbidity may include
central nervous system complications (e.g., seizures, intracerebral hemorrhage, and
blindness), disseminated intravascular coagulation (DIC), hepatic failure or rupture,
pulmonary edema, and abruptio placentae leading to maternal hemorrhage and/or
acute renal failure. Fetal mortality markedly increases with increase in the severity of
preeclampsia. Fetal morbidity may include intrauterine fetal growth restriction, fetal
acidemia, and complications from prematurity.

CONSIDERATIONS IN MANAGEMENT

A.

=

©

The definitive treatment for preeclampsia is delivery. However, the severity
of the disease, gestational age, and expected pulmonary maturity of the fetus
influence the obstetric management. Delivery is usually indicated if there is fetal
indication (category 3 fetal heart tracing) in a viable fetus or if the maternal status
becomes unstable regardless of the gestational age.

Delivery should be considered for all patients at >37 weeks with any degree of
gestational hypertension or preeclampsia.

. Pregnancies may continue for patients with preterm gestation and preeclampsia

without severe features/gestational hypertension, with close observation until
37 weeks’ gestation or some other ominous development such as the progression
to preeclampsia with severe features, fetal distress, or maternal instability.

If the patient has preeclampsia with severe features, treatment varies based
on the severity of the patient’s disease and the gestational age. If the patient
is >34 weeks, the recommendation by the ACOG is delivery. Prior to 34 weeks,
three management options include delivery immediately, betamethasone and
then delivery, and expectant management. The timing of delivery is discussed in
further detail in section VIL.

. Expectant management. Monitoring includes daily maternalfetal testing,

routine vital signs, and monitoring for symptoms of preeclampsia. Patients may
even be given oral antihypertensive drugs to bring their blood pressure down.
Women with uncontrolled hypertension despite maximum doses of antihypertensive
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medications, thrombocytopenia, hepatocellular dysfunction, pulmonary edema,
compromised renal function, or persistent headache or visual changes and with
previable fetus or fetal compromise are not candidates for expectant management.

F. The mode of delivery does not need to be a cesarean section. A number of
factors have to be assessed including the fetal position, maternal status, gesta-
tional age, cervical status, and fetal condition. At earlier gestational ages, a trial of
labor induction is not contraindicated in patients with preeclampsia with severe
features; however, the success rate is low. The managing team must balance the
risks of progression of the disease against the time required to induce labor.

VI. CLINICAL MANAGEMENT OF PREECLAMPSIA WITHOUT SEVERE FEATURES

A. Antepartum management. Conservative management of preeclampsia without
severe features generally consists of daily assessment of the maternal symptoms
and fetal movement by the women, biweekly blood pressure checks, and weekly
assessment of platelet counts and liver enzymes. It is recommended that strict bed
rest and salt restriction not be prescribed in these women.

1. Fetal evaluation

a. An initial ultrasound should be performed at the time of diagnosis to rule
out intrauterine fetal growth restriction and/or oligohydramnios. A non-
stress test (NST) or biophysical profile may also be performed as indicated.

b. Ultrasonography every 3 to 4 weeks for growth is recommended. Twice-
weekly NSTs with amniotic fluid index measurements are recommended.
The frequency of these tests can be changed based on the findings noted
during the evaluations.

c. Any change in maternal status should prompt evaluation of the fetal status.

d. Fetal indications for delivery include nonreassuring fetal testing. If severe
growth restriction and/or oligohydramnios is noted, then further assess-
ment of the fetus is recommended with umbilical artery Doppler studies.

2. Maternal evaluation

a. Women should be evaluated for signs and symptoms of preeclampsia
with severe features.

b. Initial laboratory evaluation includes platelet count, transaminases,
hemoglobin/hematocrit, creatinine, and urine protein-to-creatinine ratio.

[e]

. If criteria for preeclampsia with severe features are not met, laboratory
studies should be performed at weekly intervals to assess for worsening disease.

d. Maternal indications for delivery include a gestational age >37 weeks;
thrombocytopenia (<100,000); progressive deterioration in hepatic or
renal function; placental abruption; and persistent severe headaches, visual
changes, or epigastric pain.

e. Antihypertensive agents are not routinely given because they have not
been shown to improve the outcome in cases of preeclampsia without
severe features. However, whenever used, the aim should be to target
blood pressure 135/85 mm Hg or less. Use of antihypertensive agents is
reserved for severe hypertension, so as to reduce maternal cerebrovascular
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accidents. We should not aim to reduce BP drastically as it will reduce
uterine blood flow.

f. When early delivery is indicated, it is our practice that vaginal delivery is
preferred. Cesarean delivery should be reserved for cases with nonreassuring
fetal testing, when further fetal evaluation is not possible, or when a rap-
idly deteriorating maternal condition mandates expeditious delivery (e.g.,
HELLP syndrome with decreasing platelet counts, abruption).

g. Antenatal steroid (<34 weeks) and intravenous (IV) magnesium sulfate

for neuroprotection (<32 weeks) should be offered, if indicated, in case
of preterm delivery to improve the neonatal outcome.

B. Intrapartum management of preeclampsia

1.

Magnesium sulfate is not routinely recommended for women with pre-
eclampsia without severe features or gestational hypertension unless symptoms
of worsening disease are noted such as systolic blood pressure >160 mm Hg,
diastolic blood pressure >110 mm Hg, or maternal symptoms noted.

2. Antihypertensive therapy is not recommended unless the systolic blood pres-

3.

b

b

sure is >160 mm Hg or the diastolic blood pressure is >110 mm Hg.

Continuous electronic fetal monitoring is reccommended given the potential
for placental dysfunction in the preeclamptic setting. Monitoring should be
established during the initial evaluation, induction of labor, and labor itself.
Continuous monitoring is not recommended during intervals of prolonged
expectant management. Patterns that suggest fetal compromise include per-
sistent tachycardia, minimal or absent fetal heart rate variability, and recurrent
variable or late decelerations not responsive to standard resuscitative measures.

Patients may be safely administered epidural anesthesia if the platelet count
is >70,000 and there is no evidence of DIC. Consideration should be given
for early epidural catheter placement when the platelet count is reasonable and
there is concern that it is decreasing. Any anesthesia should be administered by
propetly trained personnel experienced in the care of women with preeclamp-
sia given the hemodynamic changes associated with the condition. Adequate
preload should be ensured to minimize the risk of hypotension.

Invasive central monitoring of the mother is rarely indicated, even in the
setting of preeclampsia with severe features.

. Postpartum management. The mother’s condition may worsen immediately

after delivery. However, signs and symptoms usually begin to resolve within
24 to 48 hours postpartum, and in most women, they usually resolve within 1 or
2 weeks. Promote breastfeeding and reassure that antihypertensive medications
do not prevent them from breastfeeding.

VIl. MANAGEMENT OF PREECLAMPSIA WITH SEVERE FEATURES (Fig. 3.1)

1.

A. Timing of delivery. If <23 weeks’ or >34 weeks’ gestation, delivery is indicated.

Prior to 34 weeks, expectant management can be attempted unless there is
evidence of eclampsia, pulmonary edema, DIC, uncontrollable severe hyper-
tension, nonviable fetus, abnormal fetal test results, placental abruption, or
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Preeclampsia with severe features >23 or <34 Weeks

l No contraindication

Offer continued expectant management.
* Inpatient only; D/C MgSO, after 12 to 24 hours.

* Daily maternal/fetal testing, symptoms, BP, lab tests

|

Are there additional complications?
* Persistent symptoms
* HELLP/partial HELLP syndrome
FGR fifth percentile +
oligohydramnios
REDF (umbilical artery)
* Labor/PROM, 33%7 to 33%7

Yes | No
v v
Deliver 24 to 32 weeks
after Expectant Rx
48 hours Deliver at 34%7

Figure 3.1. Management of preterm preeclampsia with severe features. BP, blood pressure; D/C, dis-
continue; FGR, fetal growth restriction; HELLP, hemolysis, eclevated liver enzymes, and low platelets;
MgSO,, magnesium sulfate; PROM, premature rupture of membrane; REDF, reversed end-diastolic flow;
Rx, reaction.

intrapartum fetal demise. In those situations, the goal is to stabilize the mother
and then deliver. If the patient has evidence of persistent symptoms, HELLD,
partial HELLD, fetal growth restriction with severe oligohydramnios (largest
vertical pocket <1 cm) or reversed end-diastolic flow on umbilical artery
Doppler studies, labor, or significant renal dysfunction, the goal is to adminis-
ter betamethasone for fetal lung maturity and plan on delivery after 48 hours.
If the patient does not meet any of the criteria for delivery, expectant man-
agement is recommended until 34 weeks or delivery can be performed sooner
if the patient develops evidence of worsening disease. Two randomized trials
performed in the United States compared immediate delivery with expectant
management in mothers with preeclampsia with severe features. These trials
showed that expectant management led to prolongation of pregnancy by about
7 days with a significant reduction in total neonatal complications from 75%
to 33%. The disadvantage of expectant management is that preeclampsia with
severe features can lead to acute and long-term complications for the patient
including the progressive deterioration of the maternal and fetal condition.

2. Because of the risks of rapid deterioration, patients with preeclampsia with
severe features should be hospitalized after diagnosis at a center with adequate
maternal and neonatal resources as well as readily available staff to provide
close monitoring and care.

B. Intrapartum management. Magnesium sulfate (4 to 6 g loading dose followed
by 1 to 2 g/h infusion for 24 to 48 hours after postpartum) is used as seizure
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prophylaxis. It is started when the decision to proceed with delivery is made and
is continued for at least 24 hours postpartum. Magnesium sulfate has been shown
to be the agent of choice for seizure prophylaxis in randomized double-blind
comparisons against both placebo and conventional antiepileptics. In patients
with myasthenia gravis or hypocalcemia, magnesium sulfate is contraindicated
and should not be given. Because magnesium sulfate is excreted from the kidneys,
urine output should be carefully monitored. Signs and symptoms of maternal
toxicity include loss of deep tendon reflexes, somnolence, respiratory depression,
cardiac arrhythmia, and, in extreme cases, cardiovascular collapse.

1. Careful monitoring of fluid balance is critical because preeclampsia is asso-
ciated with endothelial dysfunction leading to decreased intravascular volume,
pulmonary edema, and oliguria. A serum magnesium level should be consid-
ered if reduced renal function is suspected while magnesium sulfate is being
administered. In addition, if the patient has evidence of reduced kidney func-
tion, that is, serum creatinine >1.1 mg/dL, magnesium sulfate maintenance
dose can be started at 1 g/hour after the initial bolus. If the patient’s creatinine
is >2.5 mg/dL, a maintenance dose may not be necessary.

N

Continuous fetal heart rate monitoring is recommended. Reduced fetal
heart rate variability may also result from maternal administration of magne-
sium sulfate.

b

Severe hypertension may be controlled with agents including IV hydralazine,
IV labetalol, or oral nifedipine. Sodium nitroprusside should be avoided be-
fore delivery because of potential fetal cyanide toxicity. It is important to avoid
large or abrupt reductions in blood pressure because decreased intravascular
volume and poor uteroplacental perfusion can lead to acute placental insuffi-
ciency and a resulting loss of reassurance regarding fetal well-being.

4. Blood pressure needs to be monitored every 15 to 30 minutes during labor
undil it is less than 160/110 mm Hg,.

C. Postpartum management. Because postpartum eclamptic seizures generally
occur within the first 48 hours and usually within the first 24 hours after delivery,
magnesium sulfate prophylaxis is continued for at least 24 hours. Close monitor-
ing of fluid balance is continued. While on magnesium sulfate, the patient’s blood
pressure, urine output, lung evaluation, and deep tendon reflexes are monitored
closely for evidence of magnesium sulfate toxicity.

1. Hypertension >150 mm Hg systolic or 100 mm Hg diastolic on at least two oc-
casions 4 to 6 hours apart needs to be treated in the postpartum period with an-
tihypertensive therapy. Some patients, though sufficiently stable for discharge,
may require antihypertensive medications for up to 8 weeks after delivery.

N

Typically, blood pressures tend to decrease within the first 48 hours after deliv-
ery and increase 3 to 6 days later. It is recommended to monitor the patient’s
blood pressure closely for 72 hours after delivery, preferably in the hospital,
and then to have the patient return to clinic 7 to 10 days after delivery again
to reassess blood pressure. If the patient develops symptoms of preeclampsia
in the interim, he or she should be assessed again sooner.
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3. Nonsteroidal anti-inflammatory agents generally should be avoided in the
postpartum period in patients with severe hypertension and in those with
superimposed preeclampsia. These medications can increase blood pressure
and increase sodium retention.

VIil. MANAGEMENT OF ECLAMPSIA

A.

Approximately half of eclamptic seizures occur before delivery, 20% occur during
delivery, and another 30% occur in the postpartum period. Although there is no
clear constellation of symptoms that will accurately predict which patients will
have an eclamptic seizure, headache is a frequently reported heralding symptom,
but most preeclamptic women with headaches do not develop seizures.

Basic principles of maternal resuscitation should be followed in the initial man-
agement of an eclamptic seizure: airway protection, oxygen supplementation, left
lateral displacement to prevent uterine compression of the vena cava, IV access,
and blood pressure control.

Magnesium sulfate should be initiated for the prevention of recurrent seizures.
Ten percent of women with eclamptic seizures will have a recurrent seizure after
initiation of magnesium sulfate.

A transient fetal bradycardia is usually seen during the seizure followed by a
transient fetal tachycardia with loss of variability. Ideally, the fetus should be
resuscitated (stabilized before delivery) in utero.

Eclampsia is an indication for delivery but not necessarily an indication for cesar-
ean delivery. No intervention should be initiated until maternal stability is ensured
and the seizure is over. Because of the risk of DIC, coagulation parameters should
be assessed, and appropriate blood products should be available if necessary.

A neurologic exam should be performed once the patient recovers from the sei-
zure. If the seizure is atypical or any neurologic deficit persists, brain imaging is
indicated.

If a patient has recurrent seizures while on magnesium sulfate, a reloading dose of
2 g of magnesium sulfate can be given one or two times. If seizures persist after
two additional boluses of magnesium sulfate, consideration should be given to
adding IV lorazepam.

RECURRENCE RISK. Patients who have a history of preeclampsia are at an increased
risk for hypertensive disease in a subsequent pregnancy. Recurrence risk is as high
as 40% in women with preeclampsia before 32 weeks of gestation, as opposed to
10% or less in women with preeclampsia near term. Severe disease and eclampsia
are also associated with recurrence. The recurrence rate for HELLP syndrome is
approximately 5%.

RISK OF CHRONIC HYPERTENSION. Elevated blood pressure during pregnancy,
regardless of type and even without known risk factors, can be indicative of a high
risk of cardiovascular disease, chronic kidney disease, and diabetes mellitus later in
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XI.

XIL.

Xlil.

life. In addition, women with recurrent preeclampsia, women with early onset pre-
eclampsia, and multiparas with a diagnosis of preeclampsia (even if not recurrent)
may be at an even higher risk than those with just gestational hypertension. Given
this high risk of future morbidity, the ACOG Task Force on Hypertension in
Pregnancy recommends that women with a history of preeclampsia delivered prior
to 37 weeks or who have had recurrent preeclampsia be screened annually for blood
pressure, lipids, fasting blood glucose, and body mass index.

INNOVATIONS AND PROPOSED TREATMENTS

A. Several analytic assays based on sFLT1 and PIGF protein levels and soluble endog-
lin early in the second trimester are currently under evaluation. The ultimate clini-
cal utility of these analytes has yet to be determined. Some newer studies show that
these biomarkers in combination with uterine artery Dopplers may be predictive of
early onset preeclampsia. In addition, randomized trials are ongoing to evaluate sev-
eral modalities to decrease the need for preterm birth for maternal/fetal indications.

B. Low-dose aspirin is recommended for women at risk of developing preeclamp-
sia later during the third trimester. The ACOG recommends a dose of 81 mg/
day of aspirin (the NICE recommends 75-150 mg/day) for patients with single
“high-risk” factor or two or more “moderate-risk” factors (Table 3.2). It should
be started after 12 weeks of gestation, preferably before 16 weeks, and needs to
be continued throughout the pregnancy till delivery.

C. Antenatal calcium supplementation did not show any benefit when given to
healthy nulliparous women.

D. Antioxidant therapy (vitamin E) supplementation during pregnancy was found to
be associated with an increased risk of adverse outcome compared with placebo.

EFFECTS OF MEDICATIONS USED ANTEPARTUM OR INTRAPARTUM ON
THE FETUS

A. Short-term sequelae of hypermagnesemia, such as hypotonia and respiratory
depression, are sometimes seen.

B. Antihypertensive medications are safe for the fetus and are not contraindica-
tions to breastfeeding.

C. Low-dose aspirin therapy does not increase the incidence coagulation problems
or persistent pulmonary hypertension.

EFFECTS OF PREECLAMPSIA ON THE NEWBORN. Infants born to mothers with
preeclampsia may show evidence of intrauterine growth restriction (IUGR) (hypo-
glycemia, polycythemia) and are frequently delivered prematurely. They may tolerate
labor poorly and therefore require resuscitation. Some infants born to mothers with
early onset preeclampsia have decreased platelet counts at birth, but the counts
generally increase rapidly to normal levels. Approximately 40% to 50% of newborns
have neutropenia that generally resolves before 3 days of age. These infants may be
at an increased risk for neonatal infection.
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Table 3.2. Clinical Risk Factors and Aspirin Use*

Level of Risk | Risk Factors Recommendation
High' ® History of preeclampsia, especially when Recommend low-
accompanied by an adverse outcome dose aspirin if the
= Multifetal gestation patient has one or
® Chronic hypertension more of these high-
® Type 1 or 2 diabetes risk factors

m Renal disease
® Autoimmune disease (i.c., systemic lupus
erythematosus, antiphospholipid syndrome)

Moderate* = Nulliparity Consider low-dose as-
® Obesity (body mass index greater than 30) pirin if the patient
® Family history of preeclampsia (mother or sister) has more than one
® Sociodemographic characteristics (African of these moder-

American race, low socioeconomic status) ate-risk factors®

m Age 35 years or older

® Personal history factors (e.g., low birth
weight or small for gestational age, previous
adverse pregnancy outcome, more than
10-year pregnancy interval)

Low ® Previous uncomplicated full-term delivery Do not recommend
low-dose aspirin

*Includes only risk factors that can be obtained from the patient’s medical history. Clinical measures,
such as uterine artery Doppler ultrasonography, are not included.

TSingle risk factors that are consistently associated with the greatest risk of preeclampsia. The pre-
eclampsia incidence rate would be approximately 8% or more in a pregnant woman with one or more
of these risk factors.

A combination of multiple moderate-risk factors may be used by clinicians to identify women at a high
risk of preeclampsia. These risk factors are independently associated with a moderate risk of preeclamp-
sia, some more consistently than the others.

SModerate-risk factors vary in their association with an increased risk of preeclampsia.

Adopted from American College of Obstetricians and Gynecologists Committee on Practice Bul-
letins—Obstetrics. Gestational hypertension and preeclampsia: ACOG practice bulletin, number

222. Obster Gynecol 2020;135:€237-€260.
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Resuscitation in the
Delivery Room

Steven A. Ringer

KEY POINTS

Most (85%) term born babies will need no help at birth; 10% will breath after stim-
ulation and drying, 5% may need positive-pressure ventilation, 2% may get intu-
bated, 0.1% may need cardiac compressions, and 0.05% need epinephrine.

Preparing for resuscitation includes anticipation, team briefing, and equipment
checking.

Delay cord clamping for 30 to 60 seconds, if the baby needs no resuscitation.

Babies who make a normal transition at birth must not be separated from the
mother: Keep warm with skin-to-skin contact and allow breastfeeding.

Babies in primary apnea respond to initial steps: Provide warmth, open the airway
(position and suction if necessary), dry, and stimulate.

Babies with good tone and breathing effort may be started on oxygen if saturations
persist below target; persistent cyanosis/respiratory distress may be treated with
continuous positive airway pressure (CPAP).

Positive-pressure ventilation (PPV) is the key to neonatal resuscitation.
PPV may be required by 4% to 10% of term/late preterm babies.
Improvement in heart rate is the best measure of effective PPV.

If chest rise is poor, adjust mask and suction, increase pressure, and consider alter-
nate airway.

If the heart rate is <60 bpm despite effective PPV, start chest compression (CC). If the
heart rate is <60 bpm despite effective PPV and CC for 60 seconds, give epinephrine IV.

Preterm babies <32 weeks may be received in a plastic sheet/bag.

No routine suction of airway is required in meconium-stained liquor; intubation for
suction is not necessary for even nonvigorous babies.

Resuscitation may not be initiated in babies unlikely to survive: Accurate regional
information must guide the parents; if not sure, initiate full standard resuscitation.

If no spontaneous circulation (heartbeat) is present at 10 to 20 minutes after effec-
tive resuscitation and excluding reversible factors, resuscitation may be stopped.

GENERAL PRINCIPLES. Among babies born at term:
® 85% will initiate breathing within 10 to 30 seconds of birth.
® 10% will breathe in response to stimulation and drying.

= 5% will require positive-pressure ventilation (PPV).
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m 2% will require intubation.
= 0.1% will require cardiac compressions.

= 0.05% will require epinephrine.

A person skilled in basic neonatal resuscitation, whose primary responsibility is the
newly born baby, should be present at every birth.

Some babies with no recognized perinatal risk factors may need resuscitation at
birth. Delivery of all high-risk infants should be attended by a team which possesses
the skills required to perform a complete resuscitation.

The highest standard of care requires the following: (i) knowledge of resuscitation
protocol, (ii) mastery of the technical skills required, and (iii) a clear understanding
of the roles of other team members and coordination among team members.

Completion of the Newborn Resuscitation Program (NRP) by every caregiver
(pediatrician, obstetrician, resident doctors, nurses, and paramedics) helps ensure a
consistent approach to resuscitations and team-based training.

The guidelines on resuscitation at birth are guiding principles for teaching and
effective teamwork. They may be adapted according to resources, for example, Indian
guidelines, NRP India, by National Neonatology forum of India. The Navjaat
Shishu Suraksha Karyakram (NSSK) for health care workers is further simplified
and asks only one question for assessment at birth and thereafter - assess breathing.
Self-inflating bag is preferred as it is not dependent on oxygen availability; high-cost
and complex technology such as signal extraction technology (SET) pulse oximeters,
ECG, blender, and CO, detector are not recommended.

. RESUSCITATION PHYSIOLOGY—TRANSITION FROM FETUS TO NEONATE. 7»

utero (before birth), the lungs have no role in gas exchange (breathing) and are fluid
filled; oxygen and carbon dioxide of the fetus are managed by the placenta. At birth,
the placenta is separated from the baby (the umbilical cord is clamped/cut) and the
responsibility of gas exchange must be immediately transferred to the baby’s lungs.
The baby must start and sustain effective breathing immediately after the umbilical
cord is clamped.

The placenta may have been failing in function and ineffective respiration may be
associated with fetal hypoxia, hypercarbia, and acidosis. The longer the compromise,
the more likely the breathing efforts at birth would be poor, cardiac function of the
fetus may be compromised, and tone may be affected in late stages.

Resuscitation efforts, when needed, must help the newborn to successfully make
the physiologic respiratory and circulatory transitions at birth:

» The /ungs expand (fluid is replaced by air), effective breathing (gas exchange) is
established, and hypoxia and hypercarbia do not happen.

® Pulmonary vascular resistance falls and perfusion of alveoli is established, allowing
gases to be exchanged with alveolar air.

® The right-to-left circulatory shunts terminate.

The partial pressure of oxygen (PO,) in both the alveoli and the accompanying
pulmonary circulation rapidly increases from the fetal level of approximately 25 mm
Hg to values of 50 to 70 mm Hg. This is associated with (i) decrease in pulmonary
vascular resistance, (ii) decrease in right-to-left shunting through the ductus arteri-
osus, (iii) increase in venous return to the left atrium, (iv) rise in left atrial pressure,



Assessment and Treatment in the Immediate Postnatal Period | 49

and (v) cessation of right-to-left shunt through the foramen ovale. Adequate systemic
arterial oxygenation and carbon dioxide elimination result from perfusion of well-ex-
panded, well-ventilated lungs and adequate systemic circulation.

Fetuses initially respond to brief hypoxia by irregular respirations and apnea—
primary apnea. Rapid recovery from this state is generally accomplished with gentle
stimulation and PPV (breathing), if necessary. If the period of hypoxia continues,
the fetus will irregularly gasp and lapse into secondary apnea. Infants born during this
period progress to hypotension and bradycardia; they require extensive resuscitation
with assisted ventilation and often chest compressions and medications.

Why is resuscitation in babies different from that in children or adults? Newborn
babies who need resuscitation often have problems related to ineffective ventilation,
unlike adults who most often have cardiac arrest as the primary life-threatening con-
dition. Therefore, the focus of neonatal resuscitation differs totally, with establishing
ventilation being central to resuscitation. In adults, the focus is on chest compression,
defibrillation, and cardiac medications.

RESUSCITATION ALGORITHM. See Figure 4.1.
A. Before birth of baby
1. Identifying high-risk pregnancies
2. Antenatal counseling, team briefing, and equipment check
B. After birth of baby
. Delayed cord clamping
. Rapid assessment at birth—term/preterm, tone, and breathing/crying
. Routine care—stay with the mother
. Initial steps—temperature, airway, and breathing
. Oxygen/continuous positive airway pressure (CPAP)
. Breathing—PPV
. Alternative airway—intubation/laryngeal mask airway (LMA)

. Chest compressions

o 0 N & Nt W W N

. Medications

—t
(=]

. Documentation of resuscitation and post-resuscitation care
11. Debriefing
A. Before birth of baby

1. Identifying high-risk pregnancies. Anticipation is the key to adequate prepa-
rations for a neonate likely to require resuscitation at birth. It is estimated that
10% of neonates require some assistance at birth, whereas <1% require exten-
sive resuscitation. The delivery of high-risk pregnancies requires at least two
skilled persons to be available for assessment and triage. One of the members
should be skillful in chest compressions, umbilical catheterization, and medi-
cations, if necessary (there should be one person for all deliveries exclusively for the
baby, even for those deliveries with no identified risk, who can assess the baby and
complete initial steps and PPV; he or she should call for additional help as soon as
the baby needs any help at birth).
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Antenatal counseling

[ | Team briefing and equipment check
Infant stays with mother for routine
Yes care: warm and maintain normal
temperature, position airway, clear
secretions if needed, dry.
g No Ongoing evaluation
2
E Warm, dry, stimulate, position
airway, suction only if required
No
Yes Yes
PPV Position and clear airway, SpO, monitor
— SpO, monitor Supplementary O, as needed
Consider ECG monitor Consider CPAP

4>| HR below 100/minute? |N°—> Post-resuscitation care

Team debriefin
Yes l g
Check chest movement
Ventilation corrective steps if needed Targetegﬁ;; rregil:tcr:al SpO,
ETT or laryngeal mask if needed
l 1 minute  60%—65%
No r=T——" > 2 minutes 65%-70%
4| elow 60/minute?
3 minutes  70%—-75%
Yesl 4 minutes  75%—-80%
Intubate if not aIreat_dy done 5 minutes  80%—85%
Chest compressions
Coordinate with PPV 10 minutes ~ 85%—-95%
100% O,
ECG monitor

Consider emergency UVC

l

| HR below 60/minute? |

Yes U

IV epinephrine
If HR persistently below 60/minute
Consider hypovolemia
Consider pneumothorax

Figure 4.1. Neonatal resuscitation algorithm—2020 update.
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The obstetrician should notify the pediatrician about any medical, obstetric,
and fetal concerns; the pediatrician should then prepare for the specific antici-
pated problems.

The problems should be discussed with the parent(s), if time permits. The
following antepartum and intrapartum events warrant the presence of an
experienced resuscitation team at delivery:

a. Antepartum risk factors (see Chapter 1)
i. Prematurity (<37 weeks) and postmaturity (>41 weeks)

ii. Fetal growth restriction, anticipated low birth weight (<2.5 kg), or high
birth weight (>3.5 kg)

iii. Oligohydramnios/polyhydramnios
iv. Major congenital anomalies diagnosed prenatally
v. Hydrops fetalis
vi. Multiple gestation (see Chapter 11)
b. Evidence of non-reassuring fetal status

i. Decreased fetal movement or abnormalities of umbilical vessel Doppler
flow studies

ii. Meconium staining of the amniotic fluid (see Chapter 35)
iii. Category II or III fetal heart rate tracing (Chapter 1)
iv. Acute perinatal event (e.g., placental abruption, cord prolapse)
c. Labor and delivery conditions
i. Cord prolapse
ii. Abruptio placentae/significant vaginal bleeding
iii. Abnormal presentations—breech extraction
iv. Forceps/vacuum-assisted delivery
v. Prolonged or unusual labor
vi. Concern about possible shoulder dystocia
vii. General anesthesia
viii. Chorioamnionitis
ix. Maternal illness
a) Diabetes mellitus
b) Rh or other isoimmunization
¢) Chronic hypertension or pregnancy-induced hypertension
d) Narcotic analgesics given to the mother within 4 hours of birth
2. Antenatal counseling, equipment check, and team briefing

a. Antenatal counseling of parents. Introduce the resuscitation team and
potential risk factors, and plan in case of anticipated risk. Preparing for
resuscitation includes gathering important information.

Following questions need to be asked. They include the following:

m [s the baby term or preterm?

m Is it a singleton or multiple pregnancy?
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Is the liquor clear or meconium stained?
Are there any other risk factors?

What is the cord management plan?

b. Equipment check. Necessary equipment must be present, clean and func-
tioning. Each delivery room should be equipped with the following:

Routine care. Sterile blade and umbilical cord tie/cord clamp
Warmth. Radiant warmer

Caps. Plastic wrap for covering the baby/exothermic mattress
Transport incubator

Airway

o Bulb suction

O Suction catheter 10 and 12 F and wall suction <100 mm Hg
o Shoulder roll

Assessment. Stethoscope/ECG leads (optional)

Breathing

PPV device

o T-piece/self-inflating/flow inflating

O Term and preterm face mask

o Flow meter set at 10 L/minute

o0 Oxygen source

o Blender with adjustable flowmeter and adequate length of tubing
O Warm and humidified oxygen is desirable

O Monitoring equipment. Pulse oximeter and disposable probes.
Signal extraction technology (SET) enhanced pulse oximeters allow
faster assessment of saturation

o Signal extraction technology—enhanced pulse oximeters allow bet-
ter and faster detection of saturation.

Alternate airway

o Laryngoscope with 0, 1, and 00 blades; extra batteries
0 Endotracheal (ET) tubes 2.5, 3, 3.5, and 4; tapes and scissors
o LMA number 1

o Orogastric tube and syringe

o End ddal carbon dioxide (ETCO,) monitor (optional)
Medications

o Epinephrine

0 Normal saline

o Syringes (1.0, 10.0 mL)

0 Umbilical venous catheter and procedure tray
Universal precautions.

O Personal protective equipment (PPE)
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o Caps
o Goggles or glasses
o Gloves

o Impervious gowns (these have become particularly relevant in view of
the ongoing COVID epidemic)

Preparation of equipment. On arrival in the delivery room, check that
the transport incubator is plugged in and warm and has a full oxygen tank.
While the history or an update is obtained, the following should be done:

m Ensure that the radiant warmer is switched on and that three clean towels are
prewarmed.

m Check oxygen source and set blender to room air for a term infant and up to
30% for a preterm infant; flow is set as per manufacturer’s reccommendation for
the T-piece resuscitator (10 L/minute).

Test the T-piece resuscitator and set to positive end-expiratory pressure (PEEP)
of 5 to 6 and peak inspiratory pressure (PIP) of 20 to 25 mm Hg; check the
self-inflating bag by feeling the pressure against your palm. Be sure that the
proper-sized mask is present (term/preterm).

Make sure that the laryngoscope light is bright and has an appropriate blade
for the anticipated baby (no. 1 for full-term neonates, no. 0 for premature
neonates, no. 00 for extremely low-birth-weight neonates).

® Set out an appropriate ET tube for the expected birth weight (3.5 mm for full-
term infants, 3.0 mm for premature infants >1,250 g, and 2.5 mm for extreme
preterm infants).

If the clinical situation suggests that extensive resuscitation may be needed, the
following actions may be required:

0 Set up an umbilical catheterization tray for venous catheterization (3.5- and
5-French catheters).

0 Draw up 1:10,000 epinephrine and isotonic saline for catheter flush solution
and volume replacement.

c. Team briefing. A team prebriefing is needed to assign roles to team mem-
bers to ensure smooth performance during the resuscitation. Such briefing
before and debriefing after resuscitation have been shown to improve
short-term clinical outcomes of infants and performance of the staff (2020
guidelines). One person is assigned as the team leader who takes responsi-
bility and oversees the entire procedure. The pediatrician should introduce
himself or herself to the obstetrician and anesthetist, the mother (if she is
awake), and the father (if he is present).

B. After birth of baby

1. Delayed cord clamping. If the infant is breathing spontaneously at birth,
the cord should not be clamped and divided until at least 30 to 60 seconds
have passed. The infant should be placed on the maternal chest or abdomen,
dried, and kept warm. In a sick neonate, placental transfusion is known to
stabilize the blood pressure and hematocrit, but current guidelines recommend
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immediate cutting of the cord and shifting the sick neonate to the radiant
warmer for assessment and resuscitation.

In infants who require resuscitation for inadequate or absent respiratory
effort, the cord should be clamped and divided shortly after birth. Ongoing
studies continue to evaluate the feasibility and effectiveness of providing re-
suscitation with the umbilical circulation still intact. Cord milking is currently
not recommended, higher rates of IVH were found in babies born before
28 weeks gestation.

. Rapid assessment at birth. Immediately following delivery, begin a process of

evaluation, decision, and action (resuscitation).
Three questions need to be asked after the baby is born:

m [s the baby term?
= Is the tone good?

m Is the baby breathing or crying?

. Routine care: Infant breathes spontaneously and has good tone. If the

answer to the above-mentioned questions is YES, the baby is placed on the
mother’s abdomen (for warmth). Cord clamping is delayed for 1 minute. The
infant is dried with warm linen. Early skin-to-skin contact is initiated and con-
tinued for a duration of 1 hour. Breastfeeding is initiated as soon as possible.
This situation is found in >90% of all term newborns, with a median time
to first breath of approximately 10 seconds. Following (or during) warming,
drying, and positioning, the infant should be assessed.

. Initial steps: warmth, airway, and breathing. In case the infant has poor

tone or breathing efforts, the newborn is taken to the radiant warmer for re-
suscitation. Dry the infant completely and discard the wet linen. Ensure that
the infant remains warm.

Place the infant with the head in the midline position, with slight neck
extension (a shoulder roll of 1-inch height will ensure neck deflexion). Suction
the mouth, oropharynx, and nares thoroughly with a suction bulb if there is
obvious obstruction or the baby requires PPV. Deep pharyngeal stimulation
with a suction catheter may cause arrhythmias that are probably of vagal
origin and should be avoided. If meconium-stained amniotic fluid is present,
be vigilant for the increased possibility of upper airway obstruction and have
equipment for suctioning available (Chapter 35). Routine suction is not rec-
ommended, even in nonvigorous babies.

Some newborns do not immediately establish spontaneous respiration but
will rapidly respond to tactile stimulation that includes rubbing the back (e.g.,
cases of primary apnea). More vigorous or other techniques of stimulation
have no therapeutic value and are potentially harmful. If breathing does not
start after two attempts at tactile stimulation, the baby should be considered to
be in secondary apnea, and respiratory support should be initiated. It is better
to overdiagnose secondary apnea in this situation than to continue attempts at
stimulation that are not successful.

Tactile stimulation by tapping the sole or rubbing the back gently may help
initiate breathing, if effective breathing is not established despite warmth and
clearing airway.
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5. Oxygen/CPAP

a. Do rapid assessment after initial steps. Assess breathing, heart rate, and

b.

color (saturation).

If the infant breathes spontaneously and has good tone, but the overall
color appears cyanotic (this situation is not uncommon), a pulse oximeter
should be placed on the right upper extremity (usually the hand) as soon as
possible after birth. Often the measured saturation levels improve rapidly
without the use of oxygen. If the saturation does not improve, oxygen may
be started to maintain saturation levels in the reference range.

. Supplemental oxygen. In the fetal life, oxygen saturation levels are well

below those during extrauterine life. These levels do not completely rise to
the “normal” postnatal range for about 10 minutes after birth, and oxygen
saturation levels of 70% to 80% are truly normal for several minutes.
Excessive oxygen is proven to be harmful to the newborn. One must not
provide oxygen with intentions to see the magic saturation number of 90
or more immediately after birth. Several studies have examined the change
in oxygen saturation levels in the minutes following birth and have defined
percentile ranges for uncompromised babies born at full term. The pulse
oximeter should be attached to a “preductal” site (i.e., the right upper
extremity). It is recommended that pulse oximeter be used to measure
saturations to avoid overtreatment, if supplemental oxygen is administered.

The concentration of oxygen used to begin resuscitation remains an
area of debate. Several trials have shown that survival is improved when
resuscitation is initiated with room air compared with 100% oxygen in
full-term infants. Studies of preterm infants have shown that the use of air
or a minimally increased concentration of a blended air—oxygen mixture as
the initial gas resulted in an appropriate rise in oxygen saturation levels after
birth. Once assisted ventilation or supplemental oxygen use is begun, the
oxygen concentration should be adjusted so that the measured preductal
oxygen saturation value lies within a specified minute-specific reference
range (Table 4.1) as advocated by the NRP.

Room air is recommended as the initial concentration for term babies
and 21% to 30% oxygen for premature babies.

= Air should be used if blended oxygen is not available.

Table 4.1. Target Preductal SPO, during the First 10 Minutes after Birth

1 minute 60%—-65%
2 minutes 65%-70%
3 minutes 70%-75%
4 minutes 75%-80%
5 minutes 80%—-85%
10 minutes 85%-95%
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= Oxygen concentration should be increased to 100% if bradycardia (heart
rate <60 bpm) does not improve after 90 seconds of resuscitation.

The early initiation of CPAP in a preterm infant who is spontaneously
breathing but exhibiting respiratory distress in the delivery room is strongly
advocated. CPAP may also be considered if the baby is breathing and heart
rate is >100 bpm, but the baby cannot maintain saturation in the target
range despite free-flow oxygen. In infants born at 29 weeks of gestation or
earlier, CPAP at birth was as effective as ‘intubation and surfactant’ in even-
tual outcomes (death or BPD). Early CPAP use reduced the need for intu-
bation, mechanical ventilation, and exogenous surfactant administration.
In spontaneously breathing preterm infants with respiratory distress, use of
CPAP in the delivery room is clearly a preferred choice over intubation and
mechanical ventilation. A T-piece resuscitator is preferred over self-inflating
bag, if PPV has to be given.

6. PPV. In the newly born infant, essentially all resuscitation problems within the

initial postnatal period occur because of inadequate respiratory effort or some
obstruction to the airway. Therefore, the initial focus must be on ensuring an
adequate airway and adequate breathing.

Indications for PPV are as follows:
® The infant is apneic/gasping despite tactile stimulation.

® The infant has a heart rate of <100 bpm despite apparent respiratory effort.

Apnea with bradycardia represents secondary apnea and requires treatment
with PPV. When starting this intervention, call for assistance if your team is
not already present. When indicated, PPV must be started within 1 minute
of birth. A T-piece resuscitator is connected to an air—oxygen blender (initial
concentration depending on gestational age, 21% for >35 weeks and 21% to
30% for <35 wecks) at a rate of 10 L/minute and to a mask of appropriate
size. The mask should cover the chin and nose but leave the eyes uncovered.
After positioning the newborn’s head in the midline with slight extension, the
initial breath should be delivered at a peak pressure that is adequate to produce
appropriate chest rise; often, 20 cm H,O is effective (30 to 40 cm H,O may be
required in the first few breaths). This will establish functional residual capacity,
and subsequent inflations will be effective at lower inspiratory pressures.

The inspiratory pressures for subsequent breaths should be adjusted to ensure
that there is just adequate but not excessive chest rise. In infants with normal
lungs, this inspiratory pressure is usually no more than 15 to 20 cm H,O. In in-
fants with known or suspected disease causing decreased pulmonary compliance,
continued inspiratory pressures in excess of 20 cm H,O may be required.

If no chest rise can be achieved despite apparently adequate pressure and
there is no evidence of a mechanical obstruction/leak, intubation should be
considered. Especially in premature infants, every effort should be made to use
the minimal pressures necessary for chest rise and the maintenance of normal
oxygen saturation levels. A rate of 40 to 60 breaths per minute should be used,
and the infant should be reassessed in 15 to 30 seconds. It is usually preferable
to aim for a rate closer to 40 bpm, as many resuscitators deliver less adequate
breaths at higher rates. Support should be continued until respirations are
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spontaneous, and the heart rate is >100 bpm; effectiveness is best gauged by
improvements in the heart rate.

The use of a T-piece resuscitator enhances the ability to provide consistent
pressure-regulated breaths. It offers greater control over manual ventilation
by delivering breaths of reproducible size (peak and end-expiratory pressures)
and a simplified method to control the delivered breath rate. A self-inflating
or flow-inflating bag may be used for PPV.

a. Adequacy of ventilation. The most important indicator of adequate venti-
lation is a rise in the heart rate. The first assessment after initiation of PPV
should be at 15 seconds; if there is insufficient improvement in the heart
rate, check for chest movement. If there is a rise in the heart rate and ade-
quate chest rise, then PPV is continued for a period of 30 seconds. In case
of poor chest rise at 15 seconds, the acronym MRSOPA is used to optimize
ventilation:

= M—mask adjustment

m R—reposition infant

® S—suction airway

® O—open airway

® P—opressure to be increased

® A—alternate airway (intubation)

If the baby’s heart rate is >100/minute and he/she has good tone and
respiratory efforts, one may decrease rates and pressure of PPV, provide
oxygen or CPAP for a while, and observe.

7. Alternative airway is absolutely indicated only when a diaphragmatic hernia or
airway anomaly is suspected or known to exist. The use of an alternate airway
is recommended when bag-and-mask ventilation is ineffective, when chest
compressions are administered, or when the infant requires transportation for
more than a short distance after stabilization. Intubation may be necessary for
the suction of airway or surfactant administration (both meconium and pre-
maturity are not indications for intubation per se). Effective ventilation with a
bag and mask may be done for long periods, and it is preferred over repeated
unsuccessful attempts at intubation or attempts by unsupervised personnel
unfamiliar with the procedure. If only inexperienced personnel are available,
an LMA should be considered if an alternate airway is required.

Intubation should be accomplished rapidly by a skilled person. If inade-
quate ventilation was the sole cause of the bradycardia, successful intubation
will result in an increase in the heart rate to >100 bpm and a rapid improve-
ment in oxygen saturation. Detection of expiratory carbon dioxide by a
colorimetric detector is an effective means of confirming appropriate tube
positioning, especially in the smallest infants.

The key to successful intubation is to correctly position the infant and la-
ryngoscope and to know the anatomic landmarks. If the baby’s chin, sternum,
and umbilicus are all lined up in a single plane and if; after insertion into the
infant’s mouth, the laryngoscope handle and blade are aligned in that plane
and lifted vertically at an approximately 60° angle to the baby’s chest, only one
of four anatomic landmarks will be visible to the intubator: From cephalad to
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caudad, these include the posterior tongue, the vallecula and epiglottis, the
larynx (trachea and vocal cords), or the esophagus. The successful intubator
will view the laryngoscope tip and a landmark and should then know whether
the landmark being observed is cephalad or caudad to the larynx. The intu-
bator can adjust the position of the blade by several millimeters and locate
the vocal cords. The ET tube can then be inserted under direct visualization
(see Chapter 69). Appropriate-sized ET tubes need to be used as per the birth
weight or gestational age. The depth of insertion of an ET tube is given by the
formula NTL + 1, where NTL denotes the nasotragal length. The nasotragal
length is measured from the columella to the tragus. One must complete the
intubation in 30 seconds. If repeated efforts at intubation fail, one must con-
sider a LMA. Laryngeal masks are easy to insert and are effective for ventilating
newborns weighing >2,000 g. They should be considered when bag-and-mask
ventilation is not effective and intubation is unsuccessful or no skilled intu-
bator is immediately available. LMA can be life saving, and units must target
availability, education, and skill development.

8. Chest compression. If the heart rate remains below 60 bpm, despite 30
seconds of effective PPV, chest compression needs to be initiated. Prior to
initiation of chest compression, the resuscitator needs to call for additional
help, preferably intubate the infant, and switch to 100% oxygen. The best
technique is to encircle the chest with both hands, placing the thumbs to-
gether over the lower third of the sternum, with the fingers wrapped around
and supporting the back. Compress the sternum about one-third of the ante-
ro-posterior diameter of the chest at a rate of 90 times per minute in a ratio
of three compressions for each breath. PPV should be continued at a rate of
30 breaths per minute, interspersed in the period following every third com-
pression. After 60 seconds of chest compression and PPV, briefly stop chest
compression and check the heart rate. ECG is more accurate than auscultation
but is not feasible in most neonatal units in Asia. ECG must be considered
in a baby, when alternative airway is required. If the baby’s heart rate is >60
bpm, chest compression should be discontinued, and ventilation continued
until respiration is spontaneous. If no improvement is noted and the heart
rate remains below 60 bpm, compression and ventilation should be continued.
Epinephrine should be considered.

Infants requiring ventilatory and circulatory support are markedly de-
pressed and require immediate, vigorous resuscitation. This will require at least
three trained people working together.

9. Medications.

a. Epinephrine. If the heart rate of the baby remains <60 bpm despite ade-
quate ventilation with 100% oxygen (for 30 seconds) and chest compres-
sions (60 seconds), epinephrine (1:10,000, 0.1 mg/mL) should be given.
The most accessible intravenous (IV) route for neonatal administration of
medications is catheterization of the umbilical vein (see Chapter 69) (or
intraosseous route), which should be done rapidly and aseptically. The
umbilical catheter should be advanced only approximately 2 to 3 cm past
the abdominal wall (4 to 5 cm total in a term neonate), just to the point
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of easy blood return, to a position that is safest for injection of drugs. In
this position, the catheter tip will be in or just below the ductus venosus.

The recommended dose of IV epinephrine 0.1 to 0.3 mL/kg (up to 1.0
mL) of a 1:10,000 epinephrine solution should ideally be given through
the umbilical venous catheter and flushed with 3 mL normal saline into
the central circulation. This dose may be repeated every 3 to 5 minutes if
necessary, and there is no apparent benefit to higher doses.

When access to central circulation is difficult or delayed, epinephrine
may be delivered through an ET tube for transpulmonary absorption,
although a positive effect of this therapy has been shown only in animals
at doses much higher than those currently recommended. In case there
is difficulty in accessing the IV route, epinephrine can be administered
through the intratracheal route/intraosseous route. The intratracheal route
of administration may be considered while IV access is being established,
using doses of 0.5 to 1.0 mL/kg of 1:10,000 dilution (0.05 to 0.10 mg/kg).
These larger doses need not be diluted to increase the total volume. If two
doses of epinephrine do not produce improvement, additional doses may
be given, but one should consider other causes for continuing depression.

b. Volume expansion. Indications for volume expansion include evidence of
acute bleeding or poor response to resuscitative efforts and newborns who
have pallor and shock in the delivery room (see Chapters 40 and 43). Shock
may result from significant intrapartum blood loss because of placental
separation, fetal-maternal hemorrhage, avulsion of the umbilical cord from
the placenta, vasa or placenta previa, incision through an anterior placenta
at cesarean section, twin—twin transfusion, or rupture of an abdominal
viscus (liver or spleen) during a difficult delivery. These newborns will be
pale, tachycardic (>180 bpm), and tachypneic, with poor capillary filling
and weak pulses.

After starting respiratory support, immediate transfusion of normal saline
boluses may be necessary if acute blood loss is the underlying cause. A volume
of 10 mL/kg can be given through an umbilical venous catheter, over 5 to
10 minutes. If clinical improvement is not seen, causes of further blood loss
should be sought, and blood replacement should be considered. It is im-
portant to remember that the hematocrit may be normal immediately after
delivery if the blood loss occurred acutely during the intrapartum period.

Except in cases of massive acute blood loss, the emergent use of blood
replacement is not necessary, and acute stabilization can be achieved with
crystalloid solutions. Normal saline is the primary choice of replacement
fluid.

Sodium bicarbonate and naloxone are not used in acute care, and need not
be available in the labor room.

10. Documentation of resuscitation and post-resuscitation care. The whole
sequence of resuscitation must be documented with time in detail. Ideally
an independent person should document in real time. In resource-limited
settings, where there are not enough people to attend all births, the same per-
son documents after the resuscitation is complete. Use of a stop clock (Apgar
timer) allows reasonable orientation to time, even in stressful situations.
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a. Apgar scores. The Apgar score consists of the total points assigned to five
objective signs in the newborn. Each sign is evaluated and given a score of
0, 1, or 2. Total scores at 1 and 5 minutes after birth are usually noted. If
the 5-minute score is 6 or less, the score is then noted at successive 5-min-
ute intervals until it is >6.

i

ii.

One-minute Apgar score. [t does not correlate with the outcome and
hence Apgar should not guide resuscitation.

This score generally correlates with the umbilical cord blood pH
and is an index of intrapartum depression. Babies with a score of 0
to 4 have been shown to have a significantly lower pH, higher partial
pressure of carbon dioxide (PaCO,), and lower buffer base than those
with Apgar scores >7.

In the very low-birth-weight (VLBW) infant, a low Apgar score
may not indicate severe depression. As many as 50% of infants with
gestational ages of 25 to 26 weeks and Apgar scores of 0 to 3 have a
cord pH of >7.25. Therefore, a VLBW infant with a low Apgar score
cannot be assumed to be severely depressed.

The more prolonged the period of severe depression (i.e., Apgar
score 3), the more likely is an abnormal long-term neurologic outcome.
Nevertheless, many newborns with prolonged depression (>15 min-
utes) are normal on follow-up. The American Academy of Pediatrics
is currently recommending an expanded Apgar score reporting form,
which details both the numeric score and the concurrent resuscitative
interventions (see Table 4.2).

Combined Apgar. It consists of the following parameters: CPAP,
Oxygen, Mask and Bag, Intubation, Neonatal chest compressions,
Exogenous surfactant, and Drugs. Each intervention is scored 0
(if performed) and 1 (if not performed). This is taken in combination
with the above-specified Apgar score, and a score <10/17 is an indicator

for high morbidity/mortality.

. Post-resuscitation care. A severely compromised fetus and newborn may

have multiorgan dysfunction as a result of hypoxia-ischemia. Every organ
system (Table 4.3) must be monitored clinically and supported with lab
tests. Early intervention will limit the morbidities associated with severe

hypoxia- ischemia.

IV. SPECIAL SITUATIONS

A. Meconium aspiration (see Chapter 35). There are significant changes in resusci-
tation practices in the setting of meconium-stained amniotic fluid.

1.
2.

Routine suctioning of all meconium-stained infants, at birth, is not recommended.

The newborn should immediately be assessed to determine whether it is vig-
orous, as defined by strong respiratory effort, good muscle tone, and a heart
rate >100 bpm.

a. Infants who are vigorous should be treated as normal, despite the presence
of meconium-stained fluid.
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Table 4.2. Expanded Apgar Reporting Form

SIGN |0 1 2
1 5 10 15 20
minute | minute | minute | minute | minute
Color Blue or | Acrocya- Completely
pale notic Pink
Heart Absent <100 >100 minute
rate minute
Reflex No Grimace Cry or active
irrita- response withdrawal
bility
Muscle- | Limp Some Active
tone flexion motion
Respira- | Absent | Weak Cry: | Good, crying
tion hypoventi-
lation
Total
Comments: Resuscitation
Minutes 1 5 10 15 20
Oxygen
PPV/NCPAP
ETT
Chest com-
pressions
Epinephrine

=

b. If the infant is not vigorous, appropriate resuscitative measures should be
given. Routine tracheal suctioning is not recommended, but it is important
to maintain vigilance for possible airway obstruction by thick secretions and
to suction, as necessary. In these infants, oral suctioning needs to be done.

3. For infants at risk for meconium aspiration syndrome who show initial respira-
tory distress, oxygen saturation levels should be monitored and babies should
be monitored for a few hours.

Prematurity. Premature infants require additional special care in the delivery
room; they are more likely to need resuscitation. There should be a team of expe-
rienced people to receive a preterm baby at birth.

Preterm babies are more vulnerable to heat loss, oxygen injury, hypoglycemia,
and brain injury; they may have immature lung and infection. Extra care is neces-
sary to minimize the heat loss: Set room temperature to 23°C to 25°C (Neonatal
Life Support 2020), and use plastic wraps or bags (<32 weeks™ gestation), caps,
and/or exothermic mattresses to prevent heat loss. Use blended oxygen—air mix-
tures and pulse oximetry to guide oxygen therapy (start with 21% to 30% FiO,).
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Table 4.3. Clinical Signs, Laboratory Findings, and Management
Organ Clinical Signs and Management Considerations
System Laboratory Findings
Neurologic Apnea, seizures, irritability, | Monitor for apnea.
poor tone, altered neuro- | Support ventilation as needed.
logic examination, poor Monitor glucose and electrolytes.
feeding coordination Avoid hyperthermia.
Consider anticonvulsant therapy.
Consider therapeutic hypothermia.
Consider delayed initiation of feedings
and use of intravenous fluids.
Respiratory Tachypnea, grunting, Maintain adequate oxygenation and
retractions, nasal flaring, ventilation.
low oxygen saturation, Avoid unnecessary suctioning.
pneumothorax Cluster care to allow periods of rest.
Consider antibiotics.
Consider x-ray and blood gas.
Consider surfactant therapy.
Consider delayed initiation of feedings
and use of intravenous fluids.
Cardiovas- Hypotension, tachycardia, Monitor blood pressure and heart rate.
cular metabolic acidosis Consider volume replacement or inotrope
administration if baby is hypotensive.
Renal Decreased urine output, Monitor urine output.
edema, electrolyte abnor- | Monitor serum electrolytes as indicated.
malities Monitor weight.
Restrict fluids if baby has decreased urine
output and vascular volume is adequate.
Gastrointes- Feeding intolerance, Consider abdominal x-ray.
tinal vomiting, abdominal dis- | Consider delayed initiation of feedings
tention, abnormal liver and use of intravenous fluids.
function tests, gastroin- Consider parenteral nutrition.
testinal bleeding
Endocrine— Metabolic acidosis, hypo- Monitor blood glucose.
metabolic glycemia (low glucose), Monitor serum electrolytes as indicated.
hypocalcemia (low Consider intravenous fluids.
calcium), hyponatremia Replace electrolytes as indicated.
(low sodium), hyperkale-
mia (high potassium)
Hematologic | Anemia, thrombocytopenia, | Monitor hematocrit, platelets, and coag-
delayed clothing, pallor, ulation studies as indicated.
bruising, petechiae
Constitutional | Hypothermia Delay bathing.
Therapeutic hypothermia must be considered.
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Surfactant-deficient lungs are poorly compliant, and higher ventilatory pressures
may be needed for the first and subsequent breaths. CPAP is the preferred respira-
tory support, if the preterm baby has respiratory distress or cyanosis. If respiratory
efforts are poor, or the baby has significant apnea, PPV is required; restrict PIP to
a minimum. If the baby requires intubation for resuscitation, consider surfactant
therapy (ideally in the neonatal intensive care unit [NICU], rather than in the
labor room). Avoid large/rapid saline boluses. Post-resuscitation care with close
attention to temperature, glucose monitoring, and apnea monitoring is import-
ant. Depending on the reason for premature birth, perinatal infection is more
likely in premature infants, which increases their risk of perinatal depression.

Air leak. If an infant fails to respond to resuscitation despite apparently effective
ventilation, chest compressions, and medications, consider the possibility of air
leak syndromes. Pneumothorax (unilateral or bilateral) and pneumopericardium
should be suspected by decreased breath sounds, ruled out by transillumination
or diagnostic thoracentesis (see Chapter 38) and treated if present.

Hydrops fetalis. The resuscitation requires at least four members with an experi-
enced member leading the resuscitation. The infant may be depressed and hypo-
volemic, and with effusions. In addition to initial steps and intubation, the infant
may require pleural drainage, ascitic tap, and fluid boluses. Suspect pleural effusion
if there is decreased breath sound in the setting of hydrops. The baby will need
most often umbilical catheterization for volume replacement and medications.

Airway obstruction by thick secretions may be considered in the setting of
meconium-stained amniotic fluid. If ventilation is ineffective despite intubation,
suction using a 3- to 5-French suction catheter must be done, before proceeding
with further steps. The combination of retrognathia, cleft palate, and glossopto-
sis constitutes Pierre Robin sequence that presents with a difficult airway. Pierre
Robin anatomy is managed by keeping the baby prone, passing a 2.5 size ET tube
through the nose, and LMA if necessary. Intubation can be exceedingly difficult.

Choanal atresia can be managed by an oropharyngeal airway or a modified
pacifier.

Abnormalities of fetal lung. Congenital diaphragmatic hernia (CDH) is known
antenatally in most cases; one may suspect CDH in a baby if there is asymmetry
in breath sounds, shift in heart sounds and scaphoid abdomen. Avoid mask ven-
tilation and intubate the baby early. A feeding tube must be inserted to prevent
bowel distension by excess air being swallowed; bowels distended by air will make
breathing more difficult.

Poor respiratory efforts and tone. Baby’s saturation and heart rate improve on
PPV, but respiratory effort and tone remain poor.

If the baby has poor respiratory efforts due to maternal narcotics, establish
breathing by PPV. Naloxone is not an emergency care medication; it may be
administered later if indicated.

Neuromuscular disorders, brain disorders, magnesium sulfate, and general
anesthesia given to the mother produce a similar picture.

Out-of-hospital resuscitation. One may have to adapt to the situation, keeping
the principles of resuscitation in mind. Skin-to-skin contact/plastic bags may pro-
tect from hypothermia; mouth-to-mouth PPV may be necessary. In emergency
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wards, an intraosseous needle may be necessary for medications, if umbilical
cannulation is not possible.

I. Bradycardia despite adequate ventilation with good perfusion. In case the
infant has good tone, good respiratory efforts, and good saturation and still has
bradycardia, congenital heart block needs to be suspected. Extensive resuscitation
with chest compression and epinephrine should not be started as a reflex. With
good antenatal sonography, most of these cases are antenatally confirmed.

EVOLVING RESUSCITATION SCIENCE. Recent NRP has focused on evidence-driven
changes in the practice of resuscitation; also many new devices have become available
to monitor and manage babies who need resuscitation at birth.

A. End-tidal or expiratory CO, detectors/flow sensors. They help in confirming
ET tube placement in the trachea. These devices may also have utility during bag-
and-mask ventilation in helping to identify airway obstruction. They are not avail-
able in most delivery rooms in India and Asia. Also, there is not sufficient evidence
to support the routine use of CO, detectors. In fact, in one study flow sensors
were more sensitive and quicker in detecting ET intubation than CO, detectors.

=

Passive cooling in labor room. Therapeutic hypothermia is the standard therapy
for infants born at 236 weeks’ gestation who manifest moderate to severe hypox-
ic-ischemic encephalopathy. It is likely that eatlier initiation may be necessary for
maximum effectiveness. Passive cooling in the labor room and during transfer
to the NICU has been suggested and may be feasible at all levels of health care.
Yet there are concerns on the safety and effectiveness of passive cooling. Servo-
controlled cooling was found to be faster and safer; out-of-range temperatures
were far fewer. Hyperthermia must always be avoided.

WITHHOLDING OR WITHDRAWING RESUSCITATION. Resuscitation at birth aims
at improving survival and decreasing neuromorbidity.

In those situations where survival is unlikely or associated morbidity is very high,
extensive and prolonged resuscitation must be avoided (see Chapter 19).

If there are no signs of life in an infant after 10 to 20 minutes (2020 guidelines) of
aggressive resuscitative efforts, with no evidence of correctible factors, discontinuation
of resuscitation efforts may be considered. It is appropriate to assess the availability
of advanced intensive care, including therapeutic hypothermia, the baby’s gestational
age, and any specific circumstances known prior to birth. There are case series of rea-
sonable intact survival in babies resuscitated with Apgar 0 after 10 minutes.

Resuscitation must be initiated and continued, if indicated, excepr in geneti-
cally established conditions such as trisomy 13 and 18, and major malformations
such as anencephaly and extreme preterm birth. If the physician is sure, from the
available information, that survival is unlikely, then initiating resuscitation is not
ethical. Within Europe, neonatologists from different countries considered different
thresholds of viability between 22 and 24 weeks. A consensus guideline from the
Philippines recommends resuscitation/non-resuscitation between 24 and 28 weeks
as optional, given the limitations of resources at most levels of care. Each country/
region/hospital must have a guiding process, to avoid conflict between physicians
and between physicians and parents. Regional laws and hospital ethics committee
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must guide in difficult situations. The Indian Academy of Pediatrics formulated an
end-of-life care consensus statement for sick children in 2014; in 2020, ICMR has
published Do Not Attempt Resuscitation (DNAR) guidelines. Although they do not
mention neonates specifically, the guiding principles are clearly outlined.

Humane and culturally sensitive palliative care should be followed in cases of
noninitiation or stopping of resuscitation. If possible, an opportunity to understand
parental wishes under these circumstances may be extremely helpful. The parents
must be presented with accurate, unbiased information. If the parents’ opinion is
unknown or uncertain, resuscitation should be initiated and continued as standard
and full care.
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Nonimmune Hydrops Fetalis

Kenneth J. Moise Jr. and Suzanne Lopez

KEY POINTS

Hydrops fetalis has classically been defined as the presence of edema or excess of
extracellular fluid in at least two fetal body compartments.

With routine use of Rhesus (Rh) immune globulin for the prevention of Rh alloim-
munization, 95% of hydrops cases are due to nonimmune causes.

Plans for neonatal resuscitation should account for the location and severity of fluid
collections and assess the need for immediate drainage as part of the initial resus-
citation; ex utero intrapartum treatment (EXIT) procedure may be helpful. Three or
more trained persons may be required to be present at the time of delivery.

Definitive treatment would depend on the underlying cause; in a few cases, the
cause may not be found.

. DEFINITION. Hydrops fetalis has classically been defined as the presence of extracel-

lular fluid in at least two fetal body compartments. These fluid collections include
skin edema (>5-mm thickness), pericardial effusion, pleural effusions, and ascites; all
are easily recognized on prenatal ultrasound (Figs. 5.1, 5.2, 5.3, 5.4). Frequent ad-
ditional findings included polyhydramnios (deepest vertical pocket of amniotic fluid
of >8 cm or amniotic fluid index >24 ¢cm) and placentomegaly (>4-cm thickness in
the second trimester or >6-cm thickness in the third trimester).

. INCIDENCE. The reported incidence of nonimmune hydrops fetalis (NIHF) varies

between 1 in 1,700 and 3,700 pregnancies.

ETIOLOGY (Table 5.1). The advent of the widespread use of Rhesus (Rh) immune
globulin for the prevention of RhD alloimmunization has resulted in a shift in favor
of nonimmune etiologies of fetal hydrops. In 1970, McAfee et al. reported that 82%
of cases of fetal hydrops were related to red cell alloimmunization, whereas in one
more recent series, 95% of cases of hydrops were classified as nonimmune. The eti-
ology of NIHF is diverse. A systematic review of literature by Bellini et al. between
1997 and 2007, involving 5,437 patients, found cardiovascular malformations the
most common etiology followed by idiopathic causes, chromosomal abnormalities,
and hematologic etiologies. A subsequent review by the same authors between 2007
and 2013 revealed. A decreasing trend in chromosomal abnormalities, thoracic prob-
lems, urinary tract malformations, and twin—twin transfusion was noted between
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Figure 5.1. Scalp edema (small arrow) and ascites (larger arrow) in a case of nonimmune hydrops fetalis
secondary to parvovirus at 22 weeks gestation.

Figure 5.2. Large left-sided pleural effusion (#7row) in a fetus at 28 weeks’ gestation with bronchopulmo-
nary sequestration (lesion indicated by szar).

the two consecutive time periods while etiologies of lymphatic dysplasia and gastro-
intestinal causes appear to have increased. The overall contributions of the various

etiologies from the two series are noted in Table 5.1.

A recent systematic review addressed the issue of evaluation for lysosomal storage
disease in cases of NIHE In the 676 cases that were specifically evaluated for these
conditions, the incidence was 5.2% of all cases tested and 17.5% of cases initially
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Figure 5.3. Pericardial effusion (between the arrows) in a recipient twin with severe twin—twin transfusion
at 24 weeks’ gestation.

Figure 5.4. Placentomegaly (between the arrows) at 25 4/7 weeks’ gestation associated with nonimmune
hydrops fetalis in a fetus with an unbalanced atrioventricular canal and heterotaxy syndrome.

thought to be idiopathic. The three most common disorders were mucopolysaccha-
ridosis type VII, Gaucher’s disease, and GM1 gangliosidosis.

IV. PATHOPHYSIOLOGY. Because the etiology of NIHF is so diverse, few studies have
addressed the pathophysiology of this condition. Lymphatic return of interstitial
fluid to the vascular space is either inadequate or compromised. Anatomical ob-
struction is present in cases of Turner’s syndrome or lymphatic dysplasia, whereas
a functional obstruction can occur due to elevated right atrial pressures noted in
cases of severe fetal anemia (parvovirus) or tachyarrhythmias. Certain cardiac mal-
formations (Ebstein anomaly) or intrathoracic tumors (congenital pulmonary airway
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Table 5.1. Etiologies of Nonimmune Hydrops

Category Percentage | Typical Causes

Cardiovascular 21.4 Hypoplastic left heart, Ebstein anomaly,
endocardial cushion defect, bradyarrhyth-
mias/tachyarrhythmias (congenital heart
block, SVT, atrial flutter)

Idiopathic 18.2 —

Chromosomal 12.5 45 XO, trisomy 21, trisomy 18

Hematologic 10.1 a-Thalassemia, fetomaternal hemorrhage
and severe anemia

Lympbhatic dysplasia 7.5 Congenital lymphatic dysplasia

Infections 6.8 Parvovirus, CMV, adenovirus, enterovirus

Thoracic 5.3 CPAM, diaphragmatic hernia, extrapul-
monary sequestration, hydrothorax,
chylothorax

Twin—twin transfusion 5.3 Donor/recipient fetus (more common)

Syndromic 4.6 Noonan’s syndrome

Miscellaneous 3.7 —

Urinary tract malformations | 2.0 Urethral obstruction, prune belly syndrome

Inborn errors of metabolism | 1.1 Lysosomal storage diseases

Extrathoracic tumors 0.7 Vascular tumors, teratomas, leukemia,
hepatic tumors, neuroblastoma

Gastrointestinal 0.7 Meconium peritonitis, GI obstruction

CMY, cytomegalovirus; CPAM, congenital pulmonary airway malformation; GI, gastrointestinal.
Source: Modified from Bellini C, Domarini G, Paladini D, et al. Edology of non-immune hydrops
fetalis: an update. Am J Med Genet 2015;167A:1082-1088.

malformation [CPAM]) are associated with increased venous pressure and a resultant
increase in the production of interstitial fluid. Alternatively, vasculitis from infection
(cytomegalovirus) can result in intravascular protein loss and enhanced interstitial
fluid production. Severe tissue hypoxia can lead to endothelial cell damage and
capillary leak of fluid and protein. Severe anemia and hepatic extramedullary hema-
topoiesis may result in decreased production of plasma proteins leading to decreased
plasma oncotic pressure and hypoalbuminemia.

In a series of 20 fetuses with NIHF, umbilical venous pressure was elevated at the
time of cordocentesis in 65% of the cases. Correction of some of the lesions resulted
in normalization of the venous pressure on subsequent measurement which was ac-
companied by resolution of the hydrops. These authors concluded that an elevated
umbilical venous pressure signaled inadequate cardiac output as the cause of the
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NIHE Normalization of the venous pressure after correction of the fetal condition
invariably resulted in perinatal survival.

V. EVALUATION (Table 5.2). The initial diagnosis of NIHF is often made at the time
of a routine ultrasound examination (Fig. 5.5). At other times, the patient complains
of a decrease in fetal movement or a rapid increase in weight gain or abdominal
girth—signs of significant polyhydramnios.

A comprehensive ultrasound examination should be undertaken. Special emphasis
should be placed on the evaluation of cardiac structures and rhythm. If necessary, a fetal
echocardiogram should be undertaken. The peak systolic velocity of the middle cerebral
artery (MCA) >1.5 multiples of the median corrected for the gestational age has been
associated with fetal anemia in cases of NIHE.

A careful maternal and reproductive history should then be undertaken. This
should include queries regarding exposure to children with fifth disease (“slapped
cheek” disease caused by parvovirus B19). Maternal symptoms that would indicate

Table 5.2. Evaluation of Hydrops Fetalis

Prenatal Evaluation (Alive Fetus) Prenatal Evaluation (Intrauterine
Demise)
® Maternal history* = Autopsy (+placenta)
= Maternal blood type* = Fetal DNA
® Fetal echocardiogram m Fibroblast culture
® Comprehensive obstetrical ultrasound m Skeletal survey
= MCA doppler* ® Immunohistochemical studies
® Amniotic fluid analysis (viral PCR, = Photographs
karyotype, FISH, CMA) m Frozen tissues
= MRI
Postnatal Evaluation (Alive Newborn) Postnatal Evaluation (Neonatal Demise)
® Physical exam = Autopsy (+placenta)
® Echocardiogram™ m Fetal DNA
® Ultrasound: Head and abdomen = Fibroblast culture
= Chromosomes m Skeletal survey
® Viral cultures = Immunohistochemical studies
= Blood gas* ® Photographs
® Blood count* m Frozen tissues—liver, skin, heart, brain
® Blood type + Coombs test*
m Electrolytes
® Urinalysis
® Analysis of fluid (ascites, pleural effusion)
® Liver functions
® Radiographs

*Evaluations performed in immune hydrops fetalis.

CMA, chromosomal microarray; FISH, fluorescent 7 situ hybridization; MCA, middle cerebral artery;
MRI, magnetic resonance imaging; PCR, polymerase chain reaction.

Source: Modified from Bellini C, Domarini G, Paladini D, et al. Etiology of non-immune hydrops
fetalis: an update. Am J Med Genet 2015;167A:1082-1088.
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Fetal hydrops on initial ultrasound

v
Comprehensive Fetal Maternal
ultrasound, SVT | treatment with
MCA Doppler, fetal v digoxin +
echocardiogram flecainide/sotalol
A 4 A 4 *
Unilateral Solid thoracic Twin—twin _| Consider referral
pleural effusion mass or transfusion ”| for laser therapy
or cystic sacrococcygeal
thoracic mass teratoma
with mediastinal
shift
v v ¥ 3
Consider Consider MCA Doppler MCA Doppler
thoraco- referral for <1.5 MoMs >1.5 MoMs
amniotic shunt fetal surgery (normal) (elevated)
|
v v v
Maternal Maternal | | Maternal
history of K-B antibody
parvovirus stain screen
exposure
Maternal Positive ~ I !
treatment 4—@& RPR v
with penicillin Any positive
Negative
A 4
- Maternal history Consider cordocentesis
Positive of previous with blood ready for IUT
hydropic offspring | |(confirm parvovirus with PCR
or consanguinity on amniotic fluid at entry)
Negative
A4

Amniocentesis
¢ FISH
» Karyotype culture
* PCR for toxoplasmosis, cytomegalovirus, enterovirus, adenovirus
* Amniotic fluid mucopolysaccharide and neuraminic acid levels
* Cultured amniocytes for B-glucuronidase, B-glucosidase, B-galactosidase

Add cultured amniocyte assays
for enzyme assays for:
* Niemann—Pick A and C
* Wolman
* Faber
* Mucolipidosis Il
» Multiple sulfatase deficiency

A 4

Figure 5.5. Algorithm for the management and treatment of nonimmune hydrops fetalis. FISH,
fluorescent i situ hybridization; IUT, intrauterine transfusion; K-B, Kleihauer-Betke; MCA, middle cere-
bral artery; MoM, multiples of median; PCR, polymerase chain reaction; RPR, rapid plasma reagin; SVT,
supraventricular tachycardia.
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subsequent infection would include fever, arthralgia, and an exanthema on the upper
body; however, as many as one-third of maternal infections are not accompanied
by symptoms. A previous obstetrical history of stillbirth or a hydropic fetus should
lead the investigator to contemplate lysosomal storage diseases. Similarly, a consan-
guineous relationship would also lead one to consider autosomal recessive diseases
as the etiology. If the couple is of far Eastern descent, review of the maternal red cell
mean corpuscular volume (MCV) (<82, abnormal) should lead to an evaluation for
a-thalassemia.

The next step in the diagnostic evaluation usually entails maternal venipuncture.
Tests should include an antibody screen for anti—red cell antibodies, rapid test for
syphilis, and a Kleihauer—Betke test or fetal cell stain by flow cytometry. Maternal
serologies for toxoplasmosis, cytomegalovirus, and parvovirus are often ordered
(toxoplasmosis, rubella, cytomegalovirus, and herpes simplex virus [TORCH]
panel). Unfortunately, these tests can be nonspecifically elevated, and awaiting their
result can lead to a significant delay in treatment.

Amniocentesis is warranted to complete the panel of investigation. Amniotic fluid
samples should be sent for fluorescent in situ hybridization (FISH), computerized
microarray, and polymerase chain reaction (PCR) testing for toxoplasmosis, cytomeg-
alovirus, parvovirus, adenovirus, and enterovirus. Cultured amniocytes can be held in
reserve and later sent to specific laboratories for lysosomal storage disease panels.

PRENATAL TREATMENT. A limited number of cases of NIHF can be treated in
utero; however, these cases are based on an accurate determination of the specific
etiology (see Table 5.1).

A. Parvovirus infection. Parvovirus has been associated with profound fetal anemia
and hydrops fetalis when maternal infection occurs prior to 20 weeks’ gestation
(see Chapter 48). In one series of 1,019 pregnant women with seroconversion,
the risk for fetal hydrops was 3.9%. The MCA Doppler can be used in an anal-
ogous fashion to confirm the anemia when there is an elevated peak systolic
velocity of >1.5 multiples of the median. Although maternal serology (positive
immunoglobulin M [IgM] or new presence of an IgG antibody in a patient that
was previously seronegative) can be used to confirm cases, amniocentesis for
PCR determination of parvovirus can usually be diagnostic in 24 to 48 hours. In
one series, intrauterine transfusion (IUT) of packed red cells was associated with
survival in approximately 85% of cases, whereas those cases with hydrops that
were observed with no intervention universally had a fatal outcome. IUTs have
also proven successful in cases of fetal hydrops secondary to fetomaternal hem-
orrhage. If a recurrent decline in fetal hematocrit is detected due to a persistent
fetomaternal bleed, abandonment of additional transfusions may be warranted.
Fetal a-thalassemia with Bart’s hemoglobin and NIHF has been treated with se-
rial IUTs. Continued transfusion therapy, chelation, and eventual bone marrow
transplant are required after birth due to abnormal hemoglobin production in
these cases.

=

Other infections. Other treatable bacterial, parasitic, and viral infections associ-
ated with NIHF include syphilis, toxoplasmosis, and adenovirus. Fetal infection
with syphilis that results in NIHF can reverse with maternal treatment with
penicillin; however, the overall prognosis due to cerebral complications remains
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high. NIHF related to fetal toxoplasmosis has resolved after maternal adminis-
tration of pyrimethamine, sulfadiazine, and folinic acid with good short-term
neurologic outcome. Adenovirus can cause fetal myocarditis with resulting hy-
drops. Maternal administration of digoxin has been successful in increasing fetal
myocardial function resulting in resolution of the hydrops.

o

Cardiac arrhythmias. Both fetal bradyarrhythmias and tachyarrhythmias have
been associated with fetal hydrops. Ventricular rates of <50 bpm due to structural
cardiac lesions or inflammation secondary to maternal anti-Ro antibodies are not
amenable to therapy. The administration of maternal betamimetics has not been
successful at increasing the fetal heart rate. Attempts at direct fetal pacing have
also failed. Both fetal atrial flutter and supraventricular tachycardia are associated
with NIHE. Maternal administration of digoxin followed by the addition of fle-
cainide or sotalol is usually successful in converting these to a sinus rhythm with
subsequent resolution of NIHE.

Fetal lung lesions. Unilateral pleural effusions (typically a chylothorax) or a large,
predominantly CPAM of the fetal lung represents space-occupying lesions that
can shift the mediastinum to the opposite side of the fetal chest. These lesions
can therefore cause an obstruction to venous return as well as decreased cardiac
output and subsequent development of NIHE In both lesions, thoracoamniotic
shunt placement under ultrasound guidance has been successful in decreasing the
size of the lesion resulting in a return of the mediastinum to its midline position.
Hydrops will usually resolve within several weeks. In solid CCAM lesions with
mediastinal shift and NIHE, maternal steroid administration has resulted in res-
olution of the hydrops. In cases of bronchopulmonary sequestration with NIHE
needle-guided laser therapy to coagulate the arterial feeder vessel has resulted in
resolution of the hydrops.

E. Twin—twin transfusion. The recipient twin can exhibit NIHF in cases of twin—
twin transfusion in up to 7% of cases. Laser photocoagulation of the putative pla-
cental anastomoses can result in complete resolution of the NIHF with an 80%
perinatal survival. Most cases of donor NIHF occur after successful laser therapy.
These cases are thought to be the result of the acute anemia that can occur during
the laser procedure; they are transient and resolve spontaneously.

MATERNAL COMPLICATIONS OF FETAL HYDROPS. Fetal hydrops is often as-
sociated with polyhydramnios leading to such maternal complications as supine
hypotension syndrome, preterm labor, and preterm premature rupture of the mem-
branes. If placental hydrops is significant, an additional life-threatening complication
has been described—Ballantyne’s syndrome (also known as mirror syndrome, triple
edema, and pseudotoxemia). First described in association with hydrops secondary to
maternal Rh alloimmunization in 1892, many subsequent case descriptions have ap-
peared in the literature secondary to NIHF due to a variety of etiologies. In a recent
review of 56 cases published between 1956 and 2009, Braun et al. noted clinical and
laboratory findings similar to those of preeclampsia. However, unlike preeclampsia
where hemoconcentration secondary to a reduced intravascular volume is the rule,
mirror syndrome appears to be routinely associated with an expanded intravascular
volume. Maternal hematocrit and albumin are low with minimal or no loss of uri-
nary protein. Although the pathophysiology is unknown, hyperplacentosis is thought
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to be central to the cause. Reversal of maternal symptoms has been reported with the
resolution of fetal hydrops after 77 utero treatment. Severe maternal complications
have been reported with pulmonary edema in 25% of cases; progression to eclampsia
has also been reported. In these situations, delivery should be undertaken.

DELIVERY CONSIDERATIONS. All efforts should be undertaken to determine the
etiology of NIHF because in many instances, this will determine the chance for
perinatal survival. The maternal condition should also be taken into account because
early signs of mirror syndrome warrant consideration for delivery unless an etiology
for the NIHF can be identified that can be treated with 77 uzero therapy. Findings of
trisomy 18 or severe Ebstein anomaly warrant consultation with the palliative care
team because prolonged survival after birth is unlikely. In cases of idiopathic NIHF,
perinatal mortality rates approach 50%. Collaborative consultation between mater-
nal—fetal medicine (MFM) and neonatology is paramount.

NEONATAL MANAGEMENT OF FETAL HYDROPS

A. Predelivery consultation. Predelivery outpatient prenatal consultation with neo-
natology, pediatric subspecialty services, and perinatal palliative care team should
be considered at tertiary care centers with a fetal medicine service. Prenatal con-
sultations include discussion of postdelivery care of the fetal condition with and
without premature delivery, tour of neonatal intensive care unit, and addressing
specific neonatal questions (resuscitation, hospitalization course, outcomes, and
possible birth plan). Consultation discussions can be added to maternal records
for communication between services and in the event of an emergent delivery
at a later date. Institutions unable to provide the needed level of maternal or
neonatal care should consider a predelivery maternal transfer to a tertiary care
center if possible.

=

Delivery room management. Resuscitation team preparation should occur well
before delivery when possible. Plans for resuscitation should account for the
location and severity of extravascular fluid collections, and assess the need for im-
mediate drainage as part of the initial resuscitation. Large pleural fluid collections
or ascites may severely restrict ventilation of the lungs until adequately drained.
Appropriate equipment and health care personnel with skills in ventilation and
emergency procedures (endotracheal intubation, thoracentesis, paracentesis,
thoracotomy tube placement, umbilical line placement) should be immediately
available in the delivery room (Table 5.3). EXIT procedure (ex-utero intra-
partum treatment procedure or placental circulation resuscitation) gives more
time to stabilize the neonate at birth. Associated fetal health issues may warrant
other subspecialty presence (i.e., pediatric cardiology, pediatric anesthesia) for
management (cardiac arrhythmia, pericardial effusion, abnormal airway) during
resuscitation.

0

Postdelivery management. Management after delivery is focused on treating
the hydrops etiology (if known) and measures to correct abnormalities associated
with hydrops. Patients with heart failure frequently will suffer from respiratory
failure, anemia, hypoproteinemia, metabolic acidosis, hypotension, oliguria,
hypothyroidism, and pulmonary hypertension. Hemodynamic instability is
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Table 5.3. Suggested Hydrops Fetalis Resuscitation Equipment and Personnel

Equipment Personnel
Three thoracentesis/paracentesis kits (one Team leader (neonatologist)
for each side of the chest and one for the
abdomen)
One pericardiocentesis kit (prepare if known A resuscitation team member for each
pericardial effusion) anticipated procedure (minimum
of four)
Two thoracotomy kits (available in the event of | Nursing personnel for code drugs and
pneumothorax during resuscitation) recording (preferably two)
Umbilical catheter setup (one for emergency Respiratory therapist

umbilical venous catheterization)

Normal saline for infusion (avoid 5% albumin) | Consider pediatric subspecialist for

anticipated airway or medical stabi-
lization

Resuscitation medications: Epinephrine (use dry
weight at 50th percentile for gestational age)

Type O, RhD negative blood cross-matched

with mother if severe anemia is suspected

Blood gas syringes

Code medications and code sheet

P

common secondary to rapid fluid shifts secondary to extravascular fluid drainage
and the presence of hypoalbuminemia and hypoproteinemia.

Ventilatory management can be complicated by pulmonary hypoplasia, reaccu-
mulation of pleural fluid and/or ascites, and persistent pulmonary hypertension.
Chest or peritoneal tube placement may be needed to evacuate reaccumulating
fluid in the pleural and peritoneal spaces. Exogenous surfactant administration
should be considered if the infant is premature or there is evidence of surfactant
deficiency disease.

Fluid management should be based on a calculated “dry weight” of the patient
(usually the 50th percentile for the gestational age). Maintenance intravenous
fluids should start at 40 to 60 mL/kg/day of 10% dextrose solution and adjusted
for serum glucose levels. Frequent evaluation of serum electrolytes, urine, and
fluid drainage composition along with total fluid intake and output is necessary
for fluid management. Free water and salt intake should be restricted in the first
few days because these patients have high extravascular salt and water content.
Use of diuretics should be cautious and include frequent electrolyte monitoring.

Hemodynamic management may require use of inotropes to improve cardiac
output. In addition to placement of central venous and arterial lines for mon-
itoring and management, an echocardiogram should be obtained to evaluate
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ventricular function, cardiac filling, and pulmonary pressures. Most hydropic
infants are normovolemic, so care should be taken not to volume overload if there
is evidence of cardiac failure.

G. Hematology management includes evaluation of hematocrit and clotting fac-
tors. Euvolemic partial exchange transfusion should be considered in the anemic
heart failure patient (hematocrit <30%) to improve oxygen-carrying capacity and
increase hematocrit.
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Birth Trauma

Elisa Abdulhayoglu

KEY POINTS

Birth injury is defined as “an impairment of the infant’s body function or structure
due to adverse influences that occurred at birth.”

When fetal size, immaturity, or malpresentation complicate delivery, the normal
intrapartum compressions, and forces can lead to injury in the newborn.

Other risk factors for birth injury include prematurity, instrumental birth, and
certain maternal factors

Shoulder dystocia is a major risk factor for brachial plexus injury

Planned cesarean delivery for breech presentation decreases mortality and morbidity
Posterior fossa subdural hematoma can cause brain stem compression leading to
respiratory compromise and needs close monitoring

Not all birth injuries are avoidable.

A newborn at risk for birth injury should have a thorough examination, including a
detailed neurologic evaluation.

Long-term prognosis for most birth injuries is resolution without permanent injury.

BACKGROUND. Birth injury is defined by the National Vital Statistics Report as “an
impairment of the infant’s body function or structure due to adverse influences that
occurred at birth.” Injury may occur antenatally, intrapartum, or during resuscitation
and may be avoidable or unavoidable. Injuries caused by amniocentesis and intra-
uterine transfusions before birth are not considered birth injuries unlike those from
fetal scalp electrodes and intrapartum heart rate monitoring.

A. Incidence. The birth trauma and injury rate fell from 2.6 per 1,000 live births in
2004 to 1.9 per 1,000 live births in 2012. The reported incidence of birth injuries
is approximately 2% among singleton vaginal deliveries in a cephalic position
versus approximately 1.1% for cesarean deliveries.

=

Risk factors. When fetal size, immaturity, or malpresentation complicates delivery,
the normal intrapartum compressions, contortions, and forces can lead to injury
in the newborn. Obstetric instrumentation may increase the mechanical forces,
amplifying or inducing a birth injury. Breech presentation carries the greatest
risk of injury; however, cesarean delivery without labor does not prevent all birth
injuries. The following factors may contribute to an increased risk of birth injury:

1. Primiparity
2. Small maternal stature
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3. Maternal pelvic anomalies

4. Prolonged or unusually rapid labor

5. Oligohydramnios

6. Malpresentation of the fetus

7. Use of midforceps or vacuum extraction

8. Versions and extraction

9. Very low birth weight or extreme prematurity
10. Fetal macrosomia or large fetal head
11. Fetal anomalies
12. Maternal obesity—body mass index >40 kg/m?

C. Evaluation. A newborn at risk for birth injury should have a thorough examina-
tion, including a detailed neurologic evaluation. Newborns who require resusci-
tation after birth should be evaluated because an occult injury may be present.
Particular attention should be paid to symmetry of structure and function, cranial
nerves, range of motion of individual joints, and integrity of the scalp and skin.

Il. TYPES OF BIRTH TRAUMA. Table 6.1 lists the birth injuries associated with various

risk factors.
A. Head and neck injuries

1. Injuries associated with intrapartum fetal monitoring. Placement of an
electrode on the fetal scalp or presenting part for fetal heart monitoring oc-
casionally causes superficial abrasions or lacerations. These injuries require
minimal local treatment, if any. Facial or ocular trauma may result from a
malpositioned electrode. Abscesses rarely form at the electrode site.

Table 6.1. Risk Factors for Birth Trauma and Associated Injury

Risk Factors Related Injuries

Forceps delivery Facial nerve injuries

Vacuum extraction Depressed skull fracture, subgaleal hemorrhage
Forceps/vacuum Cephalohematoma, intracranial hemorrhage, shoul-

der dystocia, retinal hemorrhages

Breech presentation Brachial plexus palsy, intracranial hemorrhage,
gluteal lacerations, long bone fractures

Macrosomia Shoulder dystocia, clavicle and rib fractures, cepha-
lohematoma, caput succedaneum

Abnormal presentation (face, Excessive bruising, retinal hemorrhage, lacerations
brow, transverse, compound)

Precipitous delivery Bruising, intracranial and extracranial hemorrhage,
retinal hemorrhage

Adapted from: Akangire G, Carter B. Birth injuries in neonates. Pediatr Rev 2016;37(11):451-462.
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2. Extracranial hemorrhage

a. Caput succedaneum

i

ii.

iii.

Caput succedaneum is a commonly occurring subcutaneous, extrape-
riosteal fluid collection that is occasionally hemorrhagic. It has poorly
defined margins and can extend over the midline and across suture
lines. It typically extends over the presenting portion of the scalp and is
usually associated with molding.

The lesion usually resolves spontaneously without sequelae over the
first several days after birth. It rarely causes significant blood loss or
jaundice. There are rare reports of scalp necrosis with scarring.

Vacuum caput is a caput succedaneum with margins well demarcated
by the vacuum cup.

b. Cephalohematoma

i

11.

A cephalohematoma is a subperiosteal collection of blood resulting
from rupture of the superficial veins between the skull and the perios-
teum. The lesion is always confined by suture lines and does not cross
the midline although can be bilateral over occipital or parietal region.
It may occur in as many as 2.0% of all live births. It is more commonly
seen in instrumented deliveries.

An extensive cephalohematoma can result in significant hyperbiliru-
binemia. Hemorrhage is rarely serious enough to necessitate blood
transfusion. Infection is also a rare complication and usually occurs in
association with septicemia and meningitis. It may even cause erosion
of the underlying bone with osteomyelitis and accompanying extradu-
ral empyema. Skull fractures have been associated with 5% of ceph-
alohematomas. Head magnetic resonance imaging (MRI) should be
obtained if neurologic symptoms are present. Most cephalohematomas
resolve within 8 weeks. Occasionally, they calcify and persist for several
months or years.

Management is limited to observation in most cases. Incision and as-
piration of a cephalohematoma may introduce infection and is contra-
indicated. Anemia, hyperbilirubinemia, or secondary infection should
be treated as needed.

c. Subgaleal hematoma

i

ii.

Subgaleal hematoma is hemorrhage under the aponeurosis of the scalp.
It is more often seen after vacuum- or forceps-assisted deliveries.

Because the subgaleal or subaponeurotic space extends from the orbital
ridges to the nape of the neck and laterally to the ears, the hemorrhage
can spread across the entire calvarium without anatomic tamponade.
A 1-cm increase in the depth of subgaleal space may hold up to 260 mL
of blood.

The clinical picture may be progressive and hence demands frequent
reassessments (Table 6.2). The initial presentation ranges from no
signs at birth, just a fluctuant swelling on the scalp, to a slow insidious
onset or sometimes a rapidly progressive pallor and shock. The time to
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Table 6.2. Management of Subgaleal Hemorrhage

1. | Anticipate a 40-mL blood loss for every 1-cm increase in occipitofrontal
circumference
2. Monitor urinary output and signs of shock
Monitor serial hematocrit and evaluate for coagulopathy
4, Transfuse packed red cells if the baby is in shock or has severe anemia, fresh frozen

plasma (or cryoprecipitate) or platelets may be required in specific coagulation
disorders.

Adapted from: Akangire G, Carter B. Birth injuries in neonates. Pediatr Rev 2016;37(11)451-462.

iv.

vi.

diagnosis is usually 1 to 6 hours after birth. With progressive spread,
there is anterior displacement of the ears, periorbital swelling, and ec-
chymosis of the scalp. Rising lactate, low hemoglobin, and prolonged
international normalized ratio (INR) are the indicators of progressing
shock and impending circulatory collapse. The blood is resorbed slowly,
and swelling gradually resolves. The mortality rate can range from 12%
to 14%. Death is attributed to significant volume loss, resulting in
hypovolemic shock and coagulopathy.

There is no specific therapy. The infant must be observed closely for
signs of hypovolemia, and blood volume should be maintained as
needed with transfusions. Hourly monitoring of head circumference
is required to identify infants with progression of bleed. Phototherapy
should be provided for hyperbilirubinemia. An investigation for a
bleeding disorder should be considered, especially if it occurs in nonin-
strumental deliveries. Surgical drainage should be considered only for
unremitting clinical deterioration. A subgaleal hematoma associated
with skin abrasions may become infected; it should be treated with
antibiotics and may need drainage.

. Presence of encephalopathy is an indicator of poor outcome.

The Royal Australian and New Zealand College of Obstetricians and
Gynaecologists (RANZCOG) in 2009 issued a position statement with
recommendations for appropriate vacuum extraction techniques to
minimize the risk of subgaleal hemorrhage with regards to patient selec-
tion, appropriate techniques for vacuum extraction, and stratification
of at-risk neonates for further observations.

3. Intracranial hemorrhage as a consequence of birth injury include subdural,
subarachnoid, epidural, intraventricular hemorrhages, and less frequently,
intracerebral and intracerebellar hemorrhages. See Chapter 54.

4. Skull fracture

a. Skull fractures may be either linear, usually involving the parietal bone, or
depressed, involving the parietal or frontal bones. The latter is often asso-
ciated with forceps use. Occipital bone fractures are most often associated
with breech deliveries.
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b. Most infants with linear or depressed skull fractures are asymptomatic
unless there is an associated intracranial hemorrhage (e.g., subdural or sub-
arachnoid hemorrhage). Occipital osteodiastasis is a separation of the basal
and squamous portions of the occipital bone that often results in cerebellar
contusion and significant hemorrhage. It may be a lethal complication in
breech deliveries. A linear fracture that is associated with a dural tear may
lead to herniation of the meninges and brain, with the development of a
leptomeningeal cyst.

o

Uncomplicated linear fractures usually require no therapy. The diagnosis is
made by a radiograph of the skull. Head MRI should be obtained if intra-
cranial injury is suspected or if neurologic symptoms develop. Depressed
skull fractures require neurosurgical evaluation. Some may be elevated
using closed techniques. Comminuted or large skull fractures associated
with neurologic findings need immediate neurosurgical evaluation. If leak-
age of cerebrospinal fluid from the nares or ears is noted, antibiotic therapy
should be started and neurosurgical consultation obtained. Follow-up
imaging should be performed at 8 to 12 weeks to evaluate possible lep-
tomeningeal cyst formation.

5. Facial or mandibular fractures

a. Facial fractures can be caused by numerous forces including natural pas-
sage through the birth canal, forceps use, or delivery of the head in breech
presentation.

b. Fractures of the mandible, maxilla, and lacrimal bones warrant immediate
attention. They may present as facial asymmetry with ecchymoses, edema,
and crepitus or respiratory distress with poor feeding. Untreated fractures
can lead to facial deformities with subsequent malocclusion and masti-
cation difficulties. Treatment should begin promptly because maxillary
and lacrimal fractures begin to heal within 7 to 10 days, and mandibular
fractures start to repair within 10 to 14 days. Treated fractures usually heal
without complication.

c. Airway patency should be closely monitored. A plastic surgeon or otorhi-
nolaryngologist should be consulted and appropriate radiographic studies
obtained. Head computed tomography (CT) scan or MRI may be neces-
sary to evaluate for retro-orbital or cribriform plate disruption. Antibiotics
should be administered for fractures involving the sinuses or middle ear.

6. Nasal injuries

a. Nasal fracture and dislocation may occur during the birth process. The
most frequent nasal injury is dislocation of the nasal cartilage, which may
result from pressure exerted on the maternal symphysis pubis or sacral
promontory. The reported prevalence of dislocation is <1%.

b. Infants with significant nasal trauma may develop respiratory distress.
Similar to facial fractures, nasal fractures begin to heal in 7 to 10 days and
must be treated promptly. Rapid healing usually occurs once treatment is
initiated. If treatment is delayed, deformities are common.

c. A misshapen nose may appear dislocated. To differentiate dislocation
from a temporary deformation, compress the tip of the nose. With septal
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dislocation, the nares collapse and the deviated septum is more apparent.
With a misshapen nose, no nasal deviation occurs. Nasal edema from re-
peated suctioning may mimic partial obstruction. Patency can be assessed
with a cotton wisp under the nares. Management involves protection of the
airway and otorhinolaryngology consultation.

If nasal dislocations are left untreated, there is an increased risk of long-
term septal deformity.

7. Ocular injuries

a.

g

C.

Retinal and subconjunctival hemorrhages are commonly seen after vaginal
delivery. They result from increased venous congestion and pressure during
delivery. Malpositioned forceps can result in ocular and periorbital injury
including hyphema, vitreous hemorrhage, lacerations, orbital fracture, lac-
rimal duct or gland injury, and disruption of Descemet’s membrane of the
cornea (which can lead to astigmatism and amblyopia). Significant ocular
trauma occurs in <0.5% of all deliveries. There is a high risk of visual im-
pairment if there is an associated optic nerve injury.

Retinal hemorrhages usually resolve within 1 to 5 days. Subconjunctival
hemorrhages resorb within 1 to 2 weeks. No long-term complications usu-
ally occur. For other ocular injuries, prompt diagnosis and treatment are
necessary to ensure a good long-term outcome.

Management. Prompt ophthalmologic consultation should be obtained.

8. Ear injuries

a.

b

C.

.

Ears are susceptible to injury, particularly with forceps application. More
significant injuries occur with fetal malposition. Abrasions, hematomas,
and lacerations may develop.

Abrasions generally heal well with local care. Hematomas of the pinna
may lead to the development of a “cauliflower” ear. Lacerations may result
in perichondritis. Temporal bone injury can lead to middle and inner ear
complications, such as hemotympanum and ossicular disarticulation.

Hematomas of the pinna should be drained to prevent clot organization
and development of cauliflower ear. If the cartilage and temporal bone are
involved, an otolaryngologist should be consulted. Antibiotic therapy may
be required.

9. Sternocleidomastoid (SCM) injury

a.

SCM injury is also referred to as congenital or muscular torticollis. The
etiology is uncertain. The most likely cause is a muscle compartment
syndrome resulting from intrauterine positioning. Torticollis can also arise
during delivery as the muscle is hyperextended and ruptured, with the
development of a hematoma and subsequent fibrosis and shortening, hence
also called fibromatosis colli (sternocleidomastoid tumour of infancy).

Torticollis may present at birth with a palpable 1- to 2-cm mass in the SCM
region and head tilt to the side of the lesion. More often, it is noted at 1 to
4 weeks of age. Facial asymmetry may be present along with hemihypopla-
sia on the side of the lesion. Prompt treatment may lessen or correct the
torticollis.
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Other conditions may mimic congenital torticollis and should be ruled out.
These include cervical vertebral anomalies, hemangioma, lymphangioma,
and teratoma.

Ultrasound shows fusiform enlargement and heterogeneous echogenicity
(“masslike”) of the affected SCM muscle. Fine needle aspiration cytology is
recommended if other differential diagnoses are considered, demonstrating
bland-appearing fibroblasts, degenerative, atrophic skeletal muscle, and
muscle giant cells without inflammatory cells.

Treatment is initially conservative. Stretching of the involved muscle should
begin promptly and be performed several times per day. Recovery typically
occurs within 3 to 4 months in approximately 80% of cases. Surgery is
needed if torticollis persists after 6 months of physiotherapy. Botulinum
toxin injection is also rarely considered.

In up to 10% of patients with congenital torticollis, congenital hip dys-
plasia may be present. A careful hip examination is warranted with further
evaluation as indicated.

10. Pharyngeal injury

a.

&

o

11

a.
b.

C.

d.

€.

Minor submucosal pharyngeal injuries can occur with postpartum bulb
suctioning. More serious injury, such as perforation into the mediastinal or
pleural cavity, may result from nasogastric or endotracheal tube placement.
Affected infants may have copious secretions and difficulty swallowing, and
it may be difficult to advance a nasogastric tube.

Mild submucosal injuries typically heal without complication. More exten-
sive trauma requires prompt diagnosis and treatment for complete resolution.

The diagnosis of a retropharyngeal tear is made radiographically using
water-soluble contrast material. Infants are treated with broad-spectrum
antibiotics, and oral feedings are usually withheld for 2 weeks. The con-
trast study may be repeated to confirm healing before feeding is restarted.
Infants with pleural effusions may require chest tube placement. Surgical
consultation is obtained if the leak persists or the perforation is large.

Tracheal injuries

Tracheal rupture can be anterior subglottic or distal tracheal.
This rare and potentially fatal entity can occur in a difficult delivery.

It should be suspected in neonates who develop subcutaneous emphysema,
pneumothorax, and pneumomediastinum shortly after birth.

Bronchoscopy should be performed to confirm the diagnosis.

Management is mostly conservative; open surgical repair is undertaken if
necessary, especially in cases of distal tracheal rupture.

B. Cranial nerve, spinal cord, and peripheral nerve injuries

1. Cranial nerve injuries

a.

Facial nerve injury (cranial nerve VII)

i. Injury to the facial nerve is the most common cranial nerve injury in
neonates, occurring in up to 1% of live births. The exact incidence is
unknown, as many cases are subtle and resolve readily. The etiology
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ii.

ii.

iv.

includes compression of the facial nerve by forceps (particularly mid-
forceps), pressure on the nerve secondary to the fetal face lying against
the maternal sacral promontory, or, rarely, pressure of a uterine mass

(e.g., fibroid).
Facial nerve injury results in asymmetric crying facies.

a) Central facial nerve injury occurs less frequently than peripheral
nerve injury. Paralysis is limited to the lower half to two-thirds of the
contralateral side, which is smooth with no nasolabial fold present.
The corner of the mouth droops. Movement of the forehead and
eyelid is unaffected.

b) Peripheral facial nerve injury involves the entire side of the face
and is consistent with a lower motor neuron injury. The nasolabial
fold is flattened and the mouth droops on the affected side. The in-
fant is unable to wrinkle the forehead and close the eye completely.
The tongue is not involved.

¢) Peripheral nerve branch injury results in paralysis that is limited
to only one group of facial muscles: the forehead, eyelid, or mouth.

Differential diagnosis includes Mébius syndrome (nuclear agenesis),
intracranial hemorrhage, congenital hypoplasia of the depressor anguli
oris muscle, and congenital absence of facial muscles or nerve branches.

The prognosis of acquired facial nerve injury is excellent, with recovery
usually complete by 3 weeks. Initial management is directed at preven-
tion of corneal injuries by using artificial tears and protecting the open
eye by patching. Electromyography may be helpful to predict recovery
or potential residual effects. Full recovery is most likely.

b. Recurrent laryngeal nerve injury

i.

ii.

ii.

iv.

Unilateral abductor paralysis may be caused by recurrent laryngeal
injury secondary to excessive traction on the fetal head during breech
delivery or lateral traction on the head with forceps. The left recurrent
laryngeal nerve is involved more often because of its longer course.
Bilateral recurrent laryngeal nerve injury can be caused by trauma but
is usually due to hypoxia or brainstem hemorrhage.

A neonate with unilateral abductor paralysis is often asymptomatic at
rest but has hoarseness and inspiratory stridor with crying. Unilateral
injury is occasionally associated with hypoglossal nerve injury and
presents with difficulty with feedings and secretions. Bilateral paralysis
usually results in stridor, severe respiratory distress, and cyanosis.

Differential diagnosis of symptoms similar to unilateral injury includes
congenital laryngeal malformations. Particularly with bilateral paralysis,
intrinsic central nervous system (CNS) malformations must be ruled
out, including Chiari malformation and hydrocephalus. If there is
no history of birth trauma, cardiovascular anomalies and mediastinal
masses should be considered.

The diagnosis can be made using direct or flexible fiberoptic laryngos-
copy. A modified barium swallow and speech pathology consultation
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may be helpful to optimize feeding. Unilateral injury usually resolves by
6 weeks of age without intervention and treatment. Bilateral paralysis
has a variable prognosis; tracheostomy may be required.

2. Spinal cord injuries

a.

o

Vaginal delivery of an infant with a hyperextended head or neck, breech
delivery, and severe shoulder dystocia are risk factors for spinal cord injury.
However, significant spinal cord injuries are rare with a prevalence rate of
<0.2 per 10,000 live births. Injuries include spinal epidural hematomas,
vertebral artery injuries, traumatic cervical hematomyelia, spinal artery
occlusion, and transection of the cord.

Spinal cord injury presents in four ways:

i. Some infants with severe high cervical or brainstem injury present as
stillborn or in poor condition at birth, with respiratory depression,
shock, and hypothermia. Death generally occurs within hours of birth.

ii. Infants with an upper or midcervical injury present with central respira-
tory depression. They have lower extremity paralysis, absent deep tendon
reflexes and sensation in the lower half of the body, urinary retention,
and constipation. Bilateral brachial plexus injury may be present.

iii. Injury at the seventh cervical vertebra or lower may be reversible.
However, permanent neurologic complications may result, including
muscle atrophy, contractures, bony deformities, and constant micturition.

iv. Partial spinal injury or spinal artery occlusions may result in subtle
neurologic signs and spasticity.

Differential diagnosis includes amyotonia congenita, myelodysplasia asso-
ciated with spina bifida occulta, spinal cord tumors, and cerebral hypotonia.

The prognosis depends on the severity and location of the injury. If a spi-
nal injury is suspected at birth, efforts should focus on resuscitation and
prevention of further damage. The head, neck, and spine should be im-
mobilized. Neurology and neurosurgical consultations should be obtained.
Careful and repeated examinations are necessary to help predict long-term
outcome. Cervical spine radiographs, CT scan, and MRI may be helpful.

3. Cervical nerve root injuries

a.

Phrenic nerve injury (C3, C4, or C5)

i. Phrenic nerve damage leading to paralysis of the ipsilateral diaphragm
may result from a stretch injury due to lateral hyperextension of the
neck at birth. Risk factors include breech and difficult forceps deliv-
eries. Occasionally, chest tube insertion or surgery injures this nerve.
Injury to the nerve is thought to occur where it crosses the brachial
plexus. Therefore, approximately 75% of patients also have brachial
plexus injury.

ii. Respiratory distress and cyanosis are often seen. Some infants present
with persistent tachypnea. There may be decreased movement of the
affected hemithorax. Chest radiographs may show elevation of the af-
fected diaphragm, although this may not be apparent if the infant is on
continuous positive airway pressure (CPAP) or mechanical ventilation.
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ii.

iv.

If the infant is breathing spontaneously and not on CPAP, increasing
atelectasis may develop. The diagnosis is confirmed by ultrasonography
or fluoroscopy that shows paradoxical (upward) movement of the dia-
phragm with inspiration.

Differential diagnosis includes cardiac, pulmonary, and other neuro-
logic causes of respiratory distress. These can usually be evaluated by
a careful examination and appropriate imaging. Congenital absence of
the nerve is rare.

The initial treatment is supportive. CPAP or mechanical ventilation
may be needed, with airway care to avoid atelectasis and pneumonia.
Most infants recover in 1 to 3 months without permanent sequelae.
Diaphragmatic plication is considered in refractory cases. Phrenic nerve
pacing is possible for bilateral paralysis.

b. Brachial plexus injury

i.

ii.

iii.

iv.

The incidence of brachial plexus injury is 1.5 per 1,000 live births in
the United States. The cause is excessive traction on the head, neck, and
arm during birth. Risk factors include macrosomia, shoulder dystocia,
malpresentation, and instrumental deliveries. Injury usually involves
the nerve root, especially where the roots come together to form the
nerve trunks of the plexus.

Duchenne-Erb palsy involves the upper trunks (C5, C6, and occa-
sionally C7) and is the most common type of brachial plexus injury,
accounting for approximately 90% of cases. Total brachial plexus palsy
occurs in some cases and involves all roots from C5 to T1. Klumpke
palsy involves C7/C8-T1 and is the least common.

Duchenne-Erb palsy. The arm is typically adducted and internally
rotated at the shoulder. There is extension and pronation at the elbow
and flexion of the wrist and fingers in the characteristic “waiter’s tip”
posture. The deltoid, infraspinatus, biceps, supinator, and brachiora-
dialis muscles, and the extensors of the wrist and fingers may be weak
or paralyzed. The Moro, biceps, and radial reflexes are absent on the
affected side. The grasp reflex is intact. Sensation is variably affected.
Diaphragm paralysis occurs in 5% of cases.

Total brachial plexus injury accounts for approximately 10% of
all cases. The entire arm is flaccid. All reflexes, including grasp and
sensation, are absent. If sympathetic fibers are injured at T1, Horner’s
syndrome may be seen.

. Klumpke palsy is the rarest of the palsies, accounting for <1% of

brachial plexus injuries. The lower arm paralysis affects the intrinsic
muscles of the hand and the long flexors of the wrist and fingers. The
grasp reflex is absent. However, the biceps and radial reflexes are pres-
ent. There is sensory impairment on the ulnar side of the forearm and
hand. Because the first thoracic root is usually injured, its sympathetic
fibers are damaged, leading to an ipsilateral Horner’s syndrome.

a) Differential diagnosis includes a cerebral injury, which usually
has other associated CNS symptoms. Injury of the clavicle, upper
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humerus, and lower cervical spine may mimic a brachial plexus
injury. Generally, infants “self-splint,” holding the affected arm in a
comfortable position.

b) The diagnosis of brachial plexus injury is clinical. Radiographs of
the shoulder and upper arm should be performed to rule out bony
injury. The chest should be examined to detect diaphragm paralysis.
Initial treatment is conservative. Physical therapy and passive range
of motion exercises prevent contractures. These should be started at
7 to 10 days when the postinjury neuritis has resolved. “Statue of
Liberty” splinting should be avoided, as contractures in the shoulder
girdle may develop. Wrist and digit splints may be useful.

©) The severity of BPI ranges from least (neuropraxia: permitting
complete prompt recovery) to intermediate (axonotmesis: allowing
gradual recovery) to severe, with avulsion of the roots from the
spinal cord causing permanent injury (neurotmesis). The Gilbert
and Tassin/Narakas classification scheme (Table 6.3) can be used to
grade the severity and prognosticate recovery, which varies with the
extent of injury. If the nerve roots are intact and not avulsed, the
prognosis for full recovery is excellent (>90%). Other predictors of
outcome (at birth) include induction of labor, birth weight, clavicle
fracture, Horner’s syndrome, and pseudo meningocele on imag-
ing. Notable clinical improvement in the first 2 weeks after birth
indicates that normal or near-normal function will return. Most
infants recover fully by 3 months of age. In those with slow recovery,
electromyography and nerve conduction studies may distinguish an
avulsion from a stretch injury. Surgery has most commonly been

Table 6.3. Narakas Classification of Obstetric Brachial Plexus Injury
Name Weakness/Paralysis | Likely Outcome Roots Impaired
Upper Erbs | Shoulder abduction Good Cs, Co
External rotation 80% spontaneous recovery
Elbow flexion
Extended As above + Good Cs, Co, C7
Erb’s drop wrist 60% spontaneous recovery
Total palsy Complete flaccid Good spontaneous recov- Cs, Co, C7, C8,
with no paralysis ery of the shoulder and | T1
Horner’s elbow in 30%-50% of
syndrome cases.
A functional hand may be
seen in many patients
Total palsy Complete flaccid pa- | The worst outcome. C5, Co6, C7, C8,
with ralysis + Horner’s Without surgery, severe | T1
Horner’s syndrome defects throughout the
syndrome limb are expected
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recommended when there is a lack of biceps function ar 3 months of
age. Nerve reconstruction, (nerve graft repair and nerve transfer), is
generally undertaken beyond age 6 months. Botulinum toxin has
been used in older infants with contractures. Initial pain manage-
ment is important for affected neonates.

d) Management: There is a significant change in management of
Brachial plexus injuries of newborn in favor of early mobilization
and referral by 1 month age in absence of recovery. Passive range of
movements, promoting functional use, and strengthening of affected
muscles must start early. Therapeutic methods include stretching,
splinting, and targeted strengthening. There is insufficient evidence
for therapeutic taping, electric stimulation, and desensitization. Co-
morbidities include torticollis, speech delay and chronic pain mani-
festing as self-mutilation and biting of affected extremity.

If the recovery is not complete by 1 month, the infant should be
referred to a specialist team. At 3 months age, elbow flexion and ex-
tension; wrist, thumb extension are evaluated by movement against
gravity and with gravity eliminated (in a horizontal plane, across a
table top). An objective score (University of Toronto score) has good
predictive ability in selecting babies for surgery at 3 months age. The
infants with milder injury not requiring surgery are evaluated again
at 9 moths age (“cookies test”).

C. Bone injuries

1. Clavicle fracture. Clavicle is the most injured bone during delivery, occurring

in

up to 2% of newborns. Many clavicular fractures are not identified until

after discharge from the hospital.

a.

[~

.

C.

d.

These fractures are seen in vertex presentations with shoulder dystocia or in
breech deliveries when the arms are extended. Macrosomia is a risk factor.

A greenstick or incomplete fracture may be asymptomatic at birth. The first
clinical sign may be a callus at 7 to 10 days of age. Signs of a complete frac-
ture include crepitus, palpable bony irregularity, and spasm of the SCM.
The affected arm may have a pseudoparalysis because motion causes pain.

Differential diagnosis includes fracture of the humerus or a brachial plexus
palsy.

A clavicle fracture is confirmed by radiograph. If the arm movement is de-
creased, the cervical spine, brachial plexus, and humerus should be assessed.
Therapy should be directed at decreasing pain with analgesics. The infant’s
sleeve may be pinned to the shirt to limit movement undil the callus begins
to form. Complete healing is expected.

2. Long bone injuries

a.

Humerus fractures have a prevalence of 0.05 per 1,000 live births.

i. Humerus fractures typically occur during a difficult delivery of the arms
in the breech presentation and/or of the shoulders in vertex. Direct
pressure on the humerus may also result in fracture.
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ii. A greenstick fracture may not be noted until the callus forms. The
first sign is typically loss of spontaneous arm movement, followed by
swelling and pain on passive motion. A complete fracture with dis-
placed fragments presents as an obvious deformity. X-ray confirms the
diagnosis.

iii. Differential diagnosis includes clavicular fracture and brachial plexus
injury.

iv. The prognosis is excellent with complete healing expected. Pain should
be treated with analgesics.

a) A fractured humerus usually requires splinting for 2 weeks.
Displaced fractures require closed reduction and casting. Radial
nerve injury may be seen.

b) Epiphyscal displacement occurs when the humeral epiphysis sepa-
rates at the hypertrophied cartilaginous layer of the growth plate.
Severe displacement may result in significant compromise of
growth. The diagnosis can be confirmed by u/trasonography because
the epiphysis is not ossified at birth. Therapy includes immobiliza-
tion of the limb for 10 to 14 days.

b. Femur fractures have a prevalence of 0.17 per 1,000 live births.

i. Femoral fractures usually follow a breech delivery. Infants with congeni-
tal hypotonia are at an increased risk. It can happen with cesarean births
due to the limited space available for maneuvering.

ii. Most common is spiral fracture involving the femoral shaft; rarely
transphyseal fracture through the distal femur is also reported.

iii. Physical examination usually reveals an obvious deformity of the thigh.
In some cases, the injury may not be noted for a few days until swelling,
decreased movement, or pain with palpation develops. The diagnosis is
confirmed by x-ray.

iv. Complete healing without limb shortening is expected.

a) Fractures, even if unilateral, should be treated with splinting and
immobilization using a spica cast or Pavlik harness.

b) Femoral epiphyseal separation may be misinterpreted as develop-
mental dysplasia of the hip because the epiphysis is not ossified
at birth. Pain and tenderness with palpation are more likely with
epiphyseal separation than dislocation. The diagnosis is confirmed
by ultrasonography. Therapy includes limb immobilization for 10 to
14 days and analgesics for pain.

D. Intra-abdominal injuries. Intra-abdominal birth trauma is uncommon.
1. Hepatic injury

a. The liver is the most commonly injured solid organ during birth.
Macrosomia, hepatomegaly, and breech presentation are risk factors for
hepatic hematoma and/or rupture. The etiology is thought to be direct
pressure on the liver.
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b. Subcapsular hematomas are generally not symptomatic at birth. Nonspecific
signs of blood loss such as poor feeding, pallor, tachypnea, tachycardia, and
onset of jaundice develop during the first 1 to 3 days after birth. Serial
hematocrits may suggest blood loss. Rupture of the hematoma through
the capsule results in discoloration of the abdominal wall and circulatory
collapse with shock.

c. Differential diagnosis includes trauma to other intra-abdominal organs.

d. Management includes restoration of blood volume, correction of coagula-
tion disturbances, and surgical consultation for probable laparotomy. Early
diagnosis and correction of volume loss increase survival.

Splenic injury
a. Risk factors for splenic injury include macrosomia, breech delivery, and
splenomegaly (e.g., congenital syphilis, erythroblastosis fetalis).

b. Signs are similar to those of hepatic rupture. A mass is sometimes palpable
in the left upper quadrant, and the stomach bubble may be displaced me-
dially on an abdominal radiograph.

c. Differential diagnosis includes injury to other abdominal organs.

d. Management includes volume replacement and correction of coagulation
disorders. Surgical consultation should be obtained. Expectant manage-
ment with close observation is appropriate if the bleeding has stopped and
the patient has stabilized. If laparotomy is necessary, salvage of the spleen is
attempted to minimize the compromise to immunity in future.

Adrenal hemorrhage

a. The relatively large size of the adrenal gland in the newborn predisposes
it to injury. Risk factors are breech presentation and macrosomia. Ninety
percent of adrenal hemorrhages are unilateral; 75% occur on the right.
Incidence is 0.2% of neonates.

b. Findings on physical examination depend on the extent of hemorrhage.
Classic signs include fever, flank mass, purpura, and pallor. Adrenal insuffi-
ciency may present with poor feeding, vomiting, irritability, listlessness, and
shock. The diagnosis is made with abdominal ultrasound.

Differential diagnosis includes other abdominal trauma. If a flank mass is
palpable, neuroblastoma and Wilms’ tumor should be considered.

o

d. Treatment includes blood volume replacement. Adrenal insufficiency may
require steroid therapy. Extensive bleeding that requires surgical interven-
tion is rare.

E. Soft-tissue injuries

1.

Petechiae and ecchymoses are commonly seen in newborns. Petechiae are
seen when there is a tight nuchal cord, precipitous delivery, or breech presen-
tation causing a sudden increase in venous pressure that can lead to pinpoint
capillary rupture in the affected areas. The birth history, location of lesions,
their early appearance without development of new lesions, and the absence
of bleeding from other sites help differentiate petechiae and ecchymoses
secondary to birth trauma from those caused by a vasculitis or coagulation
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disorder. If the etiology is uncertain, studies to rule out coagulopathies and
infection should be performed. Most petechiae and ecchymoses resolve within
1 week. If bruising is excessive, jaundice and anemia may develop. Treatment
is supportive.

2. Lacerations and abrasions may be secondary to scalp electrodes and fetal
scalp blood sampling or injury during birth. Deep wounds (e.g., scalpel
injuries during cesarean section) may require sutures. Infection is a risk, partic-
ularly with scalp lesions and an underlying caput succedaneum or hematoma.
Treatment includes cleansing the wound and close observation.

3. Subcutaneous fat necrosis is not usually recognized at birth. It is caused
by panniculitis secondary to focal pressure and ischemia to the adipose tissue
within the subcutaneous space during the birth process. It usually presents
during the first 2 weeks after birth as sharply demarcated, irregularly shaped,
firm, nonpitting subcutaneous plaques or nodules on the extremities, face,
trunk, or buttocks. The injury may be colorless or have a deep red or purple
discoloration. Calcification may occur. Affected infant needs to be followed
up for hypercalcemia, which may manifest even up to 6 months from the
onset of the initial lesion. No treatment is necessary. Lesions typically resolve
completely over several weeks to months.
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The High-Risk Newborn:
Anticipation, Evaluation,
Management, and Outcome

_ Vincent C. Smith

KEY POINTS

Certain maternal, placental, or fetal conditions are associated with a high risk to
newborns; hence, providers must be prepared to stabilize and manage these infants.

Providers must ascertain the gestational age (GA) to properly contextualize the risk.

Providers should be aware of the risk factors such as pre- and post-term birth, small
for gestational age (SGA), and large for gestational age (LGA), all of which have asso-
ciated clinical management challenges.

The placenta should be saved in all cases of high-risk delivery.

HIGH-RISK NEWBORNS are often associated with certain maternal, placental, or
fetal conditions; when one or more are present, nursery staff should be aware and
prepared for possible difficulties. The placenta should be saved in all cases of high-
risk delivery, including cases that involve transfer from the birth hospital because an
elusive diagnosis such as toxoplasmosis may be made on the basis of placental pathol-
ogy. The following factors are associated with a high risk to newborns:

A. Maternal characteristics and associated risk for fetus or neonate
1. Age at delivery

a. Over 40 years. Chromosomal abnormalities, macrosomia, intrauterine
growth restriction (IUGR), blood loss (abruption or previa)

b. Under 16 years. [UGR, preterm birth, child abuse/neglect (mother herself
may be abused)

2. Personal factors
a. Poverty. Preterm birth, IUGR, infection
b. Smoking. Increased perinatal mortality, [UGR

c. Drug/alcohol use. IUGR, fetal alcohol syndrome, withdrawal syndrome,
sudden infant death syndrome, child abuse/neglect

d. Poor diet. Mild IUGR to fetal demise in severe malnutrition
e. Trauma (acute, chronic). Fetal demise, abruptio placentae, preterm birth
3. Medical conditions and risk to fetus

a. Diabetes mellitus. Stillbirth, macrosomia/birth injury/IUGR in advanced
stages with vascular insufficiency, respiratory distress syndrome (RDS),
hypoglycemia, congenital anomalies
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. Thyroid disease. Goiter, hypothyroidism, hyperthyroidism (see Chapter 61)
. Renal disease. Stillbirth, IUGR, preterm birth

. Urinary tract infection. Preterm birth, sepsis

(]
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e. Heart and/or lung disease. Stillbirch, [UGR, preterm birth

f. Hypertension (chronic or pregnancy-related). Stillbirth, IUGR, preterm
birth, asphyxia, polycythemia, thrombocytopenia, leukopenia

g. Anemia. Stillbirth, IUGR, hydrops, preterm birth, asphyxia
h. Isoimmunization (red cell antigens). Stillbirth, hydrops, anemia, jaundice

i. Thrombocytopenia, including alloimmunization (platelet antigens).
Stillbirth, bleeding including intracranial hemorrhage (ICH)

. Obstetric history

a. Past history of infant with preterm birth, jaundice, RDS, or anomalies.
Same with current pregnancy

-

. Maternal medications (see Appendices A and B)
. Bleeding. Stillbirth, preterm birth, anemia

e o

. Hyperthermia. Fetal demise, fetal anomalies
e. Premature rupture of membranes. Infection/sepsis

f. Toxoplasmosis, other, rubella, cytomegalovirus, and herpes simplex
(TORCH) infections (see Chapter 48)

B. Fetal characteristics and associated risk to neonate

1.

Multiple gestation. IUGR, twin—twin transfusion syndrome, preterm birth,
asphyxia, birth trauma

. JUGR. Fetal demise, genetic abnormalities, congenital anomalies, asphyxia,

hypoglycemia, polycythemia

. LGA and/or macrosomia. Congenital anomalies, birth trauma, hypoglycemia

. Abnormal fetal position/presentation. Congenital anomalies, birth trauma,

hemorrhage

. Abnormality of fetal heart rate or rhythm. Congestive heart failure, heart

block, hydrops, asphyxia

. Decreased activity. Fetal demise, neurologic abnormalities, asphyxia

7. Polyhydramnios. Anencephaly, other central nervous system (CNS) disor-

ders, neuromuscular disorders, problems with swallowing (e.g., esophageal
atresia, agnathia, any mass in the mouth), chylothorax, diaphragmatic her-
nia, omphalocele, gastroschisis, trisomy, tumors, hydrops, isoimmunization,
anemia, cardiac failure, intrauterine infection, maternal diabetes or other
etiologies of inability to concentrate urine, large for gestational age (LGA),
preterm delivery

. Oligohydramnios. Fetal demise, placental insufficiency, IUGR, renal agenesis,

pulmonary hypoplasia, deformations, intraparcum distress, post-term delivery

. Labor and delivery characteristics and associated risk
1.

Preterm delivery. RDS, other complications of preterm birth (see Chapter 13)
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2.
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10.
11.

12.

13.

Post-term delivery (occurring >2 weeks after term). Stillbirth, asphyxia,
meconium aspiration (see section IV)

. Maternal fever. Infection/sepsis

. Maternal hypotension. Stillbirth, asphyxia

. Rapid labor. Birth trauma, ICH, retained fetal lung fluid/transient tachypnea
. Prolonged labor. Stillbirth, asphyxia, birth trauma

. Abnormal presentation. Birth trauma, asphyxia

. Uterine tetany. Asphyxia

. Meconium-stained amniotic fluid. Stillbirth, asphyxia, meconium aspiration

syndrome, persistent pulmonary hypertension
Prolapsed cord. Stillbirth, asphyxia

Cesarean section. RDS, retained fetal lung fluid/transient tachypnea, blood
loss

Obstetric analgesia and general anesthesia. Respiratory depression,
hypotension

Placental anomalies

a. Small placenta. IUGR

b. Large placenta. Hydrops, maternal diabetes, large infant, congenital ne-
phrotic syndrome

c. Torn placenta and/or umbilical vessels. Blood loss, anemia, hypovolemic

shock

d. Abnormal attachment of vessels to placenta. Blood loss, anemia

D. Newly born characteristics (immediately after birth) and associated risk

1.

© NNV A W N

Preterm birth. RDS, other complications of preterm birth

. Low 5-minute Apgar score. Prolonged transition, birth asphyxia

Low 10-minute Apgar score. Neurologic damage

. Pallor or shock. Blood loss
. Foul smell of amniotic fluid or membranes. Infection
. SGA (see section V)

LGA (see section VI). Hypoglycemia, birth trauma, congenital anomalies

. Postmaturity syndrome (see section IV)

Il. GA AND BIRTH WEIGHT CLASSIFICATION. Neonates should be classified by gesta-
tional age (GA), as this generally correlates more closely with outcomes than a birth
weight—based classification does. Birth weight becomes significant if neonate is either
small for gestational age (SGA) or LGA.

A. GA classification

1.

Assessment based on obstetric information is covered in Chapter 1. GA
estimates in the first trimester by ultrasonography are accurate within 7 days.
Second- and third-trimester ultrasounds are accurate within approximately 11
to 14 and 21 days, respectively.
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2. To confirm or supplement obstetric dating, the modified Dubowitz (Ballard)
examination for newborns (Fig. 7.1) may be used for GA estimation.
However, there are limitations to this method, especially with the use of the
neuromuscular component in sick newborns.

3. Infant classification by GA

a. Preterm infants are born at <37 completed weeks of gestation (258 days).
Subgroups of preterm infant include the following:

i. Extremely preterm infants are born <28 weeks (195 days).

MATURATIONAL ASSESSMENT OF GESTATIONAL AGE (New Ballard Score)

NAME SEX

HOSPITAL NO. BIRTH WEIGHT

RACE LENGTH

DATE/TIME OF BIRTH HEAD CIRC.

DATE/TIME OF EXAM EXAMINER

AGE WHEN EXAMINED

APGAR SCORE: 1 MINUTE 5 MINUTES 10 MINUTES

NEUROMUSCULAR MATURITY

NEUROMUSGULAR SCORE RECORD | SCORE
MATURITY SIGN SCORE | Neuromuscular
-1 0 1 2 3 4 5 HERE Physical
Total
POSTURE ao=aos Oéc O;{: =y
MATURITY RATING
(S‘SQQF;E WINDOW r F_‘ r\ F\ T\ P SCORE | WEEKS
i o o o o o o
>90 90 60 45 30 0 S0 | 2
ARM RECOIL VﬁQ pﬁq ﬁ@m \Vﬁ‘/ -5 22
180° 140°-180° 10°-140° 90°-110° <90° o o
porureLavee| £ | 3O | T [ oD a | oS s | e
120°) 100° 90°) <90° - 2
O Q O}
SCARF SIGN _, _) ,a 15 30
“« *~ 20 32
HEEL TO EAR o ab | a?d
25 34
TOTAL NEUROMUSCULAR 0| 3
MATURITY SCORE 35 28
PHYSICAL MATURITY 40 40
PHYSICAL SCORE Rgg:é: 45 42
MATURITY SIGN - 0 1 2 3 4 5 HERE = ”
Sticky Gelatinous Smooth pink Superficial Cracking Parchment | Leathery
SKIN Friable Red Visible vSms Peeling and Pale areas | Deep cracking Cracked
Transparent | Translucent {g;;a::s Rare veins | Novessels | Wrinkled GESTATIONAL AGE
(weeks)
LANUGO None Sparse Abundant Thinning Bald areas | Mostly bald By dates
By ultrasound
Heel-toe " Anterior By exam
y >50 mm Faint Creases | Creases over Y
PLANTAR SURFACE| 40- 50 mm: 1 nocrease | red marks | [ranSverse ant. 2/3 entire sole
<40 mm: -2 crease only
Barely Flat areola | Stippled areola |Raised areola| Full areola
BREAST Imperceptible perceptible no bud 1to2mm 3to4mm | 5to10mm
bud bud bud
Lids fused Lids open | Sl.curved | Well-curved | Formed and " "
EYE/EAR Loosely: —1 | Pinnaflat | pinna; soft; | pinna; soft but | firm instant ngg(c:mxge
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Figure 7.1. New Ballard score. (From Ballard JL, Khoury JC, Wedig K, et al. New Ballard Score, expanded
to include extremely premature infants. / Pediarr 1991;119:417-423.)
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ii. Early preterm infants are born <34 weeks (237 days).

iii. Moderate and very preterm comes under early preterm. May be
changed to extreme, very, moderate, late.

iv. Late preterm infants are born between 34 0/7 and 36 6/7 weeks of
gestation (238 to 258 days).

b. Term infants are born between 37 0/7 and 41 6/7 weeks of gestation (259
to 293 days).

i. Early term infants are a subgroup of term infants born between 37 0/7
and 38 6/7 weeks of gestation (259 to 272 days).

ii. Full term between 39 0/7 to 40 6/7 weeks and post (late) term 41 0/7
to 41 6/7 weeks.

B. Birth weight classification. Although there is no universal agreement, the com-
monly accepted definitions are as follows:

1. Normal birth weight (NBW). From 2,500 to 4,000 g
2. Low birth weight (LBW). <2,500 g (cill 2,499 g)

Note that many LBW infants are preterm; in resource-limited countries,
a larger proportion of LBW infants are term but SGA. LBW infants can be
further subclassified as follows:

a. Very low birth weight (VLBW/). <1,500 g (till 1,499 g)
b. Extremely low birth weight (ELBW). <1,000 g (till 999 g)

lll. PRETERM BIRTH. A preterm neonate is one who is born at <37 weeks of gestation.

A. Incidence. In 2014, the National Center for Health Statistics completed the
transition to a new method of quantifying GA, shifting from the previous prac-
tice of counting from the last menstrual period (LMP) to using the best obstetric
estimate (OE) of gestation at delivery. Approximately 10% of all births in the
United States are preterm. The incidence is higher in developing countries (13%
in India).

B. Etiology is unknown in most cases. Preterm and/or LBW delivery is usually
associated with the following conditions:

1.

Low socioeconomic status (SES), whether measured by family income, edu-
cational level, geographic area, social class, and/or occupation

. Women younger than 16 or older than 35 years are more likely to deliver

preterm or LBW infants; the association with age is more significant in whites
than in African Americans.

. Maternal activity requiring long periods of standing or substantial amounts

of physical stress may be associated with IUGR and preterm birth.

. Acute or chronic maternal illness is associated with early delivery, whether

onset of labor is spontaneous or not.

. Multiple-gestation pregnancies frequently lead to preterm births (57% of

twins and 93% of triplets in the United States).
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. Prior poor birth outcome is the single strongest predictor of poor birth out-

come. History of a preterm delivery is a strong predictor of a second preterm
birth. One preterm birth increases the risk for a second by a factor of 4.

. Obstetric factors such as uterine malformations, uterine trauma, placenta

previa, abruptio placentae, hypertensive disorders, preterm cervical short-
ening, previous cervical surgery, premature rupture of membranes, and
chorioamnionitis

. Fetal physiologic monitoring parameters such as a nonreassuring test of

fetal well-being (see Chapter 1), IUGR, or severe hydrops often lead to a
preterm delivery.

Inadvertent early delivery because of incorrect estimation of GA may be an
infrequent cause.

. Problems associated with preterm birth are related to difficulty in extrauterine
function due to immaturity of organ system.

1.

Respiratory. Preterm infants may experience the following:

a. Perinatal depression in the delivery room due to hypoxic-ischemic perina-
tal conditions (see Chapter 55)

b. RDS due to surfactant deficiency and pulmonary immaturity (see
Chapter 33)

c. Apnea due to immaturity in mechanisms controlling breathing (see
Chapter 31)

d. Chronic lung disease (CLD) of prematurity, also referred to as broncho-
pulmonary dysplasia (BPD) (see Chapter 34)

. Neurologic. Preterm infants have a higher risk of neurologic problems includ-

ing the following;

a. Perinatal depression (see Chapter 55)

b. ICH (see Chapter 54)

c. Periventricular leukomalacia (PVL) (see Chapter 54)

. Cardiovascular. Preterm infants may present with cardiovascular problems

including the following:
a. Hypotension
i. Hypovolemia
ii. Cardiac dysfunction
iii. Sepsis-induced vasodilation

b. Patent ductus arteriosus (PDA) is common and may lead to pulmonary

overcirculation and steal phenomenon leading to systemic hypoperfusion
(see Chapter 41).

. Hematologic. Preterm infants are at a higher risk of the following:

a. Anemia (see Chapter 45)
b. Hyperbilirubinemia (see Chapter 26)

. Nutritional. Preterm infants require specific attention to the content, caloric

density, volume, and route of feeding, including parenteral nutrition when
indicated (see Chapter 21).
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6.

10.

11.

Gastrointestinal. Premature infants are at an increased risk for necrotizing en-
terocolitis; formula feeding is an additional risk factor; a mother’s own breast
milk appears to be protective (see Chapter 27).

. Metabolic. Dysregulation of glucose and calcium metabolism is more com-

mon in preterm infants (see Chapters 24 and 25).

Renal. Immature kidneys are characterized by low glomerular filtration rate
as well as an inability to process water, solute, and acid loads. Therefore, fluid
and electrolyte management requires close attention (see Chapters 23 and 28).

. Temperature regulation. Preterm infants are especially susceptible to hypo-

thermia; iatrogenic hyperthermia can also be a problem (see Chapter 15).

Immunologic. Because of deficiencies in both humoral and cellular response,
8 p
preterm infants are at a greater risk for infection as compared to term infants.

Ophthalmologic. Retinopathy of prematurity may develop in the immature
retina. Infants <32 weeks or with birth weight <1,500 g are at a higher risk.
In Asian population, babies less than 34 weeks and 1,800 g are screened.
These “bigger babies” are genetically at higher risk and may have greater ex-
posure to postnatal risk factors such as sepsis, blood products, and hyperoxia

(see Chapter 67).

D. Management of the preterm infant (see Chapter 13)

1.

2.

Immediate postnatal management

a. Delivery in an appropriately equipped and staffed hospital is preferable.
Risks to the very premature or sick preterm infant are greatly increased by
delays in starting the necessary specialized care.

b. Resuscitation and stabilization require the immediate availability of qual-
ified personnel and equipment. Resuscitation of the newborn at delivery
should be in accordance with the Neonatal Resuscitation Program (NRP).
Anticipation and prevention are always preferred over reaction to problems
already present. Temperature, airway, breathing, and circulation are assessed
and supported (see Chapter 4). Initiation of care around birth strategies
(delayed cord clamping, early initiation of breast feeding if indicated, skin-
to-skin contact) should be an important component of any resuscitation
and stabilization process.

Neonatal management

a. Thermal regulation should be directed toward achieving a neutral thermal
zone, that is, environmental temperature sufficient to maintain body tem-
perature with minimal energy expenditure. For preterm infants, this will
require either an overhead radiant warmer (with the advantages of infant
accessibility and rapid temperature response) or, for extreme preterm, an
incubator (with the advantages of diminished insensible water loss) (see

Chapter 15).
Oxygen therapy and assisted ventilation (see Chapter 29)

&

o

Fluid and electrolyte therapy must account for relatively high insensible
water loss while avoiding overhydration and maintaining normal glucose
and plasma electrolyte concentrations (see Chapter 23).
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d. Nutrition may be complicated by the inability of many preterm infants to
tolerate enteral feedings, necessitating treatment with parenteral nutrition.
When enteral feedings are tolerated, ineffective suck and swallow usually
necessitate gavage feeding (see Chapter 21).

e. Hyperbilirubinemia, which is inevitable in less mature infants, can usually
be managed effectively by careful monitoring of bilirubin levels and early
use of phototherapy. In the most severe cases, exchange transfusion may be
necessary (see Chapter 26).

f. Infection may be the reason for preterm delivery. If an infant displays
signs or symptoms that could be attributed to infection, the infant should
be carefully evaluated for sepsis (e.g., physical exam, blood culture, and
sepsis screens). There should be a low threshold for starting broad-spectrum
antibiotics (e.g., ampicillin and gentamicin) until sepsis can be ruled out.
Consider empiric antibiotics based on regional microbes and antibiotic

sensitivity (see Chapters 48 and 49).

g. PDA may present as symptomatic (tachycardia, poor perfusion, murmur,
precordial pulsations, and wide pulse pressure) or may be detected by
screening echocardiography (ECHO) in ELBW babies. There are varia-
tions in practice in management; some units prefer medical ligation (with
ibuprofen, paracetamol, or indomethacin) for babies with ECHO findings
alone, and some treat only severely symptomatic babies. Extreme preterm
babies with significant PDA have a higher association with bronchopulmo-
nary dysplasia (BPD), periventricular leukomalacia (PVL) and pulmonary
hemorrhage. Management includes fluid restriction, if there are signs of
heart failure. In PDA that is not responding to medications and is hemo-
dynamically significant or likely cause for ventilator dependence, surgical
ligation is an option (see Chapter 41).

h. Immunizations. Diphtheria, tetanus toxoids, and acellular pertussis
(DTaP) vaccine; inactivated poliovirus vaccine (IPV); multivalent pneu-
mococcal conjugate vaccine (PCV); and Haemophilus influenzae type b
(Hib) vaccine are given in full doses to preterm infants on the basis of their
chronologic age (i.e., weeks after birth). Although the majority of preterm
infants develop protective levels of antibodies, overall, they have reduced
immune response to vaccines as compared to term infants. Hepatitis B
(HepB) vaccine administration for medically stable preterm infants of hep-
atitis B surface antigen (HBsAg)—negative mothers may be given on a mod-
ified schedule after the neonate achieves a Weight of 2,000 g. Respiratory
syncytial virus (RSV) (not a practice in Asian countries) and influenza
prophylaxis should be given as indicated. Special consideration should be
given to the rotavirus vaccine (RV) because it is a live oral vaccine and is
not given until neonatal intensive care unit (NICU) discharge. All Centers
for Disease Control and Prevention (CDC) and Advisory Committee on
Immunization Practices (ACIP) recommendations can be found at http://
www.cde.gov/vaccines (see Chapters 48 and 49).

E. Survival of preterm infants. For many reasons, survival statistics vary by in-
stitution as well as geographic region and country. Figures 7.2 and 7.3 show
survival rates of VLBW preterm infants from nearly 1,000 centers around the
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Mortality overall by birth weight
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Figure 7.2. Mortality by birth weight. (From Vermont Oxford Network 2014 with permission of Erika M.

Edwards, PhD, MPH, editor of 2014 Very Low Birth Weight Database Summary. Vermont Oxford Network,
33 Kilburn Street, Burlington, VT 05401. E-mail: nightingale@vtoxford.org. Website: www.vtoxford.org.)

globe that voluntarily submitted data about the care and outcomes of high-risk
newborn infants enrolled in the Vermont Oxford Network (VON) in 2014. The
VON databases hold critical information on >2 million infants representing
>63 million patient days.

F. Long-term problems of preterm birth. Preterm infants are vulnerable to a wide
spectrum of morbidities. The risk of morbidity and mortality declines steadily
with increasing GA.

1. Neurologic disability
a. Major handicaps (cerebral palsy, developmental delay)
b. Cognitive dysfunction (language disorders, learning disability, hyperactiv-
ity, attention deficits, behavior disorders)
c. Sensory impairments (hearing loss, visual impairment) (see Chapters 67
and 68), retinopathy of prematurity (see Chapter 67)

2. CLD (see Chapter 34)

3. Poor growth. Preterm infants are at risk for a wide range of growth problems
(see Chapter 21). Although clinicians can visually assess the size and growth of
infants and most use growth charts routinely, there is considerable controversy
on which growth charts to use for preterm. Extrauterine growth of preterm
infants is different from that of their intrauterine fetal counterparts; there are
growth charts derived from both expected intrauterine growth and postnatal



Assessment and Treatment in the Immediate Postnatal Period 101

Mortality overall by gestational age
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Figure 7.3. Mortality by gestational age. (From Vermont Oxford Network 2014 with permission of Erika
M. Edwards, PhD, MPH, editor of 2014 Very Low Birth Weight Database Summary. Vermont Oxford Net-
work, 33 Kilburn Street, Burlington, VT 05401. E-mail: nightingale@vtoxford.org. Website: www.vtoxford.org.)

growth observed from preterm babies of same gestation. A simpler approach
is to use the same growth curve to assess the fetal growth (size at birth) and
preterm infant longitudinal growth (Fig. 7.4). For example, the Fenton growth
charts use a relatively recent and diverse cohort of infants who had accurate
GA assessments, but they rely on data that are statistically smoothed between
36 and 46 weeks (see Fig. 7.4). This growth chart may not be proper for mon-
itoring postnatal growth in infants >36 weeks of gestation. It is suggested that
the WHO growth charts may be used for preterm neonates after 40 weeks of
postmenstrual age. Prior to that, the Fenton’s charts can be used. Intergrowth
21 growth charts are well designed growth charts. It is preferable to use the
postnatal growth charts as compared to the intrauterine growth charts for
evaluating growth. Infants are not likely to achieve the same growth rates as
the fetuses of the same postmenstrual age (7 uzero).

4. Increased rates of childhood illness and readmission to the hospital

IV. POST-TERM INFANTS

A. Definition. Approximately 6% (3% to 14%) of pregnancies extend beyond
42 weeks of gestation and are considered post-term. The rate of post-term preg-
nancies is heavily influenced by local obstetrical practices.
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appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age. (Reproduced

with permission from Fenton TR, licensee BioMed Central Ltd. This is an open-access article: Verbatim

copying and redistribution of this article are permitted in all media for any purpose, provided this notice is
preserved along with the article’s original URL. http://www.biomedcentral.com/1471-2431/3/13.)

B. Etiology. Some cases of post-term pregnancy are the result of inaccurate dating
of the pregnancy. In most cases, the cause of prolonged pregnancy is unknown.
There is no association between maternal age or race and the incidence of post-
term pregnancy. Risk factors for post-term pregnancies include the following:

1. Nulliparity

2. Previous post-term pregnancy
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3. Obesity

4. Anencephaly. An intact fetal pituitary—adrenal axis appears to be necessary for
the initiation of labor.

5. Trisomies 13 and 18
6. Seckel’s syndrome (bird-headed dwarfism)
C. Morbidities associated with post-term pregnancy include

1. Postmaturity syndrome. Post-term infants who have begun to lose weight but
have normal length and head circumference. They may have the following
symptoms: dry, cracked, peeling, loose, and wrinkled skin; malnourished ap-
pearance; and decreased subcutaneous tissue.

2. Meconium staining of amniotic fluid (MSAF), perinatal depression (in some
cases), and a higher risk of fetal, intrapartum, or neonatal death
D. Management
1. Antepartum management
a. Careful estimation of true GA, including ultrasonographic data
b. Antepartum assessments by cervical examination and monitoring of fetal
well-being (see Chapter 1) should be initiated between 41 and 42 weeks on
at least a weekly basis. If fetal testing is not reassuring, delivery is usually
initiated. In most instances, a patient is a candidate for induction of labor

if the pregnancy is at >41 weeks of gestation and the condition of the cervix
is favorable.

2. Intrapartum management involves the use of fetal monitoring and prepara-
tion for possible perinatal depression and meconium aspiration.
3. Postpartum management

a. Evaluation for other conditions. Infant conditions more frequently asso-
ciated with post-term delivery include the following:

i. Congenital anomalies
ii. Perinatal depression
iii. Persistent pulmonary hypertension
iv. Meconium aspiration syndrome
v. Hypoglycemia
vi. Hypocalcemia
vii. Polycythemia

b. Attention to proper nutritional support

V. INFANTS WHO ARE SMALL FOR GESTATIONAL AGE OR HAVE INTRAUTERINE
GROWTH RESTRICTION (SEE CHAPTER 1)

A. Definition. Although many use the terms “SGA” and “TUGR” interchangeably,
they refer to two different concepts. SGA describes a neonate whose birth weight
or birth crown—heel length is <10th percentile for GA or <2 standard deviations
(SDs) below the mean for the infant’s GA. IUGR describes diminished growth
velocity in the fetus as documented by at least two intrauterine growth assessments
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(e.g., a fetus that is “falling off” its own growth curve). After birth, IUGR babies
appear malnourished, with poor subcutaneous fat, whereas SGA babies will look
like small but normal babies. Babies who are constitutionally SGA are at an over-
all lower risk compared to those who are IUGR due to some pathologic process.
Numerous “normal birth curves” have been published from different populations.
The etiology and management of SGA and IUGR fetuses overlap considerably.

B. Etiology. Approximately one-third of LBW infants are SGA/IUGR. There is an
association between the following factors and SGA/TUGR:

1.

Maternal factors include genetic size; demographics (age at the extremes of
reproductive life, race/ethnicity, socioeconomic status [SES]); nulliparity and
grand multiparity status; underweight before pregnancy (e.g., malnutrition);
uterine anomalies; chronic disease; factors interfering with placental flow and
oxygenation (cardiovascular disease, renal disease, hypertension [chronic or
pregnancy-induced]); sickle cell anemia; pulmonary disease; collagen-vascular
disease; diabetes (classes D, E, F, and R); autoimmune diseases; thrombotic
disease (see Chapter 2); post-term delivery; high-altitude environment; expo-
sure to teratogens including radiation; and alcohol, tobacco, or cocaine use.

. Placental and umbilical anatomical factors include malformations (e.g.,

chorioangioma, infarction, circumvallate placenta, placental mosaicism,
obliterative vasculopathy of the placental bed, vascular malformations, or
velamentous umbilical cord insertion), infarction or focal lesions, abruption,
suboptimal implantation site (e.g., low-lying placenta), previa, insufficient
uteroplacental perfusion, and single umbilical artery.

. Fetal factors include constitutional (normal, “genetically small”), malfor-

mations (e.g., abnormalities of the CNS and skeletal system), chromosomal
abnormality (<5% of SGA infants; more likely in the presence of malforma-
tion), congenital infection (i.e., rubella and cytomegalovirus [CMV]) (see
Chapter 48), and multiple gestation.

C. Management of Small for Gestational Age/Intrauterine Growth Restriction

1.

2.

Pregnancy (see Chapter 1)

a. Attempt to determine the cause of SGA/IUGR by searching for relevant
factors (listed earlier) by history, laboratory, and ultrasonic examination.
Treat any underlying cause when possible. Chronic fetal hypoxemia is
encountered in about 30% of SGA/IUGR fetuses. Once the diagnosis is
made, changes in obstetrical management may improve the outcome.

b. Monitor fetal well-being, including nonstress test, a biophysical profile,

fetal movement counts, amniotic fluid volume evaluation, and serial ultra-
sonic examinations (see Chapter 1). Doppler evaluation of placental flow
may be used to evaluate uteroplacental insufficiency.

c. Consider the effects of prematurity if early delivery is contemplated (see
Chapter 1).

Delivery. Early delivery is necessary if the risk of intrauterine fetal demise still
is considered greater than the risks of preterm birth.

a. Generally, indications for delivery are an arrest of fetal growth and/or fetal
distress, especially closer to term.
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b. Acceleration of pulmonary maturity with glucocorticoids administered
to the mother should be considered at 24 to 34 weeks pregnancy.

c. If there is poor placental blood flow, the fetus may not tolerate labor and
may require a cesarean delivery.

d. Infants with extreme SGA/IUGR are at a risk for perinatal complications
and often require specialized care in the first few days of life. Therefore,
if possible, delivery should occur at a center with a NICU or special care
nursery. The delivery team should be prepared to manage perinatal depres-
sion, meconium aspiration, hypoxia, hypoglycemia, and heat loss.

3. Postpartum
a. Attempt should be made to establish the etiology of SGA/IUGR.

i. Newborn examination. The infant should be evaluated for signs of any
of the previously listed causes of poor fetal growth, especially chromo-
somal abnormalities, malformations, and congenital infection.

a) Infants with growth restriction during the later part of pregnancy
will have a relatively normal head circumference and mild/no re-
duction in length, but a more profound reduction in weight. This is
thought to be due to the redistribution of fetal blood flow preferen-
tially to vital organs, mainly the brain, hence the term “head-sparing
IUGR.” The Ponderal index ([cube root of birth weight in grams x
100]/[length in centimeters]) or the weight-to-length ratio may be
used to categorize growth-retarded infants. Those with asymmetric
growth retardation have low Ponderal index. These infants generally
have little subcutaneous tissue, peeling loose skin, a wasted appear-
ance, and meconium staining.

b) Infants whose growth restriction begins early in pregnancy will have a
proportionally small head circumference, length, and weight in con-
trast to IUGR that begins later in pregnancy. These infants are some-
times referred to as symmetric [UGR and their Ponderal index may be
normal. Symmetric IUGR infants are more likely to have significant
intrinsic fetal problems (e.g., chromosomal defects, malformations,
and/or congenital infections acquired early in pregnancy).

ii. Pathologic examination of the placenta for infarction, congenital
infection, or other abnormalities may be helpful.

iii. Because of potential for hearing loss associated with infection, it is
advisable to screen SGA/IUGR infants for CMV. Screening for other
congenital infections is equally important. Serologic screening for
congenital infections has low yield and is generally not indicated unless
history or examination is suggestive of infection. However, it should
be borne in mind that most of the intrauterine infections have a non-
specific course in pregnancy and an apparent asymptomatic course in
the early infancy; hence, the examiner should actively assess for their
presence in a SGA/TUGR neonate.
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b. SGA infants generally require more calories per kilogram than appro-
priate for gestational age (AGA) infants for “catch-up” growth; term SGA
infants will often regulate their intake accordingly.

c. Potential complications related to SGA/TUGR
i. Congenital anomalies
ii. Perinatal depression
iii. Meconium aspiration, persistent pulmonary hypertension
iv. Hypoglycemia from depletion of glycogen stores
v. Hypothermia from depletion of subcutaneous fat
vi. Polycythemia
vii. Neutropenia
viii. Thrombocytopenia

ix. Hypocalcemia

D. Outcomes of SGA/IUGR infants. Compared to AGA infants of the same GA,

SGA/IUGR infants have a higher incidence of neonatal morbidity and mortality.
At the same birth weight, more mature SGA/IUGR infants have a lower risk
of neonatal death when compared to preterm infants. In general, SGA/IUGR
infants and children (especially those from disadvantaged socioeconomic envi-
ronments) are at a higher risk for poor postnatal growth, neurologic impairment,
delayed cognitive development, and poor academic achievement. Finally, some
adults who were SGA/IUGR at birth appear to have a higher risk of coronary
heart disease, hypertension, non—insulin-dependent diabetes, stroke, obstructive
pulmonary disease, renal impairment, decreased reproductive function, as well
as other health risks and growth-related psychosocial issues (fetal origin of adult
onset diseases).

. Management of subsequent pregnancies is important because in some, SGA

and IUGR will recur. The mother should be cared for by personnel experienced
in handling high-risk pregnancies. The health of the mother and fetus should
be assessed throughout pregnancy with ultrasonography and nonstress tests (see
Chapter 1). Early delivery should be considered if fetal growth is compromised.

INFANTS WHO ARE LARGE FOR GESTATIONAL AGE

A. Definition. Birth weight above the mean for GA by 2 SD or >90th percentile

for the corresponding GA

B. Etiology

1. Constitutionally large infants (large parents)
2. Infants of diabetic mothers
3. Beckwith—Wiedemann and other overgrowth syndromes

4. Some post-term infants

C. Management

1. Look for evidence of birth trauma, including brachial plexus injury and peri-
natal depression (see Chapters 6 and 55).
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2. Allow the infant to feed early and monitor the blood sugar level. Some LGA
infants may develop hypoglycemia secondary to hyperinsulinism (especially
infants of diabetic mothers, infants with Beckwith—Wiedemann syndrome, or
infants with erythroblastosis) (see Chapters 2 and 24).

3. Asses for polycythemia (see Chapter 46).
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Assessment of the Newborn
History and Physical
Examination of the Newhorn

Lise Johnson

of the newborn is an important opportunity to detect
d assess the infant’s transition from fetal to extrauterine

ies are normal on examination can result in oversight of
atic (checklist based) head-to-toe examination will ensure
xamination findings are not missed.

I. HISTORY. The family, maternal, pregnancy, perinatal, and social history should be
reviewed (Table 8.1).

Table 8.1. Important Aspects of Maternal and Perinatal History

Family history

Inherited diseases (e.g., metabolic disorders, bleeding disorders, hemoglobinopathies,
cystic fibrosis, polycystic kidneys, sensorineural hearing loss, genetic disorders or
syndromes)

Developmental disorders including autism spectrum disorders

Disorders requiring follow-up screening in family members (e.g., developmental dyspla-
sia of the hip, vesicoureteral reflux, congenital cardiac anomalies, familial arrhythmias)

Maternal history

Age
Gravidity and parity

Overweight or obesity

Infertility treatments required for pregnancy, including source of egg and sperm (donor
or parent)

Prior pregnancy outcomes (terminations, spontaneous abortions, fetal demises, neonatal
deaths, prematurity, postmaturity, malformations)

Blood type, blood group sensitizations, and getting anti-Rh (anti-D) treatment

(Continued)
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Table 8.1. Important Aspects of Maternal and Perinatal History (Continued)

Chronic maternal illness (e.g., diabetes mellitus, hypertension, renal disease, cardiac
disease, thyroid disease, systemic lupus erythematosus, myasthenia gravis)

Infectious disease screening in pregnancy (rubella immunity status; syphilis, gonor-
thea, chlamydia, and HIV screening; hepatitis B surface antigen screening; group
B Streptococeus [GBS] culture; varicella, cytomegalovirus, and toxoplasmosis testing,
if performed; purified protein derivative [PPD] status and any past treatments; any
recent infections or exposures)

Inherited disorder screening (e.g., hemoglobin electrophoresis, glucose-6-phosphate
dehydrogenase [G6PD] deficiency screening, “Jewish panel” screening, cystic fibrosis
mutation testing, fragile X testing)

Medications

Tobacco, alcohol, and recreational or illegal substance use

Pregnancy complications (e.g., gestational diabetes mellitus, preeclampsia, infections,
bleeding, anemia, trauma, surgery, acute illnesses, cholestasis, preterm labor with or
without use of tocolytics or glucocorticoids)

Fetal testing

First- and/or second-trimester screens for aneuploidy (serum markers and ultrasono-
y
graphic examination) and presence of more than one fetus

Second-trimester (approximately 18 weeks) fetal survey by ultrasound

Genetic testing, including preimplantation, chorionic villus sampling, amniocentesis
genetic testing and cell-free fetal DNA testing

Ultrasound monitoring of fetal well-being

Tests of fetal lung maturity (rarely done these days)

Fetal medical or surgical therapy

Intrapartum history

Gestational age at parturition and method of calculation (e.g., ultrasound, artificial
insemination or 77 vitro fertilization, last menstrual period)

Presentation

Onset and duration of labor

Timing of rupture of membranes and appearance of amniotic fluid (volume, presence of
meconium, blood)

Results of fetal monitoring

Fever

Medications, especially antibiotics, analgesics, anesthetics, glucocorticoids, tocolytics,
and magnesium sulfate

Complications (e.g., excessive blood loss, chorioamnionitis, shoulder dystocia)

(Continued)
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Table 8.1. Important Aspects of Maternal and Perinatal History (Continued)

Method of delivery

Use of vacuum or forceps

Infant delivery room assessment including Apgar scores, cord pH, deferred cord clamp-
ing or milking, any resuscitation measures, vitamin K, and prophylactic eye antibiot-
ics received

Placental examination

Social history

Cultural background of family

Marital status of mother

Nature of involvement of father of baby

Household members

Custody of prior children

Maternal and paternal occupations

Identified social supports

Maternal/parental wishes and preferences for newborn care, e.g., skin-to-skin contact,

breast feeding, cord blood banking

Current social support service involvement

Past or current history of involvement of child protective agencies

Current or past history of domestic violence

Il. ROUTINE PHYSICAL EXAMINATION OF THE NEONATE. Although no statistics
are available, the first routine examination likely reveals more abnormalities than any
other physical examination. All newborns need a:

(1) Brief physical examination within the first few minutes after birth while being
flexible to allow skin-to-skin care and bonding

(i) A comprehensive head-to-toe and front-to-back assessment within the first
48 hours

(iii) An examination before discharge to assess readiness and ensure that all rele-
vant newborn screenings have been completed (see Chapter 18)

Whenever possible, the examination should be performed in the presence of the
parents to encourage them to ask questions regarding their newborn and allow for
the shared observation of physical findings, both normal and abnormal. The exam-
ination needs to be a pleasant experience for the baby, parents, and clinician.

A. General examination.

m At the initial examination immediately after birth, attention should be
directed to (i) determine whether any major congenital anomalies are present;
(ii) determine whether the infant has made a successful transition from fetal life
to air breathing; (iii) determine the extent to which gestation, labor, delivery,
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analgesics, or anesthetics have affected the neonate; (iv) determine whether the
infant has any signs of infection or metabolic disease (v) confirm or exclude
the presence of any finding related to antenatal problems (from the mother’s
history, examination, or investigations). Ensure the following anomalies are not
missed in the initial examination.

O Anal opening

O Cleft palate

O Meningomyelocele

0 Abdominal wall defects

= A comprehensive examination must be done by a pediatrician, as early as
possible, surely within few hours of life. The infant should be examined, ideally
in a well-lit room under warming lights to avoid hypothermia which occurs
easily in the neonatal period.

1. Care providers should develop a consistent order to their physical examination,
generally beginning with the cardiorespiratory system which is best assessed
when the infant is quiet. If the infant being examined is fussy, a gloved finger
to suck on may be offered. The opportunity to perform the eye examination
should be seized whenever the infant is noted to be awake and alert. A stan-
dard checklist or a template can ensure that examination and documentation is
complete. Each neonatal unit should have a checklist of its own.

B. Rapid assessment. It is best taken when the infant is quiet, if possible.

1. Sensorium. Assess the baby’s response to touch, uncovering the baby and
consoling. Healthy babies often cry lustily when disturbed and are consoled
by patting, gentle rocking, or cuddling. A hungry baby may settle only with
breast feeding. A sleeping baby may be confused to be dull/lethargic. Reassess
in 1 to 2 hours if the baby is otherwise well. In the first few days of life, a
“sleep” of more than 3 to 4 hours should be evaluated.

2. Temperature. Babies  thermal status should be assessed by touch with the dor-
sum of the hand (more sensitive). Touch the abdomen first, and the hands and
feet after that. The peripheries must feel warm as well. If not, this may indicate
that the baby is nursed in an environment that is too cold for the baby. Wrap
the baby and reassess after 30 minutes. A baby still cold to touch may be unwell
(sepsis, shock, or heart failure). Temperature in the neonate is usually measured
in the axilla. Rectal temperature is not recommended routinely. Normal axil-
lary temperature is between 36.5°C and 37.4°C (97.7°F and 99.3°F). Mercury
thermometers have been replaced due to safety to environment.

3. Oxygenation

a. Saturation. Babies may not have a saturation of 90% immediately after
birth. (Routine measurement is not indicated.)

b. Respiratory pattern. The normal respiratory rate in a newborn is between
30 and 40 breaths per minute; more than 60 must be evaluated. Periodic
breathing is common in newborns; short pauses (usually 5 to 10 seconds)
are considered normal. Apneic spells associated with cyanosis, bradycar-
dia, or loss of tone are not normal and deserve further evaluation (see

Chapter 31).
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4.

5.

Perfusion

a. Heart rate. Normal heart rate in a newborn ranges between 95 and 160
beats per minute (bpm), although the heart rate in well babies in a wakeful
alert state is very close to 140 bpm. Some infants may have resting heart
rates as low as 80 bpm, especially in sleep. Good acceleration with waking
up or stimulation is reassuring in these infants. A normal blood pressure
and perfusion in these babies are reassuring that this is likely to be sinus
bradycardia.

b. Blood pressure. Blood pressure is not routinely measured in otherwise well
newborns. When measurement of blood pressure is clinically indicated,
care should be taken that the proper neonatal cuff size is chosen, and the
extremity used is documented in the blood pressure recording. Blood pres-
sure increases with gestation and postnatal day (normogram), but it may
help a new pediatric resident or nurse to have in mind that the numbers
are almost half of adult values—around 60 mm Hg systolic and 40 mm Hg
diastolic. The mean arterial pressure (MAP) is calculated by the machine;
it is most often more than the gestation age of the baby in weeks (e.g.,
MAP of 35 mm Hg or more in a 35-week-old preterm baby). A gradient
between upper and lower extremity systolic pressure >10 mm Hg should
be considered suspicious for coarctation or other anomalies of the aorta
(see Chapter 41).

Sugars. Healthy babies do not require monitoring of blood sugar. Babies at
risk of hypoglycemia (preterm, low birth weight, infant born to mother with
diabetes, and any sick baby) must have periodic check of blood sugar by point-
of-care glucometer.

Measurements. All newborns should have their weight, length, and head
circumference measured shortly after birth. Newborns may have extensive
molding and/or caput and, hence, a reliable head circumference measurement
is the one taken 2 days after birth. Length measurement in the immediate
newborn period can be inaccurate due to tight flexion that the babies have.
These measurements should be plotted on standard growth curves such that
the newborn may be determined to be appropriate for gestational age (AGA),
small for gestational age (SGA), or large for gestational age (LGA). SGA or
LGA newborns may require further evaluation of both the etiology and the
sequelae of these conditions (see Chapter 7).

. Pulse oximetry. It is recommended to screen for congenital heart disease by

pulse oximetry before hospital discharge. Recommended strategies include
screening between 24 and 48 hours of age, ensuring staff are properly trained
in pulse oximetry measurement, and using later-generation pulse oximeters
which are less sensitive to motion artifact. Criteria for a positive screening test
that merits further clinical investigation for critical congenital heart disease
(CCHD) include the following: (i) any oxygen saturation measure <90%;
(ii) oxygen saturation <95% in the right hand and either foot on three mea-
sures, each separated by 1 hour; or (iii) there is a >3% absolute difference in
oxygen saturation between the right hand and the foot on three measures, each
separated by 1 hour.
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C. Cardiorespiratory system

1. Color. The healthy newborn should have a reddish pink hue, except for the
possible normal cyanosis of the hands and feet (acrocyanosis). Excessive pale-
ness or ruddiness should prompt hematocrit measurement to detect relative
anemia (hematocrit <42%) or polycythemia (hematocrit >65%), respectively

(see Chapters 45 and 46).

Respiratory pattern. The majority of the neonatal respiratory examination
may be performed visually without the use of a stethoscope. At rest, a newborn
past initial transition should exhibit unlabored breathing, without intercostal
retractions. Significant respiratory disease in the absence of tachypnea is rare.
Asymmetry of breath sounds or adventitious sounds in a baby with tachypnea
or retractions of chest wall should be evaluated by chest x-ray.

N

3. Heart. The examiner should observe precordial activity, rate, and rhythm of
heat beats, and check for murmurs.

® Apex (maximum cardiac impulse) of the heart is on the left or right side.

® Arrhythmias, most often due to premature atrial contractions, are occa-
sionally heard on the routine newborn examination. An electrocardiogram
(EKG) with rhythm strip should be obtained, if persistent or associated with
poor perfusion.

® The heart sounds should be auscultated, for ejection clicks which may indi-
cate pulmonary or aortic valve stenosis or a bicuspid aortic valve.

® Murmurs in newborns can be misleading. Systolic murmurs are frequently
heard transiently in neonates without significant structural heart disease,
particularly as the ductus arteriosus is closing or in those with mild pul-
monary branch stenosis. On the other hand, a newborn with serious,
hemodynamically significant heart disease may have no murmur. Diastolic
murmurs should always be considered abnormal. In an otherwise asymp-
tomatic infant with a persistent or otherwise concerning murmur (e.g.,
loud, harsh, pansystolic, diastolic), investigations should include an ECG,
preductal and postductal oxygen saturation measurement, and four-extrem-
ity blood pressure measurement. A plain chest x-ray may also be considered.
In consultation with a pediatric cardiologist, echocardiogram should ideally
be obtained before discharge from the hospital. Where echocardiography is
not available, a hyperoxia test should be obtained in babies with cyanosis
to determine the potential need for institution of prostaglandin E1 (see
Chapter 41).

m Femoral pulses should be palpated; if there is doubt about the femoral
pulses by the time of discharge, the blood pressure in the upper and lower
extremities should be measured to investigate the concern for coarctation
of the aorta.

D. Thorax. The clavicles should be palpated, especially in large babies or babies born
through prolonged labor or difficult delivery. Crepitus or, less commonly, a “step
off” may be appreciated in the presence of a clavicle fracture. Clavicle palpation
should always be repeated on the discharge examination because some fractures
may be more apparent on the second or third day of life. On follow-up examina-
tions after hospital discharge, a healed clavicle fracture may leave a firm bump
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on the bone. No special care beyond gentle handling to avoid pain in the first
neonatal days is required for clavicle fractures, which generally heal uneventfully
and without sequelae. Undoubtedly, many fractured clavicles in the newborn
period occur unnoticed.

The thorax should be inspected for shape and symmetry. One or more acces-
sory nipples in the mammary line may be noted occasionally. Tiny periareolar
skin tags which generally dry up and fall off in the first days of life may also be
noted. Breast buds due to the influence of maternal hormones can normally be
palpated in term newborns. Parents will sometimes need reassurance that the tip
of the xiphoid process, which can be quite prominent in the newborn, is also a
normal finding.

E. Abdomen. The abdominal examination of a newborn differs from that of older
infants in that observation can again be used to greater advantage.

The anterior abdominal organs, particularly bowel, can sometimes be seen
through the abdominal wall, especially in thin or premature infants. Diastasis
rectus abdominis is frequently seen in neonates, most evident during crying.
Asymmetry due to congenital anomalies or masses is often first appreciated by
observation.

When palpating the abdomen, start with gentle pressure or stroking, moving
from lower to upper quadrants to reveal edges of the liver or spleen. The normal
liver edge may extend up to 2.5 cm below the right costal margin. The spleen is
usually not palpable. Remember that there may be situs inversus. The hands of
the examiner must not be wet or cold.

After the abdomen has been gently palpated, deep palpation is possible, not
only because of the lack of developed musculature but also because there is no
food and little air in the intestine. Kidneys may be palpated and abdominal
masses may be appreciated, although the clinically meaningful yield of this por-
tion of the examination may be low in the current age of fetal ultrasonography.

The umbilical stump should be inspected. The umbilical vein and one or
two umbilical arteries should be identified. Discharge, odor, or periumbilical
erythema and swelling should be noted, if present. A mere yellow discharge after
the cord falls off is not suggestive of infection; erythema and swelling may need
antibiotics. Umbilical hernias are frequently seen in neonates and are generally
benign and resolve spontaneously.

F. Genitalia and rectum
1. Male

a. The penis almost invariably has marked phimosis. Stretched penile length
<2.5 cm is abnormal and requires evaluation (see Chapter 63). If present,
the degree of hypospadias should be noted as well as the presence and de-
gree of chordee. Circumcision should be deferred, and the baby referred to
a urologist/pediatric surgeon whenever hypospadias is identified.

b. The scrotum is often quite large because it is an embryonic analogue of the
female labia and responds to maternal hormones. Hyperpigmentation of
the scrotum should raise suspicion for one of the adrenogenital syndromes
(see Chapter 63). The scrotum may also be enlarged due to the presence of
a hydrocele, which can be identified as a transilluminating mass in either
or both sides of the scrotum. Hydroceles are collections of peritoneal fluid
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in the scrotum due to patency of the processus vaginalis in fetal life. They
are common and require no immediate action, although they should be
monitored to ensure resolution in the first year of life. The testes should
be palpated. They should be the same size and they should not appear blue
(a sign of torsion) through the scrotal skin. Normal testicle size in a term
newborn ranges from 1.6 cm (length) x 1.0 cm (width) up to 2.9 cm x
1.8 cm. A hard, bigger testis that shows no transillumination should be
suspected to be a torsion (there is often no pain/redness); urgent ultrasound
and surgery may be indicated. Approximately 2% to 5% of term males will
have an undescended testicle at birth, which should be followed for descent
in the first months of life.

. Female

a. The labia minora and labia majora should be examined. The relative size
of the labia majora and labia minora changes over the last weeks of gestation
with labia minora receding in prominence as the fetus progresses to term.
The labia majora of term newborn girls are frequently reddened and swol-
len due to the influence of maternal hormones, which are also responsible
for a clear or white vaginal discharge in the first days of life. Occasionally, a
small amount of blood (pseudomenses) accompanies the discharge after the
first few days of life as maternal hormones in the neonate wane.

b. The vaginal introitus should be examined and the hymen identified. The
finding of an imperforate hymen, which can sometimes be difficult to
distinguish from a paraurethral cyst, should prompt referral to a pediatric
gynecologist for management. Hymenal tags are commonly noted and their
presence is of no clinical significance.

c. The clitoris, which recedes in prominence with increasing gestational age,
should be noted. Mean clitoral length in term infants £1 SD is 4.0 + 1.24
mm. Clitoral enlargement, particularly when there is accompanying hyper-
pigmentation, should raise suspicion for androgen excess (see Chapter 63).

. The anus should be checked carefully for patency, position, and size.

Occasionally, a large fistula is mistaken for a normal anus; on closer examina-
tion, it may be noted that the fistula is positioned either anterior or posterior
to the usual location of a normal anus.

. Skin. There are numerous, mostly benign, skin findings commonly seen in new-

borns (see Chapter 65).

1.

Dryness, sometimes accompanied by cracking or peeling of the skin, is com-
mon, especially in the postmature newborn.

. Milia, which are inclusion cysts filled with keratinous debris, are tiny, discrete,

often solitary, white papules commonly seen on the face and scalp. They
resolve spontaneously in the first weeks to months of life.

. Sebaceous hyperplasia appears as tiny, yellowish white, follicular papules

most commonly clustered on the nose. These papules self-resolve in the first
weeks of life.

. Erythema toxicum neonatorum occurs in approximately half of full-term

newborns. Classically, the lesions of erythema toxicum are yellowish/white
papules on an erythematous base, prompting the name “flea bite” dermatitis.
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Presentations may range from a few scattered isolated lesions to extensive,
sometimes confluent, areas of pustules or papules with surrounding erythema.
When unroofed and scraped, the contents of the papules and pustules will
contain eosinophils on Wright or Giemsa stain. Erythema toxicum most
typically appears on the second or third day of life, waxes and wanes for a few
days, and resolves within the first week of life.

5. Nevus simplex or salmon patch refers to a frequently seen capillary malfor-
mation located on the forehead (typically V-shaped), nape of the neck, eyelids,
nose, and upper lip. Although most salmon patches on the face (“angel kisses”)
resolve in the first year or so, those on the nape of the neck (“stork bites”) will
sometimes persist.

6. Transient pustular melanosis neonatorum (TPMN), most common in
darker-pigmented infants, consists of 2- to 10-mm fragile, neutrophil-con-
taining pustules that spontaneously break, leaving a collarette of scales and
underlying hyperpigmented macules which eventually (weeks to months)
fade. Frequently, infants at birth will be found to have the hyperpigmented
macules of TPMN with the pustular phase having presumably occurred i
utero. TPMN may sometimes need to be distinguished from bacterial (usually
Staphylococcus) pustules which are generally larger than TPMN, yield positive
cultures, and are not associated with the typical hyperpigmented macules.

7. Dermal melanocytosis, commonly seen in darker-skinned and Asian individ-
uals, consists of dermal collections of melanocytes that appear as varying-sized
macules or patches of black, gray, or slate blue skin, most often on the but-
tocks, although many other locations are also possible. It is prudent to make
note of dermal melanocytosis on the newborn examination so that there is no
confusion in the future with traumatic bruises.

8. Sucking blisters are occasionally on the hand (wrist) or forearm of a newborn
at birth. They resolve without incident and should not be a cause for concern.

9. The presence of jaundice on examination in the first 24 hours of life is not
normal and should prompt further evaluation. Some degree of jaundice after
the first day of life is common (see Chapter 26).

H. Palpable lymph nodes are found in approximately one-third of normal neonates.
They are usually <12 mm in diameter and are often found in the inguinal, cervi-
cal, and, occasionally, the axillary area. Excess lymphadenopathy should prompt
further evaluation.

I. Extremities, joints, and spine (sce Chapter 58)

1. Extremities. Anomalies of the digits, such as polydactyly (especially postaxial
polydactyly which is sometimes familial), clinodactyly, or some degree of
webbing or syndactyly, are seen relatively frequently. Palmar creases should
be examined. Approximately 4% of individuals have a single palmar crease
on one hand. Bilateral single palmar creases are less common but need not
prompt concern unless associated with other dysmorphic features. Because of
fetal positioning, many newborns have forefoot adduction, tibial bowing, or
even tibial torsion. Forefoot adduction, also known as metatarsus adductus,
will often correct itself within weeks and may be followed expectantly with
stretching exercises. Mild degrees of tibial bowing or torsion are also normal.
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Talipes equinovarus, or clubfoot, deemed resistant (inability to achieve a
foot dorsiflexion of 90° or touch the anterior part of leg) requires orthope-
dic intervention which should be sought as soon as possible after birth (see
Chapter 58).

2. Joints. There is a change in the understanding and practice of hip examination
in a newborn. The practice of examining for dislocatable hips (Barlow’s test)
has led to overtreatment of babies. The treatment has been associated with a
higher risk of femoral head avascular necrosis. Referral to ortho/ultrasound or
treatment may be deferred till the baby is 3 to 4 months old. It is now recom-
mended to look only for dislocated hips (Ortolani’s maneuver), which causes
reduction of the dislocation.

3. Spine. The infant should be turned over and suspended face down with the
examiner’s hand supporting the chest. The back, especially the lower lumbar
and sacral areas, should be examined. Special care should be taken to look for
pilonidal sinus tracts, skin findings, or small soft midline swellings that might
indicate a small meningocele or other anomaly (see Chapter 57). Simple,
blind-ending midline sacral dimples, a common finding, need no further
evaluation unless they meet high-risk criteria for spinal dysraphism including
being deep, >0.5 cm, located >2.5 cm from the anal verge, or associated with
other cutaneous markers such as hypertrichosis, subcutaneous mass, or a cau-
dal appendage.

J. Head and neck
1. Head

a. Scalp. The scalp should be inspected for cuts, abrasions, or bruises from the
birth process. Particular note should be made of puncture wounds from the
application of fetal monitor leads because these may occasionally become
infected and require further attention. Rarely, cutis aplasia congenita or a
nevus sebaceous may also be identified.

b. Swelling. Swelling should be noted and identified, distinguishing between
caput succedaneum, cephalohematomas, and subgaleal hemorrhage.
Caput succedaneum, often boggy in texture, is simply soft-tissue swelling
from the birth process. Caput is most commonly located occipitally, al-
though it may also have a “sausage” shape in the parietal area, may cross su-
ture lines, and most often resolves within 1 or 2 days. Cephalohematomas,
more common in the setting of an instrumented vaginal birth and most
often involving one of the parietal bones, are the result of subperiosteal
bleeding and, thus, do not cross suture lines. They may initially be obscured
by the overlying caput and become increasingly apparent over the first 3 to
4 days of life. They are typically more tense to palpation than caput and
may take weeks to even months to fully resolve. Cephalohematomas are a
source of excess bilirubin production, which may contribute to neonatal
jaundice. Subgaleal hemorrhages, also associated with vacuum extractions
but much rarer in incidence, result from bleeding underneath the aponeu-
rosis of the occipitofrontalis muscle and, classically, result in very loose, soft
swelling which may flow freely from the nape of the neck to the forehead.
It may even be possible to generate a fluid wave across the swelling from a
subgaleal hemorrhage. If a subgaleal hemorrhage is suspected, the newborn
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should be carefully monitored for possible hemodynamically significant
bleeding within the hemorrhage. Serial monitoring of the head circumfer-
ence will allow early detection.

c. Skull bones. The skull bones (occipital, parietal, and frontal) should be
examined, and suture lines (sagittal, coronal, lambdoidal, and metopic)
should be palpated. Mobility of the sutures will rule out craniosynostosis.
Mobility can be appreciated by placing one’s thumbs on opposite sides of
the suture and then pushing in alternately while feeling for motion. Any
molding of the skull bones, which resolves over the first days of life, should
be noted. The skull should also be observed for deformational plagioceph-
aly and, when present, positioning instructions to aid in its resolution
should be given. Occasionally, craniotabes may be found, with palpation
of the skull bones (usually the parietal bones) resulting in an indenting
similar to the effect of pressing on a ping pong ball. Craniotabes generally
resolves in a matter of weeks with no further evaluation necessary if an

isolated finding.

d. Fontanelles. The fontanelles should be palpated. As long as the head
circumference is normal and there is motion of the suture lines, one need
pay little attention to the size (large or small) of the fontanelles. Very large
fontanelles reflect a delay in bone ossification and may be associated with
hypothyroidism (see Chapter 61), trisomy syndromes, intrauterine malnu-
trition, hypophosphatasia, and osteogenesis imperfecta. Fontanelles should
be soft, particularly when the infant is in an upright or sitting position.
Tense or full fontanelles should raise concern for elevated intracranial pres-
sure due to such causes as meningitis or acute intracranial bleeding.

2. Eyes. The eyes should be examined for the presence of scleral hemorrhages,
icterus, conjunctival exudate, iris coloring, iris coloboma, extraocular muscle
movement, and pupillary size, equality, reactivity, and centering. The red re-
flex should be assessed and cataracts ruled out. Of note, cataracts may cause
photophobia resulting in difficulty obtaining cooperation from the infant in
maintaining his or her eyes open for the examination. Puffy eyelids sometimes
make examination of the eyes impossible. If so, this fact should be noted so
that the eyes will be examined on follow-up.

3. Ears. Note the size, shape, position, and presence of auditory canals as well as
preauricular sinus, pits, or skin tags.

4. Nose. The nose should be inspected, noting any deformation from 7z utero
position, patency of the nares, or evidence of septal injury. Choanal atresia can
be excluded by noting for misting from both nostrils on a cold spatula or even
easier on a spare spectacle.

5. Mouth. The mouth should be inspected for palatal clefts. Epstein pearls
(small white inclusion cysts clustered about the midline at the juncture of the
hard and soft palate) are a frequent and normal finding. Much less common
findings include mucoceles of the oral mucosa, a sublingual ranula, alveolar
cysts, absent or bifid uvula, and natal teeth. The lingual frenulum should also
be inspected and any degree of ankyloglossia (tongue tie) noted. Significant
tongue tie is associated with cracked nipples.
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6. Neck. Because newborns have such short necks, the chin should be lifted to
expose the neck for a thorough assessment. The neck should be checked for
range of motion, goiter, and thyroglossal and branchial arch sinus tracts.

7. Jaw. The mandible should be inspected from front and lateral side for the pres-
ence of micrognathia (small underdeveloped jaw) or retrognathia (posteriorly
displaced jaw). The presence raises concerns for facial dysmorphism associated
with genetic syndromes and potential airway obstruction. Receding (small)
chin is very common and causes noisy breathing due to posteriorly displaced
tongue; repositioning the baby from supine to lateral will result in dramatic
decrease in “nose block” sounds.

Neurologic examination. In approaching the neurologic examination of the
neonate, the examiner must be at once humble and nonambitious. On the one
hand, severe neurologic anomalies may be inapparent on examination in the
newborn. Also, prognosis of abnormal neonatal neurologic examination must be
discussed after re-examination for persistence of signs. On the other hand, with
a trained eye, a broad range of clinically relevant observations can be made of
the newborn’s neurologic system. Categorizing neurobehavioral observations into
four systems—autonomic, motor, state, and responsiveness—allows the clinician
to capture nuances of a newborn’s competence or vulnerability, regulation or dys-
regulation, and maturity or immaturity, as well as identify evidence of neurologic
injury or impairment, if present.

1. Examination of the neonatal autonomic system includes evaluation of vital
sign stability, neurocutaneous stability (pink color vs. mottling or cyanosis),
gastrointestinal stability, and the presence or absence of jitteriness or myoc-
lonic jerks. Marked jitteriness should be investigated for etiologies including
hypoglycemia, hypocalcemia, hypomagnesemia, or withdrawal from iz uzero
exposure to drugs including opiates, cocaine, tobacco, or selective serotonin
reuptake inhibitors (SSRIs) (see Chapter 12). Sneezes, hiccups, and frequent
yawns may also be considered subtle expressions of autonomic stress in the
neonate and are very commonly seen in normal term infants. Many of the
items on the Finnegan Neonatal Abstinence Score are signs and symptoms of
autonomic dysregulation.

2. Assessment of the motor system begins with noting extremity and axial tone,
particularly looking for asymmetries, such as those seen in brachial plexus
injuries. An asymmetric grimace during crying may indicate injury to the sev-
enth cranial nerve (especially if accompanied by incomplete ipsilateral eyelid
closure) or congenital absence or hypoplasia of the depressor angularis oris
muscle, a condition that becomes less noticeable over time. Self-regulatory
motor activities such as hand-to-mouth efforts, tucking, bracing, grasping,
or dysregulatory motor activities such as arching, flailing, and hand splaying
should also be noted. The motor portion of the neurologic examination is
completed by elicitation of the primitive reflexes including palmar and plantar
grasp, Babinski, Moro response, root, suck, Galant, tonic neck reflex, step-
ping, and placing and observation of the quality and quantity of the infants
motor activity.

3. The six behavioral states of the newborn are deep sleep, light sleep, drowsiness,
quiet alertness, active alertness (or fussing), and crying. Aspects of the state
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system that can be observed include the clarity of the infant’s states, the range
of states displayed, the way in which the newborn moves between states, the
ability to protect sleep from outside stimulation, and the quality of crying and
ability to be consoled.

b

Finally, the newborn’s responsiveness to the outside world can be observed.
The ability to engage socially may be noted, including the ability to fix on
and follow a face and voice. Response to inanimate stimuli such as the ability
to fix on and follow a small, high-contrast object (such as a bright red ball) or
respond to a sound such as a bell or rattle can also be observed.

L. Summary. All expectant parents hope for a healthy child and worry about the
possibility of abnormality or illness in their infant. Whether the newborn exam-
ination is performed with the parents or alone in the nursery, the care provider
should summarize the findings of the initial assessment for the parents. Most
newborns have normal physical examinations and smooth transitions from fetal
to extrauterine life; although perhaps mundane knowledge for care providers, this
is a source of delight and reassurance to the family. When problems or abnormal-
ities are uncovered in the initial newborn assessment, it is of critical importance
that they are discussed clearly and sensitively with parents, including any plans
for further evaluation, monitoring, or treatment.
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Care of the Well Newhorn

Heena K. Lee and Elizabeth Oh

KEY POINTS

* Family-centered care promotes the initiation of breastfeeding and early bonding.

* Evaluate perinatal history and perform a structured examination to detect devia-
tion from “normal’’

¢ Ensure that the mother is prepared to care for the infant at home.

* Routine care of the well newborn includes screening and prevention measures.

Care of a newborn begins with care in pregnancy, care at birth, and continued after the
baby is born.

I. PREPARATION BEFORE BIRTH OF BABY. Review maternal records for maternal
age, previous pregnancy outcomes, weight gain in pregnancy, consanguinity, history of
any medical disease, obstetric complication, medications taken (native medicines, drugs,
abortifacients), sociodemographic background including alcohol and drug use, pregnancy
screening tests, and ultrasound reports. It is important to ask the mother and her caretak-
ers, and not depend on the medical records alone, important information may be missed.
A sensitive enquiry, ensuring privacy must be made regarding previous obstetric adverse
outcomes, consanguinity, family history of infant deaths, or development disorders.

Prenatal screening test results should be reviewed and documented on the infant’s chart
at the time of delivery. Maternal prenatal screening tests typically include the following:
= Blood type, Rh, and antibody screen
m Hepatitis B surface antigen (HBsAg)
= Serologic test for syphilis
® Human immunodeficiency virus (HIV)
® Glucose tolerance test
= Antenatal testing results, including serum markers for aneuploidy, and ultraso-

nography results

Il. CARE AT BIRTH. The transition from fetal life to extrauterine life involves dramatic
changes in physiology. Fortunately, in most babies, this is seamless and requires no
formal evaluation or support. During this period, the infant’s pulmonary vascular re-
sistance decreases, blood flow to the lungs is greatly increased, oxygenation improves
rapidly, and the ductus arteriosus begins to constrict or close.
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Interruption of normal transitioning, usually due to complications occurring in
the peripartum period, will necessitate resuscitation at birth and cause signs of dis-
tress in the newborn.

Common signs of disordered transitioning are the following:
® Poor cry at birth/poor respiratory efforts

= Poor tone and movements

® Poor color/perfusion/heart rate

m Respiratory distress + cyanosis

If the neonate requires only initial steps of resuscitation (tactile stimulation or
short positive-pressure ventilation), observation near the mother may be considered.
The neonate may be observed closely near the mother (in the same room, in an
observation area near the birthing bed, or in a neonatal nursery/ICU based on the
severity of illness/anticipated morbidities).

Babies who required significant resuscitation (chest compression, medications,
prolonged positive-pressure ventilation) or with major malformations, prematurity, low
birth weight, maternal diabetes, Rh negative blood group, etc., may have morbidities
that may appear or progress in the first few hours; this necessitates shifting away from
the mother to a special care area (neonatal intensive care unit [NICU]).

AVOID SEPARATION OF NORMAL (WELL) BABY FROM MOTHER. Every effort
should be made to avoid separation of the mother and the infant especially during the
first hour (even minutes) of life (the “golden hour”), in order to promote immediate
inidation of breastfeeding and early bonding through skin-to-skin contact. Delay
detailed examination (including taking birth weight), to allow the opportunity to
breastfeed, immediately after birth. Healthy newborns must room-in with their moth-
ers. These recommendations follow the global Baby-Friendly Initiative of the World
Health Organization (WHO) and the United Nations Children’s Fund (UNICEF) to
improve exclusive breastfeeding. Family-centered maternity care, in which the nurse
cares for the mother and the baby together in the mother’s room (couplet care), facil-
itates mother craft and supports this Baby-Friendly Initiative.

Ciriteria for couplet care with the mother (no separation from the mother) must
be as per the unit protocol, for example, a well-appearing infant with 35 weeks’ ges-
tation age or more than 2 kg birth weight may stay with the mother.

Security systems to protect from abduction of newborns are as follows:

® Identification (ID) bands with matching numbers are placed on the newborn
and the mother, as soon after birth as possible. Transport of infants between areas
should not occur until ID banding has been confirmed. Many nurseries use elec-
tronic security systems (bar code, blue tooth, radiofrequency) to track newborns.

= All staff are required to wear a picture ID badge, and parents should be instructed
to allow the infant to be taken only by someone wearing an appropriate ID badge.

ROUTINE CARE. Physical assessments, administration of medications, and routine
laboratory tests should occur in the mother’s room or close to her room (in presence
of a family member).

For family-centered maternity care, nursing ratios should not exceed 1:4 mother—
baby couplets.

Universal precautions should be used with all patient contact.
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Infant’s weight, head circumference, and length are recorded. On the basis of these
measurements, the infant is classified as average for gestational age (AGA), small for
gestational age (SGA), or large for gestational age (LGA) (see Chapter 7).

If the gestational age of the infant is uncertain, an assessment of the gestational age
can be performed using the expanded New Ballard Score (see Chapter 7).

The infant’s temperature is stabilized with skin-to-skin contact with the mother
at birth. The baby should be wrapped in cotton wraps, caps, socks, and mittens.

FEEDING. Breastfeeding should be started at the earliest given opportunity, pref-
erably during the first golden hour. Details about each feeding session should be
recorded in the infant’s medical record.

Exclusive breastfeeding for the first 6 months of a newborn’s life has long been the
goal of the WHO, U.S. Department of Health and Human Services, American Academy
of Pediatrics (AAP), and American College of Obstetricians and Gynecologists.

Mothers should initiate breastfeeding as soon as possible after delivery, preferably
in the delivery room, and then the infant should be fed on demand, 8 to 12 times
per day during the birth hospitalization (see Chapter 22).

Consultation with a lactation specialist during the postpartum hospitalization is
strongly recommended for all breastfeeding mothers.

SKIN CARE. The first bath is given with warm tap water and nonmedicated soap.
Avoid the routine dip baths till the baby is in hospital due to the risk of infections.
Daily sponging should be done at least once a day with clean water.

There are several acceptable practices for umbilical cord care. Dry cord care is gen-
erally sufficient. Routine application of antibiotics and antiseptics should be avoided.
Evidence suggests that the use of 7.1% chlorhexidine is justified in community set-
tings with high neonatal mortality rate and unclean cord practices. Keeping the cord
dry also promotes earlier detachment of the umbilical stcump. The diaper should be
folded below the umbilical cord to avoid the risk of infection. Each eye should be
cleaned from the inner to the outer canthus using separate sterile swabs (one for each
eye) dipped in sterile or distilled water. Routine daily cleaning is not recommended.

MEDICATIONS

A. A single, intramuscular dose of vitamin K; (phytonadione; 1 mg IM) should be
given to all newborns before 24 hours of age to prevent vitamin K deficiency
bleeding (VKDB). Currently available oral vitamin K preparations are not rec-
ommended (see Chapter 43).

B. Vaccinations

® Hepatitis B: Administration of the first dose of preservative-free, single-antigen
hepatitis B vaccine is recommended for all infants during the newborn hospi-
talization, even if the mother’s HBsAg test is negative (see Chapter 48).
Hepatitis B vaccine is administered by 12 hours of age when the maternal
HBsAg is positive or unknown. Infants of HBsAg-positive mothers require
hepatitis B immune globulin in addition to vaccine (see Chapter 48).

= BCG vaccine is administered in most Asian countries. It is known to protect
against serious forms of tuberculosis. The vaccine is given intradermal on the arm.
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® Oral polio vaccine (OPV)—zero dose—is mandatory in India. It is of great
value, as many of the newborns in India may not return for any further vac-
cination. The risk of vaccine-associated polio due to live strains is not noted.

VIIl. ROUTINE ASSESSMENTS

A. The physician should perform a complete physical examination within 24 hours
of birth.

B. The physical examination should start with the observation of the newborn’s gen-
eral appearance, posture, and movements followed by head-to-toe examination. Do
not forget to palpate the femorals and examine the genitalia, hips, and spine for any
deformity or malformation. Always check for vital signs, including respiratory rate,
heart rate, and axillary temperature, every 8 to 12 hours and record them.

C. Each urine and stool output is recorded in the infant’s chart. The first urination
should occur by 48 hours of age. The first passage of meconium is expected by
24 hours of age. Delayed urination or stooling is a cause for concern and must
be investigated.

D. Weights are recorded in the infants chart. Weight loss in excess of 7% to 10% of
birth weight should be investigated. Look for attachment and positioning of the
neonate. Lactation support is important to help determine further management.
If caloric intake is thought to be adequate, organic etiologies should be consid-
ered, such as infection, metabolic, or thyroid disorders.

. SCREENING

A. Screening for neonatal sepsis risk

All newborns should be screened for the risk of infections from the mother —
gestational age <37 weeks, maternal intrapartum temperature >2100.4°F (38°C),
rupture of membranes >18 hours, and signs of chorioamnionitis.

B. Glucose screening

1. Infants should be breastfed early and frequently to prevent hypoglycemia;
healthy normal newborns require no glucose screening

2. Infants of diabetic mothers (see Chapter 2), infants who are SGA or LGA,
and preterm infants should be screened for hypoglycemia in the immediate
neonatal period (see Chapter 24).

C. Newborn metabolic screening

1. The AAP, March of Dimes, and American College of Medical Genetics rec-
ommend universal newborn screening for specific disorders for which there
are demonstrated benefits of early detection and efficacious treatment of the
condition being tested (see Chapter 60). Indian Academy of Pediatrics (IAP)
recommends routine screening for congenital hypothyroidism. In populations
in whom glucose-6-phosphate dehydrogenase (G6PD) is common, screening
is advised by IAP. Many state governments and private sector hospitals screen
for various metabolic disorders. There is no national recommendation.

2. Routine collection of the specimen is between 48 and 72 hours of life.
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D. Bilirubin screening

=

1.

4.

5.

Before discharge, all newborns should be screened for the risk of subsequent de-
velopment of significant hyperbilirubinemia. A predischarge serum or transcuta-
neous bilirubin measurement combined with risk factor assessment best predicts
subsequent hyperbilirubinemia requiring treatment. A total serum bilirubin
measurement can be obtained at the time of the newborn metabolic screen.

. Risk factors for developing significant hyperbilirubinemia include hemolytic

disease, prematurity, G6PD deficiency, ethnicity (especially East Asian), pres-
ence of cephalohematoma or significant bruising, exclusive breastfeeding with
weight loss, and a sibling history of phototherapy treatment.

. Jaundice during the first 24 hours of life is considered pathologic and warrants

a total serum bilirubin level.

The bilirubin result should be plotted and interpreted on an hour-specific
nomogram to determine the need for phototherapy (see Chapter 26).

Parents should be given verbal and written information about newborn jaundice.

Hearing screening

1.

Routine screening for hearing loss in newborns is mandated in most states
(see Chapter 68) as outlined by the AAP and the Joint Committee on Infant
Hearing. The IAP also recommends universal screening for hearing impairment.

. Verbal and written documentation of the hearing screen results should be pro-

vided to the parents with referral information when needed. Parents must be
explained that a ‘retest’ hearing screen does not mean that the baby is hearing
impaired. The need to follow up should be clearly explained and documented.

Critical congenital heart disease screening

1.

Screening for critical congenital heart disease (CCHD) using pulse oximetry
has been endorsed by the AAP, the American Heart Association, and the
American College of Cardiology Foundation (see Chapter 41). The pulse
oximetry screening should be performed in all neonates after 24 hours of age
or prior to discharge, whichever is earlier.

CCHDs are congenital heart defects requiring surgery or catheter intervention
within the first year of life. In combination with a physical examination, pulse
oximetry has been demonstrated to increase the ability to identify certain
CCHDs in newborns prior to discharge from the hospital and, in some new-
borns, before audible murmurs or other symptoms appear.

. Pulse oximetry screening (of preductal and postductal oxygen saturations) is

most likely to help diagnose the following seven CCHD:s:
a. Hypoplastic left heart syndrome

b. Pulmonary atresia

c. Tetralogy of Fallot

d. Total anomalous pulmonary venous return

e. D-Transposition of the great arteries

f. Tricuspid atresia

g. Truncus arteriosus
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)

4. Other CCHDs that may not be detected as consistently with pulse oximetry
include coarctation of the aorta, double-outlet right ventricle, Ebstein’s anomaly,
interrupted aortic arch, single ventricle, and L-transposition of the great arteries.

5. A normal pulse oximetry reading does not rule out all congenital heart diseases.
Conversely, a low pulse oximetry reading does not always signify congenital
heart disease; it may reflect a newborn’s transitional postnatal circulation or a
noncardiac disorder, such as sepsis or pulmonary process (transient tachypnea
of the newborn, meconium aspiration syndrome, pneumonia, pulmonary
hypertension of the newborn, pneumothorax).

Predischarge checklist

® Adequacy of oral intake: This includes a minimum of eight feeds per day, change
of meconium to transitional green/yellow stool by the second to third day; and
one to two urine voids on the first 2 days and six to eight per day thereafter.

® No significant jaundice; follow-up for jaundice should be scheduled and
parents educated on its importance.

® The infant’s vital signs are documented to be within the normal ranges (with
appropriate physiologic variations) and stable.

= Clinical course and physical examination reveal no abnormalities that require
continued hospitalization.

® Maternal and infant laboratory tests have been reviewed.

® Vitamin K, BCG, OPV, and hepatitis B have been given.

® Screening protocol (metabolic, hearing, CCHD) as per institution has been
completed.

m Parents should be explained regarding immunization schedule with the date of
next immunization visit mentioned on the discharge card.

® Parental competency to care for the newborn has been demonstrated.

® Family, environmental, and social risk factors have been assessed.

® A primary care physician has been identified.

® Danger signs and signs of illness including fever, irritability, lethargy, poor

feeding pattern, difficulty in breathing, rapid breathing, or presence of abnor-
mal movements have been explained to the parents.

Special care - late preterm. Late preterm infants (born between 35 0/7 to 36 6/7
weeks gestation) are often not separated from the mother. Although born preterm,
and deserve more care, most of these big looking babies are considered as “near
term/near normal” by families and often even by medical teams. However, they are
at a greater risk for morbidity and mortality than term infants and are more likely
to encounter problems in the neonatal period such as jaundice, temperature insta-
bility, feeding difficulties, and respiratory distress. Late-preterm infants are usually
not expected to meet the necessary competencies for discharge before 48 hours of
age. In India, there is no structured follow-up by primary care physician or nurse
practitioner visiting home. Follow-up is unreliable with a majority of people being
from lower income group. Hence, it is unsafe to discharge these babies by 48 hours;
discharge may be delayed till feeding is established and jaundice assessment is com-
plete by 4 to 5 days.
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X. B. Special care - care of well newborn in the COVID era. Possible risk of verti-
cal transmission of SARS-CoV-2 is very low (less than 3%). All global agencies
including the WHO and UNICEF suggest routine care along with direct breast-
feeding to continue, while observing respiratory and hygienic precautions.

XI. FOLLOW-UP

A. For infants discharged before 48 hours of life, an appointment with a health
care provider should be arranged within 48 hours of discharge. If early follow-up
cannot be ensured, early discharge should be deferred.

=

For newborns discharged between 48 and 72 hours of age, outpatient follow-up
should be within 2 to 3 days of discharge. Timing should be based on the risk for
subsequent hyperbilirubinemia, feeding issues, or other concerns.

O

The follow-up visit is designed to perform the following functions:

1. Assess the infants general state of health including weight, hydration, and
degree of jaundice and identify any new problems.

2. Look for danger signs.
3. Review feeding patterns; encourage and support breastfeeding.
4. Review the adequacy of stool and urine patterns.

5. Provide referral for lactation support if feeding and elimination patterns are
not reassuring.

6. Assess the quality of mother—infant bonding.

7. Reinforce maternal or family education.

8. Review results of any outstanding laboratory tests.

9. Perform screening tests in accordance with state regulations.

10. Assess parental well-being and screen for maternal postpartum depression.

XIl. PARENTAL EDUCATION. Parental education on routine newborn care should be
started during antenatal visits, and continued until discharge from birth admission
and also on follow-up visits. Written information in addition to verbal instruction may
be helpful, and communication by online videos or interaction has been found to be
effective, especially as COVID pandemic has necessitated physical distancing.
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Genetic Issues Presenting
in the Nursery

Carlos A. Bacino

KEY POINTS

* Approximately 2% to 3% newborns have a major birth defect.

* Major birth defects have health or social consequences; minor birth defects are
mere “markers” to look for major defects.

* The concept of recognized syndromes (multiple system defects that occur together)
aids the clinician to look for other defects.

* Underlying basis for birth defects may have its origin in abnormal development
(embryology) or may be altered after normal development due to mechanical/
vascular or other factors.

I. GENERAL PRINCIPLES. Approximately 2% to 3% of newborns have a major birth
defect and require genetic evaluation. Anomalies may be detected antenatally or
after birth and may be consistent with a well-known syndrome or may be sporadic
anomalies. Other neonatal presentations such as ambiguous genitalia, inborn
errors of metabolism (IEM), unexplained seizures, extreme hypotonia necessitating
ventilator support, feeding difficulties, or growth abnormalities (growth restriction,
disproportion, overgrowth) may need genetic evaluation. A thorough clinical
evaluation requires a detailed prenatal history, a family history, and a comprehensive
clinical exam, often including anthropometric measurements.

A. Classification of congenital anomalies based on their severity.

1. Major malformations are structural abnormalities that have medical or social
consequence. They may require surgical intervention. Examples include cleft
palate and congenital heart disease such as tetralogy of Fallot.

2. Minor malformations are anomalies with no direct health or social signifi-
cance. They are common; 15% of children are born with a minor malforma-
tion. Presence of these may point to (be a marker for) a major malformation/
genetic problem. A single transverse palmar crease or partial syndactyly is an
example. Minor anomalies may aid in the diagnosis or recognition of a specific
syndrome. Infants with one minor malformation may have a 3% chance of
a major anomaly, 10% of babies with two minor malformations may have a
major malformation, and 20% to 25% of babies with three or more minor
malformations are at risk for having a major malformation or a syndrome.
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3. Common variants, These are structural changes that represent one end of
normal spectrum, and do not amount to an abnormal development, for
example, sacral dimple and broad forehead.

B. Classification of birth defects based on clinical presentation. Birth defects
may be a single-system defect (isolated cleft lip/palate, congenital heart disease)
or multiple system defect.

Multiple system defects can be classified as follows:

= A syndrome consists of a constellation of anomalies that are often seen to-
gether and are due to single underlying cause, e.g., Down’s syndrome due to
trisomy 21 or Turner’s syndrome.

m Associations are clusters of malformations that occur together more frequently
than occur sporadically, but their association is not strong enough to classify as
a syndrome. The word association is reserved for malformations occurring to-
gether with no unifying (common) cause. For example, VACTERL association
(vertebral, anal, cardiac, tracheoesophageal fistula, renal, and limb—radial ray
defects), in which at least three anomalies are required.
The CHARGE association is now called CHARGE syndrome, as the spe-
cific genetic anomaly (CHD 7) has been identified.

m Sequence is defined as a pattern of multiple anomalies derived from a single
known or presumed cause, but are embryologically unrelated defects. It may be a
cascade due to mechanical factors—Potter sequence and Pierre Robin sequence.

m Complex is a multiple system malformation due to a change in the develop-
mental filed (unit).

A developmental field is a group of embryonic structures that respond as a
unit. Their development is temporally and spatially controlled and coordinated.
The evidence of such developmental fields comes from observation of same
defects due to different causes.

C. Classification of birth defects based on their pathogenic mechanisms

= Malformation is reserved for abnormalities caused by failure or inadequate
completion of one or more of the embryonic processes. An example is
neural tube defects caused by failure in the closure of neuropores.

Disruptions are defects due to extrinsic events that alter structures that have
already developed normally. These events can be due to compromise in circula-
tion, examples - atresia may be due to compromise in gut circulation, amputation
of digits by amniotic band may be due to physical compression.

® Deformations can occur when physical forces act on previously formed
structures. Examples of deformations include uterine crowding or oligohy-
dramnios that results in plagiocephaly or clubfeet.

Dysplasia refers to abnormal cellular organization or function within a specific
tissue type throughout the body resulting in abnormality. Examples include
skeletal dysplasia and ectodermal dysplasia.

Il. INCIDENCE. The Centers for Disease Control and Prevention (CDC) monitor rates of
birth defect in the United States (htep://www.cdc.gov/ncbddd/birthdefects/data.html).
Approximately 1 in 33 children have a birth defect. In the United States, infants
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V.

with birth defects account for 20% of infant deaths. As per the WHO March of
Dimes report, birth defects account for 7% of all neonatal mortality globally. Major
congenital anomalies are noted in 20% to 30% of stillbirths.

In India, the birth defect prevalence varies from 61 to 69 per 1,000 live births.

ETIOLOGY. The etiology of approximately 50% of birth defects are unknown. Of the
remainder, etiology is attributed as follows: 6% to 10% chromosomal, 3% to 7.5%
single-gene Mendelian disorders, 20% to 30% multifactorial and 4% to 5% envi-
ronmental exposures. The use of molecular diagnostic technique helps to establish
the etiology in most cases.

APPROACH TO AN INFANT WITH BIRTH DEFECTS

A. A comprehensive history is an important step in evaluating an infant with a birth

defect.
1. Prenatal history should include the following:

a. Chronic maternal illnesses including diabetes (insulin- and non—insulin-de-
pendent), seizures, hypertension, heart disease (valvular heart disease),
myotonic dystrophy, phenylketonuria, autoimmune disorders (Systemic
Lupus Erythematosus [SLE]), Graves disease, and hypothyroidism (see
Table 10.1 for prenatal exposures and fetal effects) should be documented.

Table 10.1. Well-Recognized Human Teratogens

Exposure Type Fetal Effect
Drugs
Aminopterin/methotrexate Growth restriction, clefting, syndactyly, skeletal

defects, craniosynostosis, dysmorphic features

Retinoic acid CNS defects, microtia, ID, conotruncal defects:
VSD, ASD, TOF

Lithium Ebstein anomaly

Propylthiouracil, iodine Hypothyroidism

Methimazole Hypothyroidism, aplasia cutis

Warfarin Skeletal anomalies, stippled epiphyses, nasal
hypoplasia

ACE inhibitors Skull defects, renal hypoplasia/agenesis

Alcohol Fetal alcohol syndrome or alcohol-related neuro-

developmental disorders

Thalidomide Limb reduction defects

(Continued)
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Table 10.1. Well-Recognized Human Teratogens (Continued)

Valproic acid Neural tube defects

Phenytoin Dysmorphic features, nail hypoplasia, cleft lip and
palate, ID, growth restriction

Diethylstilbestrol Clear cell cervical cancer in female progeny

Cocaine Vascular disruptions, CNS anomalies

Misoprostol (Cytotec)

Limb malformations, absent digits

Statins (HMG-CoA reductase
inhibitor)

Limb defects, CNS abnormalities, congenital
heart disease

Danazol and other androgenic drugs

Virilization in female fetus

Maternal conditions

Maternal phenylketonuria

Microcephaly, ID

Myasthenia gravis

Neonatal myasthenia

Systemic lupus erythematosus

Cardiac conduction abnormalities

Diabetes

Neural tube defects, sacral agenesis, congenital
heart disease, renal anomalies

Other exposures

Radiation

Miscarriage, growth restriction

Prolonged heat exposure

Microcephaly

Smoking Growth restriction

Lead Low birth weight, neurobehavioral and neurologic
deficits

Mercury CNS anomalies, neurobehavioral and neurologic
deficits

Infections

Varicella Limb scars

Cytomegalovirus Microcephaly, chorioretinitis, ID

Toxoplasmosis Microcephaly, brain calcifications, ID

Rubella Microcephaly, deafness, congenital heart disease,
1D

Parvovirus Fetal anemia, nonimmune hydrops fetalis

Zika virus Microcephaly

ACE, angiotensin-converting enzyme; ASD, atrial septal defect; CNS, central nervous system; ID,
intellectual disability; TOE tetralogy of Fallot; VSD, ventricular septal defect.
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b. Drug exposures include prescribed drugs, such as antihypertensives (angioten-
sin-converting enzyme inhibitors), seizure medications, antineoplastic agents
(methotrexate), anticoagulants (warfarin), and illicit drugs (cocaine). Other
drugs that may result in birth defects include misoprostol (used to induce abor-
tions). Timing of the exposure is important. Teratogenic agents tend to have
their maximum effect during the embryonal period, from the beginning of the
fourth to the end of the seventh week post fertilization, with the exception of
severe forms of holoprosencephaly when exposure may occur around or before
23 days (see Appendix B).

c. Infections and immunizations: Ask for clinical features or diagnosis in the
antenatal period for infection with toxoplasmosis, rubella, cytomegalovirus,
herpes, and syphilis (TORCHS), varicella, parvovirus, HIV, hepatitis B,
and Zika virus. Enquire the immunization status especially against rubella,
varicella, and hepatitis B.

d. Other exposures may include alcohol, physical agents such as x-rays and
high temperature, chemical agents like tobacco (see Table 10.1).

e. Nutritional status: Undernutrition, obesity and periconceptional folic acid in-
take, and any other micronutrient deficiency disorder should be documented.

f. Fertility issues and the use of reproductive assistance (e.g., history of mul-
tiple miscarriages, in vitro fertilization [IVF], or medications to stimulate
ovulation) should be documented. Genetic disorders such as Beckwith—
Wiedemann syndrome, Silver—Russell syndrome, and Angelman’s syn-
drome that can be caused by imprinting defects (epigenetic mutations)
have been seen more often in children conceived by assisted reproductive
technology using intracytoplasmic sperm injection (ICSI).

g. Multiple gestations (see Chapter 11) should be documented.

h. Quality and frequency of fetal movements should be documented. Rapid
and intense movements could be due to fetal seizures, whereas decreased
movement can be seen with spinal muscular atrophy, Prader—Willi syn-
drome, and other congenital myopathies.

i. First and second trimester screening include triple and quad screens. First
trimester screening combines the use of nuchal translucency with serum
levels of pregnancy-associated plasma protein A (PAPP-A) and human
chorionic gonadotropin (hCG) measured as free beta subunit (B-hCG) or
total hCG. The second trimester screen includes alpha-fetoprotein (AFP),
unconjugated estriol (uE3), and free B-hCG for the triple screen, plus in-
hibin A, as part of the quad screen. The combined or sequential screening is
having a detection rate of 80% to 95% depending on the screening strategy
with a false-positive rate of 5%. A low maternal serum alpha-fetoprotein
(MSAFP) level can be seen in trisomies 21, 18, and 13. A high MSAFP
may be a sign of multiple gestation, open neural tube defect, abdominal
wall defect, impending fetal death, congenital nephrosis, or epidermolysis
bullosa. A high hCG can be seen with trisomy 21, whereas a low hCG may
occur with trisomies 18 and 13.

j- Prenatal studies include ultrasonography (any anomaly detected), magnetic
resonance imaging (MRI) and chromosome or microarray studies done
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on samples obtained by amniocentesis, chorionic villi sampling (CVS), or
percutaneous umbilical blood sampling.

. Noninvasive prenatal screening (NIPS) is slowly replacing the first and

second trimester screens. This technique consists of the analysis of cell-free
fetal DNA present in the maternal serum. Massive parallel sequencing
of maternal and placental (fetal) fragments of DNA is possible through
next-generation sequencing (NGS) platforms. As per the American College
of Medical Genetics (ACMG) recommendation, NIPS is the most sensitive
screening option for the common trisomies such as trisomy 21 (Down’s
syndrome, sensitivity 99.4%, specificity 99.9%) and trisomy 18 (sensitivity
97.7%, specificity 99.9%). Sensitivity is lower for trisomy 13 (90.6%) and
sex chromosome (92%): NIPS is not recommended for screening other
trisomies and copy number variants such as 22q11 deletion syndrome.
NIPS is used in high-risk situations such as advanced maternal age and
abnormal ultrasound examinations where positive predictive value (PPV)
will be high. For low-risk presentations, conventional first and/or second
trimester screens are preferred. The American College of Obstetricians
and Gynecologists (ACOG) recommend conventional screening methods
as the most appropriate choice for first-line screening for most women in
the general obstetric population. Before any prenatal screening test, the
couple should be informed on various aspects of the test through pretest
counseling. If the screening test is positive, they should be offered post-test
counseling and offered options for definitive prenatal testing.

. Newer forms of NIPS include 22q11.2 microdeletions (DiGeorge/velocar-

diofacial syndrome [VCEFS]) and Wolf-Hirschhorn deletion. However, in
view of low PPV (0% to 21%) and high false-positive rate (79% to 100%),
it should not be used in the general population (not recommended by the
ACOG and ACMG). At present, NIPS has little clinical application in the
prenatal screening or diagnosis of monogenic disorders.

. Family history should include the following questions:

a.

Are there any previous children with multiple congenital anomalies?

b. What is the ethnicity of the parents? Some diseases are more prevalent in

€.

specific populations.

. Is there consanguinity, or are the parents from the same geographic area?

What is the population size of the parents’ community? In cases of rare
autosomal recessive disorders, the parents may be related.

. Is there a history of infertility, multiple miscarriages, multiple congenital

anomalies, neonatal deaths, or children with developmental delay? These
can be secondary to a balanced chromosome rearrangement in one of the
parents but unbalanced in the progeny.

Three generation pedigree should be constructed.

. Prenatal and perinatal events should be evaluated.

a.

What was the fetal presentation, and for how long was the head engaged? Was
there fetal crowding (may occur with multiple gestation) such as might occur
with multiple gestation? Are there uterine abnormalities (e.g., septate uterus,
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4.

myomatosis, various deformations, sagittal synostosis, and clubfeet can be
caused by fetal constraints)?

b. What was the growth pattern throughout gestation? Was there proportion-
ate or disproportionate growth restriction?

c. Was there any history of polyhydramnios (gastrointestinal tract [GIT]
anomalies) or oligohydramnios (renal dysplasia)?

d. What was the mode of delivery? Was there fetal distress or any event poten-

tially leading to hypoxemia?

Placenta appearance: Is there evidence of placental infarcts? Is the umbilical

cord normal (inspection of the cord may reveal severe narrowing, clots, or

knots)?

Neonatal events

o

a. What were the Apgar scores? Was resuscitation needed? Was intubation and
ventilator assistance needed? Were there severe feeding difficulties necessi-
tating parenteral nutrition or tube feedings? Were there neonatal seizures?
Was there hypotonia or hypertonia?

B. Physical examination

1.

2.

b

Anthropometric measurements. The assessment of growth parameters is ex-
tremely valuable to determine growth patterns such as restriction, overgrowth,
disproportion, asymmetry, or micro/macrocephaly. In addition, precise mea-
surements of anatomic structures and landmarks can aid the diagnostic eval-
uation process. Examples are ear length, eye measurements for hypertelorism
or hypotelorism (widely or closely spaced eyes), finger length, and internipple
distance. Extensive reference tables for many of these measurements are avail-
able for children of all ages, including preterm infants starting at 27 weeks’
gestation (see the section “Suggested Readings”).

A thorough clinical evaluation is needed to document the presence of dys-
morphic features: head shape (e.g., craniosynostosis, trigonocephaly, brachy-
cephaly); ear shape (e.g., microtia, ear pits, or tags) and positioning; eye
examination (micro-opthalmia, cataract, etc.), midface hypoplasia, cleft lip/
palate, micrognathia, and short neck; joint contractures (arthrogryposis) and
dislocations; spine abnormalities (neural tube defects [NTD], sinus, scoliosis,
etc.); genitalia (abnormality, Prader staging); and dermatological (Mongolian
spot, bullous lesion, pigmentary lesion, etc.) and limb anomalies (e.g., asym-
metry, clinodactyly, brachydactyly, polydactyly). A good clinical description
can aid the diagnosis as features can be matched to those in a database such
as London Dysmorphology Database or Pictures of Standard Syndrome and
Undiagnosed Malformations (POSSUM). Other diagnostic aids are text books
(Smith’s Recognizable Patterns of Human Malformations), web-based (OMIM,
Phenomizer), and digital applications (Face2Gene). Some physical findings
can be obscured by aspects of clinical care such as endotracheal tube position
and taping or intravenous armboard and tape over the limbs. In this case, the
infant should be re-examined when these are no longer present.

Ancillary evaluations include a hearing screen (otoacoustic emission [OAE]
and automated auditory brainstem response [AABR]) that is done typically
before discharge from the nursery or neonatal intensive care unit (NICU) and
an ophthalmologic evaluation.



General Newborn Condition 135

C. Laboratory studies

1. Genetic laboratory studies

a. Chromosome studies are typically performed on whole blood drawn into

C

sodium heparin tubes. The T lymphocytes in the blood are stimulated
with mitogens, cultured for 72 hours, placed on slides, and karyotype done
with banding techniques such as Giemsa trypsin G-banding (GTG). In ex-
tremely ill infants, those with immunosuppression, or who have low T-cell
counts (as in DiGeorge’s syndrome), cell growth may be impaired and cell
stimulation fails. In this case, it is preferable to perform a molecule-based
assay such as array comparative genomic hybridization (aCGH) (see the
following discussion). In the past, a punch skin biopsy would be performed
to obtain chromosomes from skin fibroblasts, but this is no longer rou-
tinely done, as there is delay in obtaining results to several weeks. However,
chromosome studies on the skin are reserved in some cases of suspected
chromosome mosaicism. Chromosome studies can detect up to 5% of ab-
normalities. Tables 10.2 and 10.3 list the main clinical findings of the most
common chromosome aneuploidies.

Fluorescent in situ hybridization (FISH) studies can be useful for the
rapid detection of aneuploidies. These studies are done on unstimulated
interphase cells, and the results are typically available in a few hours or
overnight. Rapid FISH is used for evaluation in trisomies 13 and 18 and
for sex chromosome testing in infants with ambiguous genitalia. More
specific studies, such as FISH for SRY (the sex-determining region on the
Y chromosome), require more time and are done on stimulated metaphase
cells. FISH testing is also useful in the diagnosis of cases with phenotyp-
ically suggestive microdeletion syndrome such as 22q11.2 deletion or
William’s syndrome.

aCGH, also known as chromosome microarray, is a molecular technique
that allows detection of DNA copy number losses (deletions) and copy
number gains (duplications, triplications) of small genomic regions, some-
times even at the level of the exon. This study is based on the comparison
of a known genome from a normal individual against the test sample and
is often done with a matched sex control. Chromosome microarrays can
detect 14% to 16% more abnormalities than conventional cytogenetic
studies (regular karyotype). Disadvantages of microarray testing include
failure to detect inversions, balanced chromosome translocations, and low-
level mosaicism. Any loss or gain of genetic material must be confirmed by
molecular techniques such as FISH, polymerase chain reaction (PCR), or
multiplex ligation-dependent probe amplification (MLPA). Both parents
must be studied after the confirmation to determine whether one of them
is a carrier and to aid with the interpretation of the finding(s) in case it is a
polymorphic variant. Consultation with a cytogeneticist or clinical genetics
specialist is essential to interpret abnormal array results. The most common
microdeletion syndromes detected in newborns are described in Table 10.4.

“Specific disease gene panels” is mainly reserved for single-gene disorders.
They are caused by inherited or new mutations and often transmitted in
a Mendelian fashion, such as autosomal recessive, autosomal dominant,
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and/or X-linked disorders. Many of them can present in newborns as
life-threatening disorders. These include spinal muscular atrophy (exon 7/8
deletion in SMN gene); congenital adrenal hyperplasia (most commonly
due to 21-hydroxylase deficiency); congenital myotonic dystrophy (only
when inherited from an affected mother); osteogenesis imperfecta due to
type I collagen mutations and other rare recessive forms (CRTAR LEPRE-1,
PPIB); holoprosencephaly due to mutations in SHH (accounts for 30% to
40%), ZIC2, TGIE SIX3, PTCH]I, and GLI2; cystic fibrosis due to CFTR
mutations; and autosomal recessive polycystic kidney disease. A number
of IEM are Mendelian disorders. Other non-life-threatening single-gene
disorders that can present in the newborn period include achondroplasia,
due to FGFR3 mutations, and nonsyndromic deafness, due to connexin
26 and connexin 30 mutations. Blood sample for DNA testing should be
collected in EDTA Vacutainer.

e. In certain diseases with high clinical variability (symptoms overlapping
with other disorders) and genetic heterogeneity (multiple genes associated
with the similar phenotype or disease), next generation sequencing-based
multigene panel tests/clinical exome is appropriate for an efficient and
timely molecular diagnosis. For example, diabetes in a child is caused by
multiple genes (ABCCS, KCNJ11, INSZFP57, GCK, IPF1, EIF2AK3, and
others). Exome sequencing studies are performed in the clinical evalua-
tion of children with multiple anomalies who had a normal chromosome
microarray study. This test allows the sequencing of all the exons of the
genome (20,000 genes approximately) in a single pass using NGS, a tech-
nique that reads small stretches of DNA multiple times, making the results
more robust. The exons code for proteins and are the best known compo-
nents of the genes. Exome sequencing detects the etiology in approximately
26% of patients, in whom etiology was not detected by previous studies.
In a small minority of situations, whole genome sequencing may be used,
when intronic variants are expected.

f. Mitochondrial disorders have extreme phenotypic heterogeneity and can
have any mode of inheritance (autosomal recessive or mitochondrial).
Prematurity, intrauterine growth restriction, hypotonia necessitating venti-
lator support, neonatal seizures, and elevated lactate levels are characteristic
of mitochondrial disorders. When mitochondrial disorders are suspected,
cither targeted mitochondrial mutation testing or panel testing of nu-
clear and mitochondrial genes associated with mitochondrial disorders is
appropriate.

g. Methylation testing is the first test recommended for disorders in which
alteration in DNA methylation in specified regions is the pathogenic
mechanism (Prader—Willi syndrome, Angelman’s syndrome, Beckwith—
Wiedemann syndrome, and Russell-Silver syndrome).

2. Other laboratory studies

a. Infection. Toxoplasmosis, rubella, cytomegalovirus, and herpes simplex
(TORCHS) infection may be suspected in children with microcephaly,
cataracts, deafness (cytomegalovirus, rubella, toxoplasmosis), and con-
genital heart disease (rubella). In that case, immunoglobulin G (IgG) and
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immunoglobulin M (IgM) antibodies or polymerase chain reaction-based
testing should be ordered. Brain imaging studies and fundoscopic exam
could reveal brain calcifications and/or chorioretinitis. Parvovirus should
be considered in cases of hydrops fetalis. Zika virus should be considered in
case of unexplained microcephaly. The differential for nonimmune hydrops
also includes several rare lysosomal storage disorders (see Chapter 60).

Metabolic testing for IEM is typically included in newborn screening
programs. In most states, mandatory newborn screening is done initally
between 24 and 48 hours of age. The March of Dimes and the American
College of Medical Genetics and Genomics recommend 29 conditions for
testing. Most of these conditions can be managed by medications and/or
special diets, and treatment in many can be lifesaving. A neonate with a
suspected metabolic disorder should be investigated for hypoglycemia and
absent urine ketones (fatty acid oxidation disorder), nonglucose-reducing
substance in urine (galactosemia), plasma ammonia and urine orotic acid
(urea cycle disorder), arterial blood gas (ABG) with anion gap (acidosis
with increased anion gap), plasma lactate and pyruvate (mitochondrial
disorders), urine organic acids (organic acidemia), plasma amino acids
for aminoacidopathies (e.g., phenylketonuria, tyrosinemia, nonketotic
hyperglycinemia), and tandem mass spectroscopy for acylcarnitine profile
(fatty acid oxidation disorders). Additional metabolic studies considered
for the diagnosis of IEM include very long-chain fatty acids for peroxiso-
mal disorders (Zellweger’s syndrome), sterol panel (Smith—Lemli-Opitz
syndrome associated with low 7-dehydrocholesterol levels), and urine
succinylacetone (tyrosinemia). Appropriate precaution should be taken
during specimen collection; measure lactic acid in whole plasma from a
free-flowing blood sample (ideally arterial). It is important to note that
many IEM will not manifest symptoms until the infant is receiving milk

feedings (see Chapter 60).

D. Ancillary evaluations

1. Imaging studies

a.

&

C.

o

Ultrasonography, brain imaging to detect major malformation and in-
tracranial hemorrhage; abdominal ultrasonogram to detect major liver
and kidney anomalies, and presence and position of testicles/ovaries; and
echocardiography to detect heart defects

Brain MRI, to delineate brain anatomy in greater detail

Magnetic resonance spectroscopy (MRS) in infants with lactic acidosis to
evaluate for mitochondrial disorders

Magnetic resonance angiography (MRA) in infants with vascular malfor-
mations and to rule out further involvement such as arteriovenous fistulas
and hemangiomas

Skeletal survey in children with intrauterine growth restriccion (IUGR),
poor linear growth, and especially if disproportionate growth, to evaluate
for skeletal dysplasias (if fractures are present, a survey can be valuable to
evaluate for osteogenesis imperfecta)
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E. Anatomic pathology

1. Muscle biopsy in children with severe hypotonia can be considered in conjunc-
tion with nerve biopsy to assess for disorders such as congenital muscular dys-
trophy, amyoplasia congenita, and hypomyelination syndromes. Sometimes, a
muscle biopsy can be postponed until the infant is at least 6 months of age to
gather better quality and more complete information.

2. Autopsy studies in stillbirths or infants who die in the neonatal period may
provide a diagnosis and help with counseling and recurrence risks. Good
documentation (including photograph) should be obtained and radiographs
should be considered in addition to pathologic exam. Blood sample should be
collected for karyotype (should be done within 24 hours) and DNA analysis
(stored at —20°C to —70°C for future testing) for the confirmation of diagnosis
and genetic counseling. In a suspected metabolic disorder, a urine sample can
be collected and stored at —70°C for future studies (metabolic autopsy).

W

Placental pathology can be useful in infants with growth restriction. A sample
of the placenta can also be submitted for genetic studies such as karyotyping,.

E. Follow-up

1. Patients with birth defects require close follow-up evaluation after hospital
discharge either to aid in the diagnosis or to educate the family. Because ap-
proximately 50% of patients born with multiple congenital anomalies have no
known diagnosis, the follow-up may reveal new findings that will contribute
to the final diagnosis. This will help to predict the natural history and allow a
proper assessment of the recurrence risk.

2. Infants suspected to be at risk for developmental delay should be referred for
therapy services or early childhood intervention programs.
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Multiple Births

Melinda Markham

KEY POINTS

Twin birth rates continue to climb slowly, whereas higher-order multiple gestation
pregnancies are declining.

Prematurity and low birth weight are the most common complications of multiple
births.

Complication rates are higherin monochorionic thanin dichorionic twin pregnancies.
Laser ablation is the intervention of choice for the treatment of advanced stages of
twin-to-twin transfusion syndrome (TTTS).

I. CLASSIFICATION

A. Zygosity. Monozygotic (MZ) twins originate and develop from a single fertilized
egg (zygote) as a result of division of the inner cell mass of the blastocyst. MZ
twins are the same sex and genetically identical. Dizygotic (DZ) or fraternal twins
originate and develop from two separately fertilized eggs. Triplets and higher-
order pregnancies (quadruplets, quintuplets, sextuplets, septuplets, etc.) can be
multizygotic, MZ and identical, or, rarely, a combination of both.

B. Placenta and fetal membranes. A major portion of the placenta and the fetal
membranes originate from the zygote. The placenta consists of two parts: (i) a
larger fetal part derived from the villous chorion and (ii) a smaller maternal part
derived from the decidua basalis. The chorionic and amniotic sacs surround the
fetus. The chorion begins to form on day 3 after fertilization, and the amnion
begins to form between days 6 and 8. The two membranes eventually fuse to
form the amniochorionic membrane.

1. MZ twins commonly have one placenta with one chorion and two amnions
(monochorionic diamniotic) or, rarely, one placenta with one chorion and
one amnion (monochorionic monoamniotic).

2. If early splitting occurs before the formation of the chorion and amnion
(days 0 to 3), MZ twins can have two placentas with two chorions and two
amnions (dichorionic diamniotic).

3. DZ twins always have two placentas with two chorions and two amnions (di-
chorionic diamniotic); however, the two placentas and chorions may be fused.
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Il. EPIDEMIOLOGY

A. Incidence. The twin birth rate in South Asia is 9 to 16/1,000 live births. Twin
birth rates in India are lesser at 7.7/1,000 live births. However, the rate of twin
birth has been relatively stable over the past 10 years.

1. The rate of MZ twinning has remained relatively constant (3.5 per 1,000 births).

2. The rate of DZ twinning is approximately 10 in 1,000 births. This rate is in-
fluenced by several factors such as ethnicity, parity, maternal age, and the use
of fertility-enhancing therapies. The frequency of DZ twinning has a genetic
tendency that is affected by the genotype of the mother and not that of the
father. In India, approximately three-fourth of twins are DZ.

B. Causative factors. Two main factors account for the increase in multiple births
since the early 1990s: (i) increased use of fertility-enhancing therapies including
assisted reproductive technologies (ARTs) such as in vitro fertilization (IVF), and
non-ART therapies such as ovulation-inducing drugs and artificial insemination;
and (ii) older maternal age at childbearing (peak at 35 to 39 years), which is
associated with an increase in multiples.

lll. ETIOLOGY

A. MZ pregnancies result from the splitting of a single egg between days 0 and 14
postfertilization. The type of placenta that forms depends on the day of embryo
splitting. A dichorionic diamniotic placenta results when early splitting occurs
on days 0 to 3 before chorion formation (which usually occurs about day 3)
and before implantation. A monochorionic diamniotic placenta results when
splitting occurs about days 4 to 7 at which time the blastocyst cavity has devel-
oped and the chorion has formed. Amnion formation occurs on days 6 to 8, and
splitting of the egg after this time (days 8 to 13) results in a monochorionic
monoamniotic placenta. The frequency of placentation types is 30% dichorionic
diamniotic, 70% monochorionic diamniotic, and <1% monochorionic mono-
amniotic. On day 14 and thereafter, the primitive streak begins to form and late
splitting of the embryo at this time results in conjoined twins.

B. DZ pregnancies or multizygous pregnancies result when more than one
dominant follicle has matured during the same menstrual cycle and multiple
ovulations occur. Increased levels of follicle-stimulating hormone (FSH) in the
mother have been associated with spontaneous DZ twinning. FSH levels increase
with advanced maternal age (peak at age ~37 years). A familial tendency toward
twinning has also been shown to be associated with increased levels of FSH.

IV. DIAGNOSIS. Multiple gestational sacs can be detected by ultrasonography as early as
5 weeks, and cardiac activity can be detected from more than one fetus at 6 weeks.

A. Placentation. First-trimester ultrasonography can best determine the chori-
onicity of a multiple gestation; chorionicity is more difficult to determine in
the second trimester. From weeks 10 to 14, a fused dichorionic placenta may
often be distinguished from a true monochorionic placenta by the presence of
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an internal dividing membrane or ridge at the placental surface (lambda sign or
twin-peak sign). The dividing septum of a dichorionic placenta appears thicker
and includes two amnions and two chorionic layers. In contrast, the dividing
septum of a monochorionic placenta consists of two thin amnions, and the
intertwin membrane abruptly ends at the placental site in a “T”-shaped configu-
ration. One placenta, same-sex fetuses, and absence of a dividing septum suggest
monoamniotic twins.

B. Zygosity. DNA typing can be used to determine zygosity in same-sex twins if
this information is desired. Prenatally, DNA can be obtained by chorionic villus
sampling (CVS) or amniocentesis. There is also an increasing evidence on the
possibility of cell-free fetal DNA testing from the maternal blood to determine
zygosity. Postnatally, DNA typing should optimally be performed on the umbil-
ical cord tissue, buccal smear, or a skin biopsy specimen rather than on blood.
There is evidence that DZ twins, even in the absence of vascular connections, can
also carry hematopoietic stem cells (HSCs) derived from their twin. HSCs are
most likely transferred from one fetus to the other through maternal circulation.

C. Pathologic examination of the placenta(s) at birth is important in establishing
and verifying chorionicity.

V. PRENATAL SCREENING AND DIAGNOSIS

A. Zygosity determines the degree of risk of chromosomal abnormalities in each
fetus of a multiple gestation. The risk of aneuploidy in each fetus of an MZ
pregnancy is the same as in a singleton pregnancy, and except for rare cases of ge-
netic discordancy, both fetuses are affected. In a DZ pregnancy, each twin has an
independent risk of aneuploidy; thus, the pregnancy has twice the risk of having
a chromosomal abnormality compared with a singleton.

B. Maternal serum screening for women with multiples is limited because each
fetus contributes variable levels of these serum markers. When levels are ab-
normal, it is difficult to identify which fetus is affected. Monochorionic twins
are assumed as monozygous with a single risk of aneuploidy provided for the
pregnancy. Since majority of dichorionic twins are dizygous, a risk for each twin
is provided based on the first-trimester nuchal translucency value. The detection
rate for Down’s syndrome is lower than in a singleton pregnancy (86% for dicho-
rionic and 87% for monochorionic twins).

C. A second-trimester ultrasonography exam is important in surveying each fetus
for anatomic defects. Second-trimester amniocentesis and first-trimester CVS
can be safely performed on multiples and both are accurate diagnostic procedures
for determining aneuploidy. Cell-free fetal DNA testing on maternal blood in
screening for trisomy 21 can be performed in twin pregnancies and it is superior
to the first-trimester combined screening test (detection rate 98%, false-positive
rate 0.05%). Evidence in screening for trisomy 13/18 is lesser.

VI. MATERNAL COMPLICATIONS

A. Gestational diabetes has been shown in some studies to be more common in
twin pregnancies.
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B. Spontaneous abortion occurs in 8% to 36% of multiple pregnancies with re-
duction to a singleton pregnancy by the end of the first trimester (“vanishing
twin”). Possible causes include abnormal implantation, early cardiovascular
developmental defects, and chromosomal abnormalities. Before fetal viability,
the management of the surviving co-twin in a dichorionic pregnancy includes
expectant management, in addition to close surveillance for preterm labor, fetal
well-being, and fetal growth. The management of a single fetal demise in a mono-
chorionic twin pregnancy is more complicated. The surviving co-twin is at a high
risk for ischemic multiorgan and neurologic injury that is thought to be second-
ary to hypotension or thromboembolic events. Fetal imaging by ultrasonography
or magnetic resonance imaging (MRI) may demonstrate neurologic injury but
would not exclude a poor outcome if normal.

C. Incompetent cervix occurs in up to 14% of multiple gestations.

D. Placental abruption risk rises as the number of fetuses per pregnancy increases.
In a large retrospective cohort study, the incidence of placental abruption was
6.2, 12.2, and 15.6 per 1,000 pregnancies in singletons, twins, and triplets,
respectively.

E. Preterm premature rupture of membranes complicates 7% to 10% of twin
pregnancies compared with 2% to 4% of singleton pregnancies. Preterm labor
and birth occur in approximately 57% of twin pregnancies and in 90% of
higher-order multiple gestations.

F. Pregnancy-induced hypertension (PTH) and preeclampsia are 2.5 times more
common in multifetal pregnancies compared with singleton pregnancies.

G. Cesarean delivery. Approximately 66% of patients with twins and 91% of
patients with triplets have a cesarean delivery. Breech position of one or more
fetuses, cord prolapse, and placental abruption are factors that account for the
increased frequency of cesarean deliveries for multiple gestations.

FETAL AND NEONATAL COMPLICATIONS

A. Prematurity and low birth weight. The average duration of gestation is shorter
in multifetal pregnancies and further shortens as the number of fetuses increases.
The mean gestational age at birth is 36, 33, and 29 1/2 weeks, respectively, for
twins, triplets, and quadruplets. The likelihood of a birth weight <1,500 g is
8 and 33 times greater in twins and triplets or higher-order multiples, respec-
tively, compared with singletons.

B. Intrauterine growth restriction (IUGR). Fetal growth is independent of the
number of fetuses until approximately 30 weeks' gestation, after which growth
of multiples gradually falls off compared with that of singletons. Fetal growth
restriction is defined by the International Society of Ultrasound in Obstetrics and
Gynecology (ISUOG) as an estimated weight of one fetus <10th centile or the
intertwin weight discordance >25%. Selective IUGR (poor growth of one twin)
can be stratified based on umbilical artery flow. The mechanisms of IUGR are
likely uterine crowding, limitation of placental perfusion, anomalous umbilical
cord insertion, infection, fetal anomalies, maternal complications (e.g., maternal
hypertension), and monochorionicity. Monochorionic twins are more likely than
dichorionic twins to have IUGR, perinatal morbidity, and mortality.
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Fetal growth discordance is typically defined as a difference in birth weight of
more than 20% of the larger twin’s weight. It can also be categorized as mild
(<15%), moderate (15% to 30%), or severe (>30%). Risk factors for discordant
growth include monochorionic placentation associated with velamentous cord
insertion, placental dysfunction, preeclampsia, antepartum bleeding, twin-to-
twin transfusion syndrome (TTTS), fetal infection, and fetal structural and
chromosomal abnormalities. The smaller twin has an increased risk of fetal
demise and perinatal death. Five percent to 15% of twins and 30% of triplets
have fetal growth discordance that is associated with a sixfold increase in perinatal
morbidity and mortality.

Intrauterine fetal demise (IUFD) refers to fetal demise after 20 weeks’ gestation
but before delivery and is confirmed by ultrasonographic evidence of absent fetal
cardiac activity. The death of one twin, which occurs in 9% of multiple pregnan-
cies, is less common in the second and third trimesters. The risk of ITUFD is four
to six times greater in MZ pregnancies. Death of one twin can affect the other.

1. Death of one of the MZ twins. MZ twins have placental vascular connections
with resulting shared circulations; there is a significant risk (20% to 40%) of
neurologic injury in the surviving co-twin as a result of associated severe hy-
potension or thromboembolic events on death of the co-twin.

N

Death of one of the DZ twins. Because their circulation is not shared, the
death of one DZ twin usually has minimal adverse effect on the surviving co-
twin. In this case, the co-twin is either completely resorbed if death occurs in
the first trimester or compressed between the amniotic sac of its co-twin and
the uterine wall (fetus papyraceous).

3. Other complications of death. The complications affecting the surviving twin
might include stillbirth, preterm birth, neonatal demise, placental abruption,
and chorioamnionitis.

4. In the event of demise of one monochorionic twin, immediate delivery of
the surviving co-twin should be considered after fetal viability. However, this
does not seem to change the outcome as neurologic injury is thought to occur
at the time of the co-twin’s death. Women who retain the dead fetus are at
an increased risk of preeclampsia and hypertensive disorders. Disseminated
intravascular coagulopathy is a very rare complication in women who retain
the dead fetus for more than 3 weeks. Monitoring of maternal blood pressure,
proteinuria, and coagulation profiles is recommended.

Neonatal mortality. Twin birth is associated with an increased risk of neonatal
mortality compared to singleton births at all gestational ages. Prematurity and
low birth weight are the predominant factors that increase the rates of mortality
and morbidity for multiple births. But the risk of stillbirth in twin pregnancies
increases with advancing gestational age, so delivery is typically considered at 37
to 38 weeks of gestation.

In a retrospective cohort study (of marched US multiple birth and death data
Sfrom 1995 to 2000 in infants without congenital anomalies), the perinatal mortal-
ity rate was greater in twins, and increased threefold and fourfold for triplet and
quadruplet births, respectively. In a large population-based study, Euro-peristat
(29 countries, 5,074,643 births) project, multiple birth rates were found to vary
across regions from as low as 9.1 in Romania to 26 in Cyprus. The prematurity
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rate was 9 times more, fetal loss was 2.4 times more, and neonatal mortality was
7 times higher with multiple births. The study clearly demonstrated that efforts
to reduce multiple gestations will decrease perinatal mortality. Restricting the
number of babies (embryo transfer) in ART and reduction to twins from a higher
number of babies has resulted in better perinatal outcomes. In Turkey, after a
regulation restricted the number of embryo transfers, twins and triplets decreased,
mean gestation and weight of twins increased, and NICU admissions decreased
significantly.

. Neonatal morbidities. Prematurity and growth restriction are associated with an
increased risk of morbidities such as bronchopulmonary dysplasia, necrotizing
enterocolitis, retinopathy of prematurity, and intraventricular hemorrhage (IVH).

. Long-term morbidities such as cerebral palsy (CP), cognitive deficits, and
autism spectrum disorders are more in twins and higher-order multiples than
in singletons. The risk of CP in multiples compared with singleton gestations is
increased 5- to 10-fold. Twins account for 5% to 10% of all cases of CP in the
United States. The prevalence of CP in twins is 7.4%, compared with 1% in sin-
gletons. The higher prevalence of CP among twins compared to among singleton
births is due to a greater frequency of prematurity and low birth weight in twins.
Death of a co-twin is considered an independent risk factor for CP in the surviving
twin. Other risk factors for CP in twins include same-sex pairs, monochorionicity,
severe birth weight discordance, TTTS, and artificial reproductive technology.

Among extremely low-birth-weight (ELBW) infants, the frequency of CP is
not significantly different between singletons and twins. In addition, the fre-
quencies of chronic lung disease and IVH are not significantly different between
singletons and twins <28 weeks’ gestation. Twins have a greater risk of learning
disabilities even after controlling for CP and low birth weight.

. Impact of ART on outcomes. In the United States, 19% of twin births and 32%
of triplet or higher-order births result from ART. Multiple reports noted increased
adverse maternal and perinatal outcomes associated with ART. However, the ex-
tent to which the increased frequency of multiple births following ART, (~44%
with ART vs. ~3% with natural conception) contributes to this risk requires
further study. Recent population-based studies in the United States demonstrate
an increased risk of adverse perinatal outcomes in twin versus in singleton ART
births, including prematurity, low birth weight, and very low birth weight.
A meta-analysis on ART babies (64 studies, 60,210 IVF/intracytoplasmic sperm
injection [ICSI] vs. 146,737 spontaneously conceived multiple births) showed
a higher incidence of adverse pregnancy outcomes (APO), prematurity, IUGR,
NICU admissions, and perinatal mortality.

The rates of cesarean delivery are also increased in ART twins. Although mul-
tiple gestation overall is associated with an increased risk of neurodevelopmental
abnormalities, this risk is similar in spontaneously conceived and ART multiples
and is independent of the type of assisted reproduction. Studies evaluating
the increased risk of birth defects among ART births have been inconsistent.
However, a number of studies have demonstrated up to a twofold increased
risk of congenital anomalies among ART births following either IVF or ICSI.
Cardiac, urogenital, as well as ocular birth defects, have been reported with ART.
In addition, rare imprinting disorders have been reported with ART including
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Beckwith—Wiedemann syndrome (BWS) and Angelman’s syndrome. However,
larger prospective cohort studies are required to definitively relate these rare con-
ditions to ART.

VIil. UNCOMMON COMPLICATIONS OF MULTIPLE GESTATIONS

A. Congenital malformations occur in approximately 6% of twin pregnancies or
3% of individual twins. The risk in MZ twins is approximately 2.5-fold greater
than in DZ twins or singletons. Structural defects specific to MZ twins include
(i) early malformations that share a common origin with the twinning process,
(ii) vascular disruption syndromes, and (iii) deformations.

1. Early structural defects include the following:

a. Caudal malformations (sirenomelia, sacrococcygeal teratoma)

b. Urologic malformations (cloacal or bladder exstrophy)

c. The vertebral anomalies, anal atresia, cardiac, tracheoesophageal, renal, and

limb defects (VACTERL) spectrum

d. Neural tube defects (anencephaly, encephalocele, or holoprosencephaly)

e. Defects of laterality (situs inversus, polysplenia, or asplenia)

2. Vascular disruption syndromes may occur early or late in gestation.

a. Twin reversed arterial perfusion (TRAP sequence) is a rare problem (in

b

.

1% of monochorionic twins). One twin is normal and the other twin is
a poorly developed mass of tissue. One twin is the pump twin and the
other is an acardiac twin (no heart). The abnormal embryo receives only
low-pressure blood flow through the umbilical artery and preferentially
perfuses its lower extremities. Profound malformations can result ranging
from complete amorphism to severe upper body abnormalities such as an-
encephaly, holoprosencephaly, rudimentary facial features and limbs, and
absent thoracic or abdominal organs. The co-twin is usually well formed.

Vascular disruptions that occur later in gestation are due to embolic events
or the exchange of tissue between twins through placental anastomo-
ses. Late vascular disruptions often occur after the demise of one fetus.
Resulting malformations include cutis aplasia, limb interruption, intestinal
atresia, gastroschisis, anorchia or gonadal dysgenesis, hemifacial microso-
mia, Goldenhar’s syndrome (facio-auriculo-vertebral defects), or Poland
sequence. Cranial abnormalities include porencephalic cysts, hydranen-
cephaly, microcephaly, and hydrocephalus.

3. Deformations such as clubfoot, dislocated hips, and cranial synostosis are
more frequent in multiple pregnancies as a result of overcrowding of the in-
trauterine environment.

Twin pregnancies should be evaluated for anomalies by fetal ultrasonog-

raphy or more invasive procedures if indicated. Congenital anomalies are
concordant only in a minority of cases, even in MZ twins.

B. Chromosomal anomalies occur at a higher frequency in offspring of multiple
gestations. Advanced maternal age contributes to the increased risk of chro-
mosomal anomalies. The risk in MZ twins is equivalent to that in a singleton.
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The risk in DZ twins is independent for each fetus, so the risk of chromosomal
abnormality in at least one DZ twin is twice that in a singleton fetus.

Conjoined twins result when incomplete embryonic division occurs late after
day 14 postconception. At this time, differentiation of the chorion and amnion
has occurred, and, therefore, conjoined twins are seen only in monochorionic
monoamniotic twins. Conjoined twins are rare and occur in approximately 1 in
50,000 to 100,000 births. The most common sites of fusion are the chest and/
or abdomen. Survival is rare when there is cardiac or cerebral fusion. Decisions
regarding separation are complex and depend on anatomic factors, associated
anomalies, and parental wishes. Fewer than 20% of conjoined twins survive.

TTTS occurs only in monochorionic gestations.

1. The pathophysiology of TTTS is not completely understood, but placental
vascular anastomoses, unequal placental sharing, and abnormal umbilical cord
insertions are all necessary for TTTS to occur. Vascular connections occur
in 85% of monochorionic placentas. Ten percent to 20% of monochorionic
placentas have sufficient circulatory imbalance to produce TTTS. One fetus
(the donor) slowly pumps blood into the co-twin’s circulation (the recipi-
ent). Complications in the donor include anemia, hypovolemia and resultant
activation of the renin-angiotensin—aldosterone system, growth restriction,
brain ischemic lesions, renal hypoperfusion and insufficiency, oligohydram-
nios (“stuck twin”), lung hypoplasia, limb deformation, and high risk of fetal
demise. Complications in the recipient include polycythemia, thrombosis,
cerebral emboli, disseminated intravascular coagulation (DIC), polyhydram-
nios, progressive cardiomyopathy due to volume overload, fetal hydrops,
and demise.

1

Diagnosis is usually made between 17 and 26 weeks’ gestation, but the pro-
cess may occur as early as 13 weeks. Severe cases of TTTS have signs before
20 weeks gestation and have a mortality rate in at least one fetus of 80% to
100% if left untreated. Diagnostic criteria for TTTS include monochorio-
nicity, polyhydramnios in the sac of one twin (the recipient) and oligohydram-
nios in the sac of the other twin (the donor), umbilical cord size discrepancy,
cardiac dysfunction in the polyhydramniotic twin, abnormal umbilical artery
and/or ductus venosus Doppler velocimetry, and significant growth discor-
dance (>20%). These findings are suggestive of TTTS, although not all are
necessary for a diagnosis. Several staging systems have been used to classify
disease severity and progression of disease, and provide criteria for escalation
of care to a specialty referral center and a framework to evaluate therapeutic
trials. The most commonly used system is the Quintero staging system. This
system is based on a series of ultrasonographic findings and does not include
fetal echocardiographic findings.

W

Fetal treatment interventions depend on the gestational age and stage at the
time TTTS is identified. Most cases are detected in the second trimester at
more advanced stages. Many pregnancies with stage I TTTS can be managed
expectantly because more than 75% regress or remain stable with no invasive
intervention, and perinatal survival is approximately 86%. However, worsen-
ing polyhydramnios, maternal discomfort, shortening of cervix, and cardiac
changes in recipient are indicators of emergency intervention. Most experts
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recommend fetoscopic laser photocoagulation or radiofrequency ablation of
placental anastomoses for stages 11 to IV at <26 weeks’ gestation, although data
are limited. In the Eurofetus trial that included 142 women, laser treatment
improved perinatal survival (76% vs. 56%) and decreased cystic periventricu-
lar leukomalacia (6% vs. 14%), and infants were more likely to have no neuro-
logic complications at 6 months of age compared to serial amnioreduction. In
a systematic Cochrane review, the two trials that compared amnioreduction to
laser ablation found no difference in death. In follow-up at 6 years of age, no
additional deaths occurred in the group of infants alive at 6 months. Normal
neurologic evaluation was similar between groups (82% and 70% in the laser
and amnioreduction groups, respectively, P = 0.12), but due to the increased
survival at 6 months of age, more infants were alive without neurologic abnor-
mality at 6 years of age in the laser group. An alternative management of severe
TTTS (hydropic recipient/severe IUGR with critically abnormal Dopplers
of the donor) involves selective reduction of the sick fetus using bipolar cord
coagulation or radiofrequency ablation.

b

Neonatal management may include red blood cell transfusion to treat anemia
and partial exchange transfusion in the recipient to treat significant polycy-
themia. Neuroimaging should be performed to detect central nervous system
(CNS) injury.

Persistent pulmonary hypertension of the newborn (PPHN) is more common
inTTTS.

6. Twin anemia polycythemia sequence (TAPS) is another rare complication of
monochorionic twins. This is diagnosed based on discordant MCA Doppler
abnormality, suggesting fetal anemia in one and polycythemia in the other
twin. Possible cause is unequal nutrition and oxygen flow to the twins from a
common placenta.

b

Velamentous cord insertion and vasa previa occur six to nine times more
often in twins than in singletons and even more in higher-order gestations.
Contributing factors may include placental crowding and abnormal blastocyst
implantation. All types of placentation can be affected. With velamentous cord
insertion, vessels are unprotected by Wharton jelly and are more prone to com-
pression, thrombosis, or disruption, leading to fetal distress or hemorrhage.

Perinatal mortality in monochorionic monoamniotic twins is reported to be as
high as 40% due to umbilical cord entanglements and compression, congenital
anomalies, preterm birth, and IUGR. The risk of fetal loss increases with gesta-
tional age, so most monochorionic monoamniotic twins are delivered electively

at 32 to 34 weeks.

Economic impact. Health care costs associated with twins and higher-order
multiples are substantially greater than with singleton infants. Costs are largely
influenced by preterm birth and the contribution of ART to multiple birth rates.

Social and family impact. Caring for twins or higher-order multiples contrib-
utes to increased family physical, emotional, and financial stress; parental anxiety
and depression is often not recognized. Professional and social life of mothers is
significantly affected compared with mothers of singletons. Multiples are more
likely to have medical complications (i.e., prematurity, congenital defects, IUGR)
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that result in prolonged hospital stays and contribute further to problems of two
newborn babies. Social services, lactation support, and assistance from additional
caregivers and family members can help parents cope with the increased amount
of care required by multiples. Organizations of parents of multiples can provide
advice and emotional support that can further help new parents of multiples cope.
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Maternal Drug Use, Infant
Exposure, and Neonatal
Abstinence Syndrome

_ Stephen W. Patrick

KEY POINTS

Information on drug abuse is difficult to obtain, unexplained situations may cause

suspicion:

* Maternal characteristics that may be associated with drug use: teen pregnancy,
poor antenatal care.

* Neonatal characteristics that may be associated with maternal drug use: unex-
plained microcephaly, dysmorphism, stroke, pulmonary hypertension.

Verbal screening for substance use should occur in every pregnancy.

Opioid use in pregnancy is increasingly common and can result in drug withdrawal.

Every birth hospital should have a protocol in place to screen, evaluate, and treat

substance-exposed infants.

An opioid (morphine or methadone) should be the first choice for opioid with-

drawal if pharmacotherapy is required.

MATERNAL DRUG USE

A. Use of illicit substances. Data from the National Survey of Drug Use and
Health (NSDUH) suggest that at least 5.4% of pregnant women use illicit drugs
in pregnancy. Illicit drug use is highest among younger women, with the high-
est rate (14.6%) in 15- to 17-year-old girls. Overall, the rate of illicit drug use
in pregnant women is nearly half that of the general population (11.4%), and
women are less likely to use drugs in the third trimester (2.4%). This suggests
that, although illicit drug use in pregnancy is common, becoming pregnant may
motivate some women to engage in the treatment of substance use disorders. The
NSDUH reports that the most common illicit drugs used as a percentage of the
US population >12 years old in the United States are marijuana (7.5%), psycho-
therapeutics used illicitly (2.5%), cocaine (0.6%), hallucinogens (0.5%), inhal-
ants (0.2%), and heroin (0.1%). The maternal abuse of narcotics has increased
because of “liberal prescription of opiates in pregnant women in some countries
to treat acute and/or chronic pain.” The reported incidence of drug abuse in preg-
nancy in Iran is 0.2% to 5.4%. However,in a study from Iran,on random urine
sampling of 200 pregnant ladies, 23% had positive urine screening test. Similar
observations were reported from Thailand too. Understandably, the reported
numbers from South East Asia are not accurate because of the stigma attached
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to substance abuse in this region and fear of reprisal. Increase in drug abuse has
been reported from other Asian countries including metropolitan cities in India.

Maternal use and misuse of legal substances. The use of prescription medicines
in pregnancy grew by nearly 70% over the last three decades. Pregnant women
use an average of 1.8 prescription medications, and data on the risk of fetal effects
are limited for many. Prescribed medications include atypical antipsychotics (e.g.,
risperidone), antidepressants (e.g., sertraline), and opioids (e.g., hydrocodone). In
addition, the NSDUH reports high use by pregnant women of alcohol (9.4%)
and cigarettes (15.4%). In many South east Asian countries, adverse obstetric
outcomes and even maternal deaths have been associated with substance over-
dose. The Centers for Disease Control and Prevention website Treating for Two
(htep://www.cde.gov/pregnancy/meds/treatingfortwo/) provides information to
support safer medication use in pregnancy.

Il. DIAGNOSIS OF DRUG USE IN PREGNANCY. A comprehensive medical and social
history should be obtained from the mother with every newborn evaluation and
should include the use of illicit drugs, prescription drugs, tobacco, and alcohol.
The American College of Obstetricians and Gynecologists recommends the use of a
validated screening tool for drug use such as the 4 Ps or CRAFFT (Table 12.1). This
history can be augmented by communication with obstetric providers and, when
available, the state’s prescription drug monitoring program database.

A. Accurate information regarding illicit drug use may be difficult to obtain. Nonspecific

maternal and infant associations with illicit drug use include the following:
1. Maternal

a. Poor or no prenatal care

b. Preterm labor

c. Placental abruption

d. Precipitous delivery
2. Infant

. Dysmorphic features: Fetal alcohol syndrome, barbiturates

o

b. Small for gestational age (heroin, nicotine, cocaine)

[e]

. Microcephaly
d. Neonatal stroke

. Persistent pulmonary hypertension (in mothers on selective serotonin re-
uptake inhibitors [SSRIs])

The risk factors for substance abuse in the study of pregnant women from
Iran were age at the first pregnancy of less than 20 years, living in rural areas,
unwanted pregnancy, lack of health care during pregnancy, and having a spouse
and/or first-degree family member with substance abuse.

o

Diagnostic testing can be useful to supplement standardized verbal screening
tools. Testing should be considered in infants with signs consistent with neonatal
abstinence, severe intrauterine growth restriction without an identified etiology,
intracranial hemorrhage or stroke, or placental abruption. It is important to know
state, local, and institutional reporting requirements to child welfare agencies for
positive test results, as laws may be interpreted differently among jurisdictions.
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Table 12.1. Clinical Screening Tools for Prenatal Substance Use and Abuse

4P

Parents: Did any of your parents have a problem with alcohol or other drug use?

Partner: Does your partner have a problem with alcohol or drug use?

Past: In the past, have you had difficulties in your life because of alcohol or other drugs,
including prescription medications?

Present: In the past month, have you drunk any alcohol or used other drugs?

Scoring: Any “yes” should trigger further questions.

Ewing H. A Practical Guide to Intervention in Health and Social Services with Pregnant and
Postpartum Addicts and Alcoholics: Theoretical Framework, Brief Screening Tool, Key Inter-
view Questions, and Strategies for Referral to Recovery Resources. Martinez, CA: The Born
Free Project, Contra Costa County Department of Health Services; 1990.

CRAFFT—Substance Abuse Screen for Adolescents and Young Adults

C: Have you ever ridden in a CAR driven by someone (including yourself) who was high
or had been using alcohol or drugs?

R: Do you ever use alcohol or drugs to RELAX, feel better about yourself, or fit in?

A: Do you ever use alcohol or drugs while you are by yourself or ALONE?

F: Do you ever FORGET things you did while using alcohol or drugs?

F: Do your FAMILY or friends ever tell you that you should cut down on your drinking
or drug use?

T: Have you ever gotten in TROUBLE while you were using alcohol or drugs?

Scoring: Two or more positive items indicate the need for further assessment.

Center for Adolescent Substance Abuse Research, Children’s Hospital Boston. The CRAFFT Screening
Interview. Boston, MA: CeASAR; 2009. http://www.ceasar.org/ CRAFFT/pdf/CRAFFT_English.pdf.
Retrieved February 10, 2012. Copyright © Children’s Hospital Boston, 2011. All rights reserved. Re-
produced with permission from the Center for Adolescent Substance Abuse Research, CeASAR, Chil-
dren’s Hospital Boston, 617-355-5133, or www.ceasar.org. Source: American College of Obstetricians
and Gynecologists Committee opinion no. 524: opioid abuse, dependence, and addition in pregnancy.
Obster Gynecol 2012;119(5):1070-1076.

1. Urine testing is a quick, noninvasive way to test for recent drug exposure in
the neonate. For example, cocaine will appear in the urine up to 3 days after
the most recent use, marijuana for 7 to 30 days, methamphetamine for 3 to
5 days, and opiates (including methadone) for 3 to 5 days. Drugs administered
during labor may cause difficulty in interpreting results.

2. Meconium testing provides information about drug use for a longer period in
pregnancy. However, collection is time intensive for nursing staff, stools can be
missed, and specimens can be contaminated.

3. Umbilical cord testing may provide similar data to meconium, although
collection and storage of the umbilical cord at birth can be resource intensive.

C. Risk of infection. Illicit drug use increases the risk of infections in the pregnant
woman and her infant, especially when associated with intravenous drug use or
other high-risk behaviors (e.g., prostitution). The mother’s HIV, hepatitis B,
hepatitis C, and syphilis status should be determined, and the infant should be
managed accordingly (see Chapters 48 and 51).
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Management of pregnant woman on substance of abuse. It is most import-
ant to counsel the mother to use agonist therapy at the most effective dose to
stabilize maternal and fetal withdrawal symptoms and reduce cravings for drugs,
and she should also be encouraged to come for antenatal clinic visits.

NONOPIOID SUBSTANCE EXPOSURE. Substance use in pregnancy may result in

abnormal psychomotor behavior in the newborn that is consistent with toxicity or
withdrawal, as summarized in Table 12.2.

NEONATAL ABSTINENCE SYNDROME FOLLOWING OPIOID EXPOSURE
IN PREGNANCY

A. Because of the high prevalence of opioid use during pregnancy, the American
Academy of Pediatrics (AAP) recommends that all hospitals that care for in-
fants at risk for withdrawal have policies in place for screening and treatment.
Adherence to such protocols appears to impact clinical outcomes more than
pharmacotherapy. Neonatal abstinence syndrome (NAS) can result from a vari-
ety of opioids including prescription opioids (e.g., hydrocodone), illicit opioids
(e.g., heroin), or medication-assisted treatment (e.g., methadone). Although
medication-assisted treatment increases an infant’s risk of NAS, the infant’s risk
of being born preterm or low birth weight is less than with continued heroin use.
As a result, the American College of Obstetrics and Gynecologists recommends
medication-assisted treatment.

B. An infant’s risk of drug withdrawal and its severity varies by opioid type and the
presence of additional exposures. Methadone has the greatest risk, which becomes
less with buprenorphine, followed by a long-acting opioid (MS Contin, mor-
phine sulfate extended release), and then a short-acting opioid (hydrocodone).
Adjunctive use of tobacco, SSRI, atypical antipsychotics, and benzodiazepines
increases the likelihood of NAS or makes it more severe.

C. Timing of presentation. The initial presentation of NAS depends on when
the drug was last used in pregnancy, infant metabolism, and half-life of the
opioid used. In addition, for reasons that are uncertain, not all infants develop
withdrawal. As a result, the AAP recommends that all opioid-exposed infants be
observed in the hospital for signs of withdrawal for 4 to 7 days after birth.

D. Site of care. There is increasing evidence that processes of care that keep mother
and infant together (e.g., rooming in) promote bonding and breastfeeding, and
may reduce infant symptomatology and decrease NAS severity. Where possible,
infants should not be separated from their mothers.

E. Assessment. Infants at risk for drug withdrawal should be assessed for drug with-
drawal using an available scoring tool. We use the modified Finnegan Neonatal
Abstinence Score Tool (NAST) (see Table 12.3). Scoring should begin soon after
admission and continue every 3 to 4 hours, reflecting the preceding period and
depending on the frequency of feedings, recording of vital signs, and provision
of care. If infants appear hungry, we provide half of the feeding volume and then
complete scoring. Infants are scored for a total of 4 days if pharmacologic inter-
vention is not required. We continue to score infants who require pharmacologic
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Table 12.2. Onset and Duration of Clinical Signs Consistent with Neonatal Withdrawal
after Intrauterine Substance Exposure (Excluding Narcotics)

Drug Signs Onset | Duration of
of Signs | Signs*
Alcohol Hyperactivity, crying, irritability, poor suck, | 3-12 18 months
tremors, seizures, poor sleeping pattern, hours
hyperphagia, diaphoresis; onset of signs
at birth
Barbiturates | Irritability, severe tremors, hyperacusis, 1-14 4-6 months with
excessive crying, vasomotor instability, days prescription
diarrhea, restlessness, increased tone,
hyperphagia, vomiting, disturbed sleep;
onset first 24 hours of life or as late as
10-14 days of age
Caffeine Jitteriness, vomiting, bradycardia, tachypnea | At birth | 1-7 days
Chlordiaz- | Irritability, tremors; signs may start at 21 Days to | 9 months; 11/2
epoxide days weeks months with
prescription
Clomip- Hypothermia, cyanosis, tremors; onset 12 4 days with pre-
ramine hours of age scription
Diazepam Hypotonia, poor suck, hypothermia, apnea, | Hours 8 months; 10-66
hypertonia, hyperreflexia, tremors, vom- to days with
iting, hyperactivity, tachypnea (mother weeks prescription
receiving multiple drug therapy)
Ethchlorvy- | Lethargy, jitteriness, hyperphagia, irritability, Possibly 10 days
nol poor suck, hypotonia (mother receiving with prescrip-
multiple drug therapy) tion
Glutethim- | Increased tone, tremors, opisthotonos, high- 6 months
ide pitched cry, hyperactivity, irritability, colic
Hydroxyzine | Tremors, irritability, hyperactivity, jitteri- 5 weeks with
ness, shrill cry, myoclonic jerks, hypoto- prescription
nia, increased respiratory and heart rates,
feeding problems, clonic movements
(mother receiving multiple drug therapy)
Mep- Irritability, tremors, poor sleep patterns, 9 months; 3
robamate abdominal pain months with
prescription
SSRIs Crying, irritability, tremors, poor suck, Hours 1-4 weeks
feeding difficulty, hypertonia, tachypnea, to
sleep disturbance, hypoglycemia, seizures days

SSRI, selective serotonin reuptake inhibitor.
*Prescription indicates that the infant was treated with pharmacologic agents, and the natural course
of the signs may have been shortened.
Source: Hudak ML, Tan RC. Neonatal drug withdrawal. Pediatrics 2012;129:¢540-¢560.
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Table 12.3. Neonatal Abstinence Score Tool Score

Score Action

>8 for two to three times | Determine NAS level and dose.

<8 Contim.le same dose for 24-48 hours and then consider
weaning.

8 for two times Go to next higher level and dose.
Oral Morphine Dosing Tool

NAS Level NAST Score Morphine Dose (0.4 mg/mL)

1 8-10 0.04 mg/kg/dose q3h

2 11-13 0.06 mg/kg/dose q3h

3 14-16 0.09 mg/kg/dose q3h

4 217 0.11 mg/kg/dose q3h

NAS, neonatal abstinence syndrome; NAST, Neonatal Abstinence Score Tool.

therapy for the duration of therapy and for 48 to 72 hours after the drug is dis-
continued to ensure that symptoms do not redevelop. We typically score infants
who do not require pharmacologic intervention for a total of 4 days.

1. Signs of withdrawal include the following:
a. Central nervous system/neurologic excitability: Tremors, irritability, in-
creased wakefulness/sleep disturbance, frequent yawning and sneezing,

high-pitched cry, increased muscle tone, hyperactive reflexes (e.g., Moro),
and seizures

b. Gastrointestinal dysfunction: Poor feeding, uncoordinated and constant
sucking, vomiting, diarrhea, dehydration, and poor weight gain

c. Autonomic signs: Sweating, nasal stuffiness, fever/temperature instability,
and mottling

. Management. Infants with signs of withdrawal are treated based on NAST

scores. Treatment begins with nonpharmacologic measures. Infants with severe
withdrawal are treated with an opioid (morphine or methadone) as a first-line
agent. Examples of treatment protocols using morphine (Vanderbilt University
School of Medicine) and methadone (University of Michigan) are shown in the
text and Figure 12.1.

1. Nonpharmacologic interventions are implemented for NAST scores <8.
a. Decrease stimulation by reducing lights, noise, and touch.

b. Promote infant self-regulation by encouraging pacifier use, non nutritive
sucking, and swaddling.

c. Room in with the mother if possible.

d. Encourage holding, especially skin-to-skin.
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Start
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Patient meets criteria for
NAS methadone therapy
and is located in NICU
(for infants >34 weeks’
gestation).

Methadone Load
* PO = 0.1 mg/kg/dose q6h x 4 or
¢ |V = 0.1 mg/kg/dose q6h x 4
Assess for oversedation q6h.

If there is a concern
for oversedation

Hold next methadone dose.
Continue to reassess.

4 doses in 24 hours

Nonstandard control
pathway

Continue current
dose interval (g6h) for
12 to 24 more hours.

When next
dose due ... still
oversedated?

1. Continue same individual dose.
2. Change interval to

q12h x 2 doses.
3. Reassess sedation q12h.

Yes
Controlled?

Hold methadone.
Reassess in 6 hours
(18 hours after
previous dose).

2 doses in 24 hours

Increase dose by
0.05 mg/kg/dose.
Maintain q12h dosing.

Controlled?

Seek support
(attending/pharmacy).

Key points/definitions:

**A = Oversedated

Infant with one or multiple of

the following:

* Respiratory rate <24

* Heart rate <90

* Oxygen saturation <92%
on room air

« Difficult to arouse and/or
feed

« If at any point the infant
appears oversedated,
consider seeking expert
opinion

* Refer to oversedated
pathway as needed

***Controlled:

¢ Finnegan score <8 AND

* Not oversedated

*Index dose

Dose at which symptoms

are controlled and weaning

Yes

Reassess in 24 hours.

A

Controlled?
No

1. Continue same individual dose.

2. Change interval to 24 hours x 2 doses.

Ready to wean/weaning
1. Reduce current dose
—> by 20% g48h.
2. DO NOT change
dosing frequency.
1. Monitor at current dose
N for 24—-48 hours OR
° -
No Controlled? 2. Return/increase to »

begins

Location of care

* NICU until initial loading is
completed AND controlled

2 doses in 48 hours

|
Potential options:
1. Continue 24-hour dosing.
2. Increase back to gq12h dosing.
3. Consider secondary agent.

v

No
Controlled?

previous effective dose.
Reassess strategy
q24-48h.

Discontinue methadone.
May D/C monitors
12 hours after last dose.
Routine vitals.
Observe 48 hours after
last dose.

Is dose now
20% of index
dose*?

Figure 12.1. Neonatal abstinence syndrome treatment protocol used at the University of Michigan (meth-
adone for pharmacologic treatment). D/C, discontinue; 1V, intravenous; NAS, neonatal abstinence syn-
drome; NICU, neonatal intensive care unit; PO, orally.
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e. Encourage breastfeeding.
Breastfeeding is contraindicated only with mothers actively abusing
drugs such as cocaine, marijuana, and phencyclidine (PCP).

2. Pharmacologic interventions are implemented for NAST scores 28, and non-
pharmacologic interventions are continued. Infants treated with an opioid
should be on a cardiac and respiratory monitor, particularly in the initial
period, to ensure that there are no clinical signs of respiratory depression.

a. We use morphine as the first-line drug, although methadone is an appropri-
ate alternative. We use a dosing interval of 3 hours, although, depending on
the feeding schedule, some infants benefit from alternative dosing intervals
to provide the same 24-hour total dose (e.g., a baby feeding every 4 hours
could be dosed every 4 hours).

i. Morphine dose is adjusted based on the NAST score as shown in
Table 12.3.

ii. One rescue dose of oral morphine 0.05 mg/kg is available for each
infant until appropriate dosing changes are made. It may be given only
once and must then be reordered by the clinician after reassessment of
the maintenance dose. If scores are 28 following weaning, one rescue
dose can be considered with return to the previous dose/dosing level.
One rescue dose may be considered before adding clonidine.

Sublingual buprenorphine under the tongue followed by a pacifier
(starting with 4.5 pg/kg/dose q8h) has proved to shorten the opioid
weaning time compared to conventional regimens.

Phenobarbital, diazepam, and diluted tincture of opium are gener-
ally not used anymore in combination with morphine.

b. Adjunct management

i. We re-evaluate infants who reach level 4 and continue to score >8 and
consider addition of clonidine, as shown in Table 12.4.

ii. If we are unable to wean morphine after 3 weeks of treatment, we con-
sider adjunct management with oral phenobarbital.

Table 12.4. Use of Clonidine as an Adjunct

Initial clonidine dose 1 pg/kg/dose PO every 6 hours

Dose titration If scores continue >8 for two measurements and blood pressure
is stable, increase dose to 2 pg/kg/dose every 6 hours.

If scores remain elevated, consider dose increase to maximum of

3 pg/kg/dose every 6 hours.

Monitor Monitor blood pressure every 6 hours during treatment to assess
for hypotension; monitor for 48 hours after stopping to assess
for rebound hypertension.

PO, orally.
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c. Weaning begins when the average daily score is <8 without a single score
of >214. Morphine is typically weaned by dose, not interval. If treatment
includes clonidine, we wean the morphine first.

i. If the NAST score remains <8 for 48 hours, we wean morphine by 10% of
the maximum dose every 48 hours if the average score continues to remain
<8. We consider a faster wean after 24 hours if the NAST score remains <8.

ii. We discontinue morphine if the score remains <8 on 25% of the
maximum morphine dose for 48 hours and continue to score for 48 to
72 hours. If the score is 28, we increase to the previous dose.

iii. If the morphine has been weaned off and scores are 28, we consider one
rescue dose and return to the previous dose/dosing level.

iv. Clonidine weaning depends on the maximum dose used and the vol-
ume of measurable doses. Assistance by a pharmacist in generating a
weaning plan is helpful if available. We begin to wean clonidine when
morphine has been discontinued for 24 to 48 hours, continue to wean
every 48 hours if the NAST score remains <8, and discontinue at the
final step if the score is <8 for 24 hours.

3. Educational interventions
a. Caregivers and families should be provided verbal and written education
about NAS.
b. Families should receive communication about the plan of care, a safety
plan and referral to social service, and the appropriate state agency when
indicated.

c. The family should be engaged in the care of the infant, including infant
scoring (Tables 12.5 and 12.6; Fig. 12.1).

V. BREASTFEEDING OF SUBSTANCE-EXPOSED INFANTS. In addition to its advan-
tages in nonexposed infants (see Chapter 22), breastfeeding of substance-exposed
infants can enhance maternal/infant bonding and can reduce withdrawal severity and
duration in infants with NAS.

A. We encourage breastfeeding in the following circumstances:

1. The mother is on treatment for substance abuse and allows newborn provid-
ers to discuss progress in treatment and plans for postpartum treatment with
substance abuse provider.

2. Substance abuse treatment provider endorses that the mother has been able to
achieve and maintain sobriety prenatally.

b

The mother plans to continue substance abuse treatment in the postpartum
period.

4. The mother has abstained from illicit drug use or illicit drug abuse for 90 days
prior to delivery and demonstrates the ability to maintain sobriety in an out-
patient setting as follows:

a. Negative maternal urine toxicology testing at delivery except for prescribed
medications

b. Received consistent prenatal care
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Table 12.6. Definitions of Scoring Items on Neonatal Abstinence Scoring Tool

Scoring Item

Definition

Excessive high-pitched
cry

Unable to self-console in 15 seconds or continuous up to
5 minutes despite intervention

Continuous high-

Unable to self-console in 15 seconds or continuous >5 minutes

pitched cry despite intervention

Sleep Based on longest period of sleep (light or deep) after feeding

Hyperactive Moro Elicit from a quiet infant; jitteriness that is rhythmic, symmet-
reflex ric, and involuntary

Markedly hyperactive | Elicit from a quiet infant; jitteriness that is rhythmic, symmet-
Moro reflex ric, and involuntary AND clonus of hands/arms; may test at

hands or feet if unclear (more than 8—10 beats)

Mild tremors when

disturbed

Involuntary, thythmical, and equal strength in hands or feet
only while being handled

Moderate to severe
tremors when

disturbed

Involuntary, rhythmical, and equal strength in arms or legs

while being handled

Mild tremors when
undisturbed

Involuntary, rhythmical, and equal strength in hands or feet
only while NOT being handled; should be assessed while
unwrapped 15-30 seconds after touching the infant, not
while sleeping

Moderate to severe
tremors when
undisturbed

Involuntary, rhythmical, and equal strength in arms or legs
while NOT being handled; should be assessed while un-
wrapped 15-30 seconds after touching the infant, not while
sleeping

Increased muscle tone

Perform pull-to-sit maneuver if tolerated; no head lag with total
body rigidity. Do not test while asleep or crying.

Excoriation Reddened areas from increased movement present at nose, chin,
cheeks, elbows, knees, or toes. Do not score for reddened
diaper area related to loose/frequent stools.

Myoclonic jerks Involuntary twitching of face/extremities or jerking at extremi-

ties which is more pronounced than jitteriness of tremors

Generalized convul-
sions

Tonic seizures with extension or flexion of limb(s); does not stop
with containment; may include few clonic beats and/or apnea

Sweating Wetness at forehead, upper lip, or back of neck; do not score if
related to the environment.

Fever <101°F 37.2-38.3°C

Fever >101°F 38.4°C and higher

Frequent yawning

More than three to four times, individually or serially, over
scoring interval/time period

(Continued)
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Table 12.6. Definitions of Scoring Iltems on Neonatal Abstinence Scoring Tool
(continued)

Scoring Item Definition

Mottling Pink and white marbled appearance present at chest, trunk,
arms, or legs

Nasal stuffiness With or without runny nose

Sneezing More than three to four times, individually or serially, over

scoring interval/time period

Excessive sucking Rooting with more than three attempts noted to suck fist, hand,
or pacifier before or after feeding

Poor feeding Excessive sucking as above but infrequent or uncoordinated with
feeding, or gulping with frequent rest periods to breathe

Regurgitation Effortless, not associated with burping; more than two episodes
Loose stools Loose, curdy, seedy, or liquid watery
Watery stools Soft, liquid, or hard with watery

¢. No medical contraindication to breastfeeding (such as HIV)
d. Not taking a psychiatric medication that is contraindicated during lactation
e. Stable on methadone or buprenorphine (regardless of dose)

B. We discourage breastfeeding in the following circumstances:

1. Illicit drug use or licit substance misuse in the 30-day period prior to delivery.
In some cases, breastfeeding may be permissible for mothers with illicit drug
use in the previous 30 days if the mother is not currently using, has engaged
in treatment, and the provider team, including the infant’s provider, and the
mother’s substance abuse treatment provider deem it appropriate.

2. Active substance use while not in substance abuse treatment or refusal to allow
communication with substance abuse treatment provider

3. Positive maternal urine toxicology testing for drugs of abuse or misuse of licit
drugs at delivery

4. No confirmed plans for postpartum substance abuse treatment or pediatric care
5. Erratic behavioral or other indicators of active drug use
6. No prenatal care

C. We evaluate for breastfeeding in the following circumstances:

1. Relapse to illicit substance use or licit substance misuse in the 90- to 30-day
period prior to delivery but abstinent for the 30 days prior to delivery

2. Concomitant use of other prescription (i.e., psychotropic) medications

3. Sobriety obtained in an inpatient setting
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VI

VIL.

4. Tsolated marijuana use (or in conjunction with medication-assisted treatment):
The literature to support breastfeeding in the context of marijuana use is lim-
ited; some data suggest long-term cognitive/developmental delays for exposed
infants. We therefore inform the mother that the effects of marijuana use are
not well understood and may cause cognitive/developmental delays in her in-
fant. If the mother is aware of this risk and wishes to breastfeed, she is allowed
and is encouraged to discontinue marijuana use.

DISCHARGE. Clinical signs of NAS may last for months, and infants with NAS are
2.5 times as likely as uncomplicated term infants to be readmitted to the hospital
within 30 days of discharge. The following should be done to help ensure a safe
discharge home:

A. Pediatrician follow-up within a few days of discharge and on a long-term basis
B. Home nurse visitation where available
C. Communication with child protective services when applicable
D. Referral to early intervention services
E. Parental education
1. Clinical signs of NAS
2. How to seck help
3. Relevant community resources

F. Ideally, infant care would be coordinated with maternal care (e.g., addiction
medicine, obstetrics).

LONG-TERM OUTCOMES. Dara for long-term infant outcomes of substance use in

pregnancy are limited but are summarized in Table 12.7.
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Care of the Extremely
Low-Birth-Weight Infant

Steven A. Ringer

KEY POINTS

Survival of extremely low-birth-weight (ELBW) babies is very high, and many have
good long-term development if optimal perinatal care is offered.

Some babies born extremely small may have innate problems—genetic/infec-
tion—and are at a high risk of death/disability.

Quality: Uniformity of care processes (standard protocols) and periodic audits
of patient-relevant short-term outcomes (mortality, BPD [bronchopulmonary
dysplasial, NEC [necrotizing enterocolitis], ROP [reitnopathy of prematurity], sepsis
rates) and long-term outcomes (child development) are the most important aspects
of care of ELBW infants.

Place of birth: Extremely premature infants should be delivered in a facility with a
high-risk obstetric service and a level 3 neonatal intensive care unit (NICU), unless
delivery is imminent and cannot be postponed.

Preparing the family: The family should be provided complete information on
the expected survival and morbidities; at gestations <24 weeks, parental decisions
regarding aggressive resuscitation and intensive care must be respected; at 25
weeks and more, they must be encouraged to standard intensive care.
Resuscitation room care: Resuscitation planning includes experienced personnel,
room temperature 26°C, plastic wrap/bag for thermoregulation, delayed cord
clamping, blended oxygen (21 to 30 FiO, to start), target saturations 90 to 95 only
after initial 10 minutes, and early continuous positive airway pressure (CPAP).

In NICU: Careful attention should be given to detail and frequent monitoring,
because critical changes can occur rapidly. Fluid volume, glucose, blood gases and
electrolytes should be monitored frequently. Optimal nutrition should be started at
birth itself as minimal enteral nutrition and high dose parenteral nutrition.
Equipment: This includes humidified incubator and volume-limit ventilation.
Variations in practices: These may determine outcomes, for example, patent
ductus arteriosus (PDA) closure practices are highly variable; a selective, echocar-
diography-guided approach with paracetamol/ibuprofen is preferred over prophy-
laxis by most.

INTRODUCTION. Extremely low-birth-weight (ELBW}; birth weight <1,000 g) in-
fants are a unique group of patients in the neonatal intensive care unit (NICU); these
infants are so physiologically immature that they are extremely sensitive to small
changes in respiratory management, fluid administration, nutrition, and virtually
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all other aspects of care. The optimal way to care for these infants continues to be
determined by ongoing research. However, the most effective care based on currently
available evidence is best ensured through the implementation of standardized proto-
cols for the care of the ELBW infant within individual NICUs. One approach is out-
lined in Table 13.1. Uniformity of approach within an institution and a commitment
to provide and evaluate care in a collaborative manner across professional disciplines
may be the most important aspects of such protocols.

Table 13.1. Elements of a Protocol for Standardizing Care of the Extremely Low-Birth-
Weight (ELBW) Infant

Prenatal consultation

Parental education

Determining parental wishes when viability is questionable

Defining limits of parental choice; need for caregiver—parent teamwork

Delivery room care

Define limits of resuscitative efforts

Respiratory support—early CPAP in delivery room

Low tidal volume ventilation strategy

Prevention of heat and water loss

Ventilation strategy

Low tidal volume, short inspiratory time, right positive end-expiratory pressure

Avoid hyperoxia and hypocapnia—volume-targeted ventilation

Early surfactant therapy as indicated and early caffeine

Define indications for high-frequency ventilation

Fluids

Early use of humidified incubators to limit fluid and heat losses

Judicious use of fluid bolus therapy for hypotension

Careful monitoring of fluid and electrolyte status

Use of double-lumen umbilical venous catheters for fluid support

Nutrition

Initiation of parenteral nutrition shortly after birth

Early initiation of trophic feeding with maternal milk

Advancement of feeding density to provide adequate calories for healing and growth

(Continued)
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Table 13.1. Elements of a Protocol for Standardizing Care of the Extremely Low-Birth-
Weight (ELBW) Infant (continued)

Cardiovascular support

Maintenance of blood pressure within standard range

Use of dopamine for support as indicated

Corticosteroids for catecholamine-unresponsive hypotension

PDA

Avoidance of excess fluid administration

Consider medical therapy when hemodynamically significant PDA is present

Consider surgical ligation after failed medical therapy

Infection control

Scrupulous hand hygiene, use of bedside alcohol gels

Limiting blood drawing, skin punctures

Protocol for CVL insertion and care, minimize dwell time

Minimal entry into CVLs, no use of fluids prepared in NICU

CPARP, continuous positive airway pressure; CVL, central venous line; NICU, newborn intensive care
unit; PDA, patent ductus arteriosus.

Il. PRENATAL CONSIDERATIONS. If possible, extremely premature infants should
be delivered in a facility with a high-risk obstetric service and a level 3 or 4 NICU;
the value of this practice in preventing mortality and morbidity in ELBW infants
has been demonstrated in several studies. The safety of maternal (iz utero) transport
must of course be weighed against the risks of transport of a sick, newly born ELBW
baby (see Chapter 17). Prenatal administration of corticosteroids (betamethasone or
dexamethasone) to the mother, even if there is no time for a full course, reduces the
risk of respiratory distress syndrome (RDS) and other sequelae of prematurity and is
strongly recommended. Antenatal magnesium sulfate is neuroprotective.

A. Neonatology consultation. If delivery of an extremely premature infant is
expected, a neonatologist should consult with the parents, preferably with the
obstetrician present. The parents must be guided on the expected outcomes,
long hospital stay, need for intensive care unit (ICU), and risk of death/disability.
There are no reliable systems or prognostic scores that allow one to make firm
predictions about an individual case, because outcomes are affected by multiple
factors. These include perception of health care team; this determines the first
step—optimal resuscitation at birth of these infants. The most useful current
data are based on a study of ELBWs born in NICUs participating in the Eunice
Shriver National Institute of Child Health and Human Development (NICHD)
Neonatal Network. This study reported that survival free from neurodevelop-
mental disability for infants born between 22 and 25 weeks of gestation was
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dependent not only on completed weeks of gestation but also on (i) sex, (ii) birth
weight, (iii) exposure to antenatal corticosteroids, and (iv) singleton or multiple
gestation. Using these data, the NICHD developed a web-based tool to esti-
mate the likelihood of survival with and without severe neurosensory disability
(hetps://www.nichd.nih.gov/about/org/der/branches/ppb/programs/epbo/Pages/
epbo_case.aspx). To use the tool, data are entered in each of the five categories
(estimated gestational age, birth weight, sex, exposure to antenatal glucocorti-
coids, and singleton or multiple birth). The tool calculates outcome estimates
for survival and survival with moderate or severe disabilities. It is helpful to
use this estimator tool as a guide, tempered by the experience in the individual
institution, during antenatal discussions with parents. A general approach to
consultation is as follows:

1. Survival. To most parents, the impending delivery of an extremely premature
infant is frightening, and their initial concern almost always focuses on the
likelihood of infant survival. Recent studies have reported that survival is
possible at gestational age as low as 22 weeks. The NICHD network reported
survival rates of 6% at 22 completed weeks, 26% at 23 weeks, and 55% and
72% at 24 and 25 weeks, respectively. Other studies have reported even higher
survival rates, even at 22 weeks. Large databases for survival data among
ELBW infants are lacking in the South east Asian region but from recent stud-
ies ELBW survival in Taiwan, Singapore, Sri Lanka, and India was 80%, 80%,
77%, and 62%, respectively. Among extreme preterms (<28 weeks), survival
was 77%, 80%, 68%, and 50%, respectively. Assessments based solely on the
best obstetric estimate of the gestational age do not allow for the impact of
other factors, whereas those based on birth weight (a more accurately deter-
mined parameter) do not fully account for the impact of growth restriction.
The use of the NICHD estimator allows the consultant to estimate the impact
and interaction between gestational maturity, weight, and other identified crit-
ical factors. Although extremely helpful as a starting point, at least two import-
ant cautions should be considered in individual cases. First, birth weight has to
be estimated for purposes of antenatal discussion, although reliable estimates
are often available from ultrasonographic examinations, assuming a technically
adequate examination can be performed. If this information is not known,
gestational age estimates for appropriate-for-gestational-age (AGA) fetuses can
be roughly converted as follows: 650 g = 24 weeks; 750 g = 25 weeks; 850 g
= 26 weeks; 950 g = 27 weeks; 1,100 g = 28 weeks (WHO Intergrowth 21st
Growth chart). Although prevalence of term small for gestational age (SGA) is
41.5%, preterm SGA accounts for only 3.0% of live births in the South Asian
region; so birth weight may be used as a surrogate for approximate gestation
age assessment after birth. Second, there may be important additional infor-
mation in individual cases that will significantly impact the prognosis, such as
the presence of anomalies, infection, chronic growth restriction, or evidence
of deteriorating status before birth. Clinical experience must be used to guide
interpretation of the impact of such factors.

2. For antenatal counseling, it may also be important to interpret published data
in the light of local results. The best neonatal outcomes at early gestational
ages may vary between institutions, and local practices and capabilities may
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significantly affect both mortality and morbidity in ELBW infants. Within
individual institutions, practitioners tend to not agree on the gestational age at
which an infant has any hope of survival, and this can in effect make prognos-
tication pragmatic; the gestation at which good outcomes are expected are best
described as a range, rather than a single number. In counseling, practitioners
must strive to improve, but at the same time remain cognizant of the current
institutional capabilities.

In discussions with parents, it is important to attempt to reach a collabora-
tive decision about what course of treatment would be best for their baby. We
advocate attempting resuscitation of all newborns who are potentially viable,
but recognize that the personal views of parents regarding what might be an
acceptable outcome for their child will vary, and thereby impact decisions
about offering resuscitation. Currently, we inform them that resuscitation at
birth has been technically feasible at gestational age as low as about 23 weeks
and a birth weight as low as about 400 g. In an individual case, the super-
imposition of medical problems other than prematurity may make survival
extremely unlikely or impossible even at higher gestational ages. In counseling
parents, we stress that within these parameters, delivery room resuscitation
alone has a high (but not absolute) chance of success, but that this in no way
guarantees survival beyond these early minutes. Studies show that decisions
based on the apparent condition at birth are unreliable in terms of viability or
long-term outcome. We also note that the initiation of intensive care in no way
mandates that it be continued if it is later determined to be futile or very likely to
result in a poor long-term outcome. We assure parents that initial resuscitation
is always followed by frequent reassessment in the NICU and discussions with
them and that intensive support may be discussed if the response to therapy
appears poor or if catastrophic and irreversible complications occur. Parents
are counseled that the period of highest vulnerability may last several weeks in
infants at the lowest gestational ages. Once all these components are discussed,
a recommendation can be made regarding an approach to initial resuscitation.

If parents disagree with this recommendation, differences may be resolved
by ensuring that they understand the medical information and that their views
and concerns are understood. Almost always, a consensus on a plan of care can
be reached, but if an impasse continues, consultation from the institutional
ethics service may be warranted (see Chapter 19). If the baby is delivered be-
fore parents and medical team reach a consensus, then standard resuscitation
is carried out. At gestations <23 weeks and expected fetal weight of 400 g,
resuscitation and full care may be attempted after detailed discussions, only if
parents desire so.

Morbidity. Care decisions and parental expectations must be based not only
on estimates of survival but also on information about likely short- and long-
term prognosis. Before delivery, particular attention is paid to the problems
that might appear at birth or shortly thereafter. We explain the risk of RDS
and the potential need for ventilatory support. Support may include continu-
ous positive airway pressure (CPAP) alone, but mechanical ventilation, at least
for a short period, is still required for a significant percentage of infants at the
lowest gestational ages. Parents should also be informed of the likelihood of
infection at birth depending on perinatal risk factors as well as any plan to
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screen for it and begin empiric antibiotic therapy while final culture results
are pending.

Potential morbidity. During prenatal consultation, it is generally recom-
mended to avoid giving parents detailed information on every potential
sequela of extreme prematurity because they may be too overwhelmed to
process extensive information during this time. We do specifically discuss
those problems that are most likely to occur in many ELBW infants or will be
screened for during hospitalization. These include apnea of prematurity, intra-
ventricular hemorrhage (IVH), nosocomial sepsis (or evaluations for possible
sepsis), and feeding difficulties as well as long-term sensory disabilities. We
make a point of briefly discussing the risks of retinopathy of prematurity and
subsequent visual deficits and the need for hearing screening and the poten-
tial for hearing loss. These complications are not diagnosed until late in the
hospital course, but we find that giving parents some perspective on the entire
hospitalization is helpful to them.

Parents’ desires. In most instances, parents are the best surrogate decision
makers for their child. We believe that, within each institution, there should
be a uniform approach to parental demands for attempting or withholding
resuscitation at very low gestational ages. The best practice is to formulate
decisions in concert with parents, after providing them with clear, realistic,
and factual information about the possibilities for success of therapy and its
long-term outcome.

During the consultation, the neonatologist should try to understand pa-
rental wishes about resuscitative efforts and subsequent support especially
when chances for infant survival are slim. When counseling parents around an
expected birth at <24 weeks, we specifically offer them the choice of limiting
delivery room interventions to those designed to ensure comfort alone if they
feel that the prognosis appears too bleak for their child. We encourage them to
voice their understanding of the planned approach and their expectations for
their soon-to-be born child. We reassure them that the strength of their wishes
does help guide caregivers in determining whether and how long to continue
resuscitation attempts. Through this approach, the parents’ role in decision
making as well as the limitations of that role is clarified. In practice, parents’
wishes about resuscitation are central to decision making when the gestational
age is <24 completed weeks. At 25 weeks and above, in the absence of other
factors, we very strongly advocate for attempting resuscitation and make this
clear to parents.

IIl. DELIVERY ROOM CARE. The resuscitation team should include a trained (neonatal

resuscitation program provider certified) and experienced pediatrician or neonatol-
ogist, particularly when the fetus is of <28 weeks, gestational age. The approach to
resuscitation is like that in more mature infants (see Chapter 4). Special attention

should be paid to the following:
A. Warmth and drying. The ELBW neonate is at particular risk for hypothermia.

Better temperature control may be achieved with at least one of the following
techniques: (i) immediately wrapping the undried baby’s body and extremities in
plastic wrap or placing them in a plastic bag (we have had most success using a
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large sheet of plastic and quickly wrapping the baby in a swaddling fashion, not to
forget to cover the head as it constitutes a significant body surface in the neonate,
more so in a preterm), (ii) the use of an exothermic mattress, and (iii) ensuring
that the delivery room temperature has been set at 26°C. Use of two modalities in-
creases the likelihood of avoiding hypothermia. Care must be taken to avoid over-
heating the baby, especially when more than one of these modalities is employed.

. Timing of umbilical cord clamping is an important first step during early stabi-
lization in the delivery room; delaying cord clamping by at least 60 seconds or
more has showed a significant reduction in mortality for preterm infants (RR,
0.68; 95% confidence interval [CI] 0.52 to 0.90).

. Respiratory support. Most ELBW infants require some degree of ventilatory
support because of pulmonary immaturity and limited respiratory muscle
strength. Blended oxygen and air should be available to help avoid prolonged
hyperoxia after the initial resuscitation, and it should be used in conjunction
with pulse oximetry, using a probe placed on the right upper (“preductal”) ex-
tremity. Studies have demonstrated that a blend of oxygen and air is preferable;
it is recommended that resuscitation usually start with 21% to 30% oxygen and
titrate the concentration based on measured oxygen saturation. Oxygen satu-
ration should be targeted as identified for all babies in the first several minutes
after birth (see Table 4.1), and thereafter oxygen concentration adjusted so as to
keep the saturation level the same as that used during NICU care for all babies
<32 weeks (suggested target of 90% to 95%). Preterm babies with RDS will
usually try to breathe during transition at birth, although they may subsequently
struggle to maintain adequate alveolar aeration. “Supporting transition” rather
than “resuscitation” is therefore in most cases is the preferred term in RDS man-
agement. If the neonate cries vigorously at birth, the infant is observed for signs
of distress. If an ELBW infant requires oxygen in the delivery room or has even
minimal respiratory distress, it is preferable to consider early initiation of CPAP
(very early CPAP or delivery room CPAPD).

Many of these infants will require some ventilatory support because of apnea
or ineffective respiratory drive. If the infant is breathing spontaneously, albeit
with distress, initial respiratory support can be provided by either positive-pres-
sure ventilation (PPV) or CPAP. In trials comparing CPAP with intubation and
ventilation with or without surfactant (z = 2,364 neonates), CPAP resulted in
a small but clinically significant reduction in the incidence of BPD and death
(Number Needed to Treat [NNT] = 20). There was also a clinically important
reduction in the need for mechanical ventilation and the use of surfactant in the
CPAP group by half. We therefore favor using CPAP (with T-piece resuscitator)
at 6 to 8 cm H,O as initial support, although infants may require a breath or
two with bag and mask before they breathe spontaneously. If the infant is not
breathing spontaneously, PPV must be started using preset pressures, quickly
titrated to provide a just visible chest rise (adequacy of PPV is assessed by a
normal heart rate). Judgment is required regarding ongoing support, depending
on the baby’s status; if PPV is required, care should be taken to use the smallest
tidal volumes and peak pressure possible while still adequately ventilating the
infant. Most centers employ a T-piece device for providing PPV or CPAP instead
of hand-bagging via bag and mask because it ensures adequate and regulated
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positive end-expiratory pressure and regulated inflation pressures. Administration
of exogenous surfactant therapy is not an emergency and is often not necessary
in the delivery room. Based on recent evidences, the American Academy of
Pediatrics Committee on Fetus and Newborn recommends that, “the early use of
CPAP with subsequent selective surfactant administration in extremely preterm
infants results in lower rates of BPD/death when compared with treatment with
prophylactic or early surfactant therapy.” Exogenous surfactant, if required,
may be safely administered once correct endotracheal tube position has been
confirmed clinically. The pediatrician should reassess the response to respiratory
support at short intervals of 15 to 30 minutes and adjust (decrease) the supports;
the response to surfactant therapy is dramatic and most babies need very low
pressures and oxygen (FiO, 0.21) within minutes of surfactant therapy.

If the infant fails to respond, the team should recheck that all support
measures are being effectively administered. If there is no positive response to
resuscitation after a reasonable length of time, we consider limiting support to
comfort measures alone. In all cases, communication with the parents should be
maintained through a designated member of the care team.

Care after resuscitation. Immediately after resuscitation, the plastic-wrapped
infant should be placed in a prewarmed transport incubator for transfer to the
NICU. Within practical limits, we encourage as much interaction of parents
with the baby, starting from the delivery room itself. In the NICU, the infant
is moved to an incubator/radiant warmer combination unit when available (the
unit is very expensive and not available even in tertiary care centers in most units
in South east Asia) where a complete assessment is done and treatment initiated.
The infant’s temperature should be rechecked at this time and closely monitored.
As soon as possible, the unit is closed to function as an incubator for continued
care. Humidity is maintained at 70% for the first week of life and 50% to 60%
thereafter up to 32 weeks, corrected gestation. In addition to reducing insensible
fluid losses and thereby simplifying the fluid therapy, the use of incubators aids in
reducing unnecessary stimulation and noise experienced by the baby.

IV. CARE IN THE INTENSIVE CARE UNIT. Careful attention to detail and frequent
monitoring are the basic components of care of the ELBW infant because critical
changes can occur rapidly. Balance has to be achieved between large fluid losses and
fluid intake, high and low blood glucose levels, high and low saturation and carbon
dioxide levels, early treatment of shock and risk of overtreatment, etc. Monitoring
itself, however, may pose increased risks because each laboratory test requires a signif-
icant percentage of the baby’s total blood volume, tiny-caliber vessels may be hard to
cannulate without several attempts, and limited skin integrity increases susceptibility
to injury or infection. Issues in routine care that require special attention in ELBW
infants include the following:

A.

Survival. The first several days after birth, and in particular the first 24 to
48 hours, are the most critical for survival. Infants who require significant
respiratory or cardiovascular support or who have encephalopathy (poor tone,
spontaneous movement, alertness and response to external stimuli) are assessed
continuously, and their chances for ongoing survival are evaluated as part of
this process. If caregivers and the parents determine that death is imminent,
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continued treatment is futile, or treatment is likely to result in survival of a child
with profound neurologic impairment, it is appropriate to consider comfort care

alone and refrain from futile escalation of intensive care.

B. Respiratory support. Most ELBW infants require initial respiratory support.

1.

CPAP. In our population, a very large majority of ELBW infants have been
exposed to antenatal corticosteroids, and respiratory support may be accom-
plished with CPAP alone. It is generally initiated at 6 cm H,O pressure, and
the pressure increased in 1-cm increments to a maximum of 8 cm if the oxygen
requirement exceeds 30% to 40%. One key to successful CPAP therapy and
the prevention of atelectasis is to ensure that the CPAP is not interrupted,
even briefly. There is no conclusive evidence that one mode of CPAP delivery
is superior to another. If the oxygen requirement rises even after the maximal
pressure has been reached, or if there is recurrent apnea, mechanical ventila-
tion and surfactant therapy are indicated.

Conventional ventilation. We generally use conventional pressure-limited
synchronized intermittent mandatory ventilation (SIMV), usually in a vol-
ume guarantee mode, as our primary mode of mechanical ventilation (see
Chapter 29). The lowest possible tidal volume (4 to 5 mL/kg body weight)
to provide adequate ventilation and oxygenation and a short inspiratory time
(0.3 to 0.35 seconds) should be used. One very important part of ELBW
infant mechanical ventilation is choosing the right positive end expiratory
pressure (PEEP) to recruit lungs adequately to achieve the optimum func-
tional residual capacity (FRC). Special effort should be made to avoid hy-
peroxia (>95% saturation). Several reports have demonstrated that oxygen
saturation limits for babies <32 weeks™ gestation who require supplemental
oxygen should be lower than those used in more mature babies, in order to
limit the number of hypoxia—hyperoxia fluctuations and reduce the incidence
and severity of retinopathy of prematurity. A recent report found that a target
range of 85% to 89% decreased retinopathy but may be associated with an
increase in mortality, compared to a range of 90% to 94%. We aim for a target
range of 90% to 95%. We encourage close monitoring including observation
to determine whether oxygen saturation outside the range will correct without
intervention, thereby decreasing the tendency for too frequent manipulation
of ventilator settings. It is hypothesized that limiting hyperoxia may also re-
duce the incidence or severity of chronic lung disease. Recent evidence showed
that neonates who received volume-targeted ventilation had a lower incidence
of BPD (NNT = 8), pneumothorax (risk is half), hypocarbia, and abnormal
neurosonogram compared with neonates treated with pressure-limited ven-
tilation. It is important as well to avoid hypocapnia, although the potential
benefit of permissive hypercapnia as a ventilatory strategy remains unproven.

Surfactant therapy (sece Chapter 33). We administer surfactant to infants
with RDS who are ventilated with a mean airway pressure of at least 7 cm
H,O and have an inspired oxygen concentration (FiO,) of 0.3 or higher in
the first 2 hours after birth. The first dose should be given as soon as possible
after birth after intubation, preferably within the first hour, although with an
increased use of CPAP as the initial therapy, the timing of surfactant therapy
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may be delayed. We have found that many treated infants can be rapidly tran-
sitioned to support with CPAP shortly after surfactant administration.

4. High-frequency oscillatory ventilation (HFOV) is used in infants who fail
to improve after surfactant administration and require conventional ventila-
tion at high mean airway pressures. For infants with an air leak syndrome,
especially pulmonary interstitial emphysema (see Chapter 38), high frequency
may be the preferred mode of ventilation. Some units use HFOV as a primary
mode of ventilation in extremely preterm babies; they have reported lower
BPD rates.

5. Caffeine citrate. Prophylaxis, soon after admission, has become standard
based on cohort studies showing that earlier initiation of caffeine (2 hours
to 3 days) at standard doses (see Appendix A) is associated with a lower inci-
dence of BPD and lesser duration of mechanical ventilation among less than
28 weeks preterm infants. In view of more CPAP use, early administration of
caffeine will help in reducing CPAP failure. Recent studies showed that early
(<2 days age) caffeine therapy is associated with better neurodevelopmental
outcomes at 18 to 24 months when compared with late caffeine therapy in
preterm infants born at <29 weeks’ gestation.

C. Fluids and electrolytes (see Chapters 23 and 28). Fluid requirements increase
as the gestational age decreases <28 weeks, owing to both an increased surface
area—body weight ratio and immaturity of the skin. Renal immaturity may result
in large losses of fluid and electrolytes that must be replaced. Early use of humid-
ified incubators significantly reduces insensible fluid losses and therefore the total
administered volume necessary to maintain fluid balance, especially when care in-
terventions are coordinated to ensure that the incubator top is only rarely opened.

1. Route of administration. Whenever possible, a double-lumen umbilical
venous line should be placed shortly after birth, along with an umbilical
arterial line for infants requiring higher levels of support or those with blood
pressure instability. Arterial lines generally are maintained for a maximum of
7 to 10 days and then replaced by peripheral arterial lines if needed. Because
of an increased risk of infection, the dwell time for umbilical venous catheters
(UVC) in most cases is limited to 10 days. Catheter related blood stream
infections (CLABSI) are higher with increasing dwell time; a reasonable ap-
proach is to remove UVC early (by day 4) to decrease infection rate among
extreme preterm infants. These are often replaced by percutaneously inserted
central venous catheters (PICC) if continued long-term intravenous (IV) access
is required.

2. Rate of administration. Table 13.2 presents initial rates of fluid administra-
tion for different gestational ages and birth weights when humidified incu-
bators are used. Weight, blood pressure, urine output, and serum electrolyte
levels should be monitored frequently. Fluid rate is adjusted to avoid dehydra-
tion or hypernatremia. Serum electrolytes should generally be measured at the
age of 12 to 18 hours and often at every 12 hours on the first 2 to 3 days, until
the levels are stable, and then daily for few days. By the second to third day,
many infants have a marked diuresis and natriuresis and require continued
frequent assessment and adjustment of fluids and electrolytes. Insensible water
loss diminishes as the skin thickens and dries over the first few days of life.
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Table 13.2. Fluid Administration Rates for the First 2 Days of Life for Infants on

Radiant Warmers*

Birth Weight (g) Gestational Age Fluid Rate Frequency of
(weeks) (mL/kg/day) Electrolyte Testing

500-600 23 110-120 8 hourly

601-800 24 100-110 q8h 8-12 hourly

801-1,000 25-26 80-100 ql2h

*Rates should be 20% to 30% lower when a humidified incubator is used. Urine output and serum
electrolytes should be closely monitored to determine the best rates.

3. Fluid composition. Initial IV fluids should consist of dextrose solution in a

concentration sufficient to maintain serum glucose levels >45 to 50 mg/dL.
Often, immature infants do not tolerate dextrose concentrations >10% at
high fluid rates, so use of dextrose 7.5% or 5% solutions is frequently needed.
Usually, a glucose administration rate of 4 to 10 mg/kg/minute is sufficient. If
hyperglycemia results, lower dextrose concentrations should be administered;
hypo-osmolar solutions (dextrose <5%) should be avoided. If hyperglycemia
persists at levels above 180 to 220 mg/dL with glycosuria, an insulin infusion
at a dose of 0.05 to 0.1 unit/kg/hour may be required and adjusted as needed
to maintain serum glucose levels at acceptable levels (see Chapter 24). Extreme
caution must be exercised with the use of insulin; there is high risk of severe,
damaging hypoglycemia even with the lowest doses.

ELBW infants are more prone to postnatal growth restriction, in view of
their increased energy demands because of immaturity, growth needs, high
risk of hypothermia, anemia, and infection. Healthy preterm neonates require
110 to 120 kcal/kg/day for their adequate growth. If sufficient amount of
nonprotein energy is not provided, amino acids are catabolized for energy
production. Adequate balance between nitrogen and nonprotein energy
sources (protein/energy ratio: 3 to 4 g/100 kcal) is needed to promote protein
accretion. To achieve this, we start parenteral nutrition (PN) immediately on
admission to the NICU for all infants with a birth weight <1,250 g (30 weeks).
(Threshold and methods of delivering PN may be customized to unit resources
and practices, with an aim to achieve target protein and calorie needs as a bare
minimum. Some units mix the amino acid, dextrose and electrolytes into a
single bag. We use each of these without tampering with the factory pack; we
run them into separated iv lines. Thus decreasing mixing and wastage. Most
units in Asia have no access to a pharmacy to prepare PN. Some neonatal units
prepare PN in the NICU itself, a few of these units have a laminar flow hood,
most have no facility for sterile mixing of PN components,most do not have
either. Components such as trace elements and buffering agents are also not
available. Skills to insert central lines and maintain them may be suboptimal.)
Multivitamin solutions are not included in this initial PN because of shelf-life
issues but are added within 24 hours after delivery. No electrolytes are added
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to the initial solution other than the small amount of sodium phosphate
needed to buffer the amino acids. The solution is designed so that the admin-
istration of 60 mL/kg/day (the maximum infusion rate used) provides 2 to 3 g
of protein/kg/day. Additional fluid needs are met by the solutions described
carlier. Customized PN, including lipid infusion (1 to 3 g/kg/day), is begun as
soon as it is available, generally within the first day.

4. Skin care. Immaturity of the skin and susceptibility to damage requires close

attention to the maintenance of skin integrity (see Chapter 65). Topical
emollients or petroleum-based products are not used except under extreme
situations, but semipermeable coverings (Tegaderm and Vigilon) may be used
over areas of skin breakdown.

D. Cardiovascular support

1. Blood pressure. There is disagreement over acceptable values for blood pres-

sure in extremely premature infants and some suggestion that cerebral perfu-
sion may be adversely affected at levels below a mean blood pressure of 30 mm
Hg. In the absence of data demonstrating an impact on long-term neurologic
outcome, we accept mean blood pressures of 26 to 28 mm Hg for infants
of 24 to 26 weeks gestational age in the transitional period after birth if the
infant appears well perfused and has a normal heart rate. Early hypotension
is more commonly due to altered vasoreactivity than hypovolemia, so therapy
with fluid boluses is generally limited to 10 to 20 mL/kg, after which pressor
support, initially with dopamine, is begun. Stress-dose hydrocortisone (1 mg/
kg every 12 hours for two doses) may be useful in infants with hypotension
refractory to this strategy (see Chapter 40). Delayed cord clamping has been
shown to decrease the incidence of early hypotension in premature infants.

. Patent ductus arteriosus (PDA). The incidence of PDA is as high as 70% in

infants with a birth weight <1,000 g. The natural timing of presentation has
been accelerated by exogenous surfactant therapy so that a symptomatic PDA
now commonly occurs between 24 and 48 hours after birth, manifested by an
increasing need for ventilatory support or an increase in oxygen requirement. A
murmur may be absent or difficult to hear, and the physical signs of increased
pulses or an active precordium may be difficult to discern. Most importantly,
it remains a matter of controversy whether a patent ductus is always harmful
or requires treatment. Infants with a symptomatic PDA have a higher risk of
BPD, but early closure does not decrease this risk. Recent studies suggest that
a large percentage of PDAs will ultimately close spontaneously, and the risks
of either medical or surgical therapy may have an adverse effect on both acute
and long-term outcome. This suggests that some of the outcomes attributed
to the PDA might be related to the impact of the therapies employed in an
effort to close it. All three medical management strategies in preterm neonates
have their own disadvantages.

® In the prophylactic group, we end up treating 50% infants who are not
destined to develop hemodynamically significant PDA (hSPDA).

= Closing an echocardiography-proven PDA when symptoms and complica-
tions develop is too late as it also results in less closure rate (50% to 80%
and sometimes reopens).
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® Adopting an “early targeted treatment” is possibly the best approach which
balances between prophylactic and late symptomatic treatment; however,
the chance of overtreating (20 % increase in treated infants) who are not
destined to develop hSPDA is still there.

We thus remain vigilant for the presence of a PDA but delay pharmacologic
therapy until an echocardiogram has been performed and the PDA is noted
to have left to right shunt, ductal diameter 1.4 mm/kg body weight, and left
atrium to aorta (LA/Ao) ratio >1.4 to 1.6 which suggest that the duct is widely
patent or shown to be causing a diminution in the left ventricular function
(left ventricle output to superior vena caval [LVO/SVC] flow >4) and retro-
grade diastolic flow in the descending aorta. If the initial medical therapy fails
to eliminate the hemodynamic impact of the PDA, we administer a second
course of pharmacologic therapy (ibuprofen or IV paracetamol). Prophylactic
treatment with indomethacin has been demonstrated to reduce the incidence
and severity of PDA and the need for subsequent ligation. However, it has
not been shown to result in a change in long-term neurologic or respiratory
outcome. In a recent meta-analysis, it was noticed that paracetamol was as
efficacious as ibuprofen and indomethacin in accelerating PDA closure in
premature infants. In comparison to ibuprofen, it showed shorter mean days
needed for closure, a lower percentage of gastrointestinal (GI) bleeding, and
a lower risk of hyperbilirubinemia. Surgical ligation is infrequently necessary
and should be considered only if there is clear evidence of a significant left to
right shunt after medical management.

Blood transfusions. These are often necessary in small infants because of large
obligatory phlebotomy losses. Infants who weigh <1,000 g at birth and are
moderately or severely ill may receive a few transfusions in the first few weeks
of life. Donor exposure can be successfully limited by delayed cord clamping
(DCC), microsampling techniques, reducing laboratory testing to the minimum
necessary level, employing strict uniform criteria for transfusion, and identifying
a specific unit of blood for each patient likely to need several transfusions (see
Chapter 45). Each such unit can be split to provide as many as eight transfusions
for a single patient over a period of 21 days with only a single donor exposure.
Erythropoietin therapy in conjunction with adequate iron therapy will result
in accelerated erythropoiesis, but it has not been shown to reduce the need for
transfusion and is not routinely used in these patients. Delayed cord clamping
may help in reducing early need of packed RBC transfusion. Unnecessary fresh
frozen plasma and platelet transfusion can also be reduced with following a strict
protocol; these blood products can act like a Trojan horse and carry infection.

Infection and infection control (see Chapter 49). In general, premature birth
is associated with an increased incidence of early onset sepsis, with an incidence
of 1.5% in infants having birth weight <1,500 g. Group B Streprococcus (GBS)
remains an important pathogen, but Gram-negative organisms now account
for most of early onset sepsis in infants weighing <1,500 g. We almost always
screen for infection immediately after birth in cases in which there are perinatal
risk factors for infection and treat with prophylactic antibiotics (ampicillin and
gentamicin) pending culture results. In India, many of the microbes associated
with early-onset infections are resistant to ampicillin and gentamicin, and neo-
natologists often use amikacin or other combinations (see Chapter 53). ELBW
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infants are particularly susceptible to hospital-acquired infections (occurring at
>72 hours after birth), with about half due to coagulase-negative Staphylococcus
(Gram-negative bacteria, Staphylococcus aureus in India). In a large study from
India, commonest agents of neonatal sepsis were multidrug-resistant Acinetobacter
baumannii and Klebsiella pneumoniae with fatality rate of 59% in culture-positive
sepsis newborn. Risk factors for late-onset infection include longer duration of
mechanical ventilation, presence of central catheters, and PN support.

The risk of these late-onset infections (particularly central line—associated
infections) can be decreased by improvements in care practices. Foremost among
these is meticulous attention to hand hygiene. Alcohol-based gel for hand hygiene
should be available at every bedside and prominently in other spots throughout
the NICU. Periodic anonymous observation to monitor and report on hand
hygiene practices before any caregiver—patient contact may help maintain com-
pliance. In-line suctioning is used in respiratory circuits to minimize disruption,
and every effort is made to minimize the duration of mechanical ventilation. We
use only PN solutions that have been prepared under laminar flow and never
alter them after preparation. The early introduction of feedings, preferably with
human milk, minimizes the need for central lines and provides the benefits of
milk-borne immune factors. When central lines are necessary, we have an ob-
server monitor the PICC insertion technique and immediately identify deviation
or omission from a standard checklist. Dedicated central line insertion teams are
employed in many units and help standardize insertion techniques to reduce the
risk of infection. After insertion, attention to scrupulous central line care to avoid
line hub bacterial colonization also has been shown to reduce the risk of central
line—associated bacterial infection. The need for the line should be reassessed
daily to reduce line dwell time to a minimum. Minimal laboratory testing as
allowed by the infant’s condition and clustering blood draws whenever possible
help reduce the number of skin punctures and reduce patient handling.

These practices are part of a standardized protocol for skin care for all neonates
born with weight of <1,000 g. Ideally, the establishment of a uniform NICU
culture that rejects the idea that these infections are inevitable and fosters pride in
care and cooperation has helped create an environment of blameless questioning
between practitioners. Fluconazole prophylaxis is recommended in units where
baseline incidence of fungal infections is high. Probiotics have been shown to
decrease late onset neonatal sepsis (LONS) consistently across studies, but con-
troversies on best dose schedule and best patient selection are some of the reasons
that many units still do not use them as a routine.

Nutritional support (see Chapter 21)

1. Initial management. In all infants who weigh <1,000 to 1,200 g at birth,
PN is begun shortly after birth using a standard solution administered at a
rate of 60 mL/kg/day (see section IV.C), resulting in protein administration
of 2 to 3 g/kg/day. On subsequent days, customized parenteral solutions are
formulated to increase the protein administration rate to a maximum of 3 to
4 g/kg/day. Parenteral lipids are begun on day 1 at 1 g/kg/day and advanced
each day to a maximum of 3 g/kg/day as allowed by triglyceride levels (there is
no evidence for the stepwise escalation, some practice 3 g/kg lipid on day 1).
Enteral feeding is begun as soon as the patient is clinically stable. Nonprotein
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calorie should be provided at 20 to 30 kcal for each gram of protein with
carbohydrate to fat source ratio of 60:40.

2. The safe initiation of enteral feeds begins with the introduction of small
amounts of expressed breast milk (10 to 20 mL/kg/day), with the goal of prim-
ing the gut by inducing local factors necessary for normal function. In many
units, donor breast milk is used for the highest-risk infants if expressed breast
milk is not available; in units without availability of donor breast milk, options
include the use of preterm formula or delay in initiation of enteral feedings for
3 to 4 days until expressed breast milk or colostrum is available. These small
amounts of enteral feedings may be started even in the presence of an um-
bilical arterial line and advanced as per protocol. A standardized approach to
feeding advancement may reduce the risk of feeding intolerance or necrotizing
enterocolitis (NEC) (see Chapters 21 and 27). As feedings are advanced, signs
of feeding intolerance such as abdominal distention, vomiting (which is rare),
and increased gastric residuals should be monitored. It is important but often
difficult to differentiate the characteristically poor GI motility of ELBW in-
fants from signs of a more serious GI disorder such as NEC (see Chapter 27).
At least two-thirds of ELBW infants have episodes of feeding intolerance that
result in interruption of feeds, including small bilious gastric residuals as feeds
are begun. Once successful tolerance of feedings is established at 90 to 100
mL/kg/day, caloric density is advanced to 24 cal/30 mL, and then the volume
advanced to 150 to 160 mL/kg/day (see Chapter 21). This eliminates a drop
in caloric intake as PN is weaned while feedings advance. Once tolerance of
full feedings of 24 cal/30 mL is established, the density of feedings may be
advanced if needed for adequate growth by 2 cal/30 mL/day up to a maximum
0f 30 cal/30 mL, although this higher caloric density is rarely required. Protein
powder may be added to a total protein content of 4 g/kg/day because this
promotes improved somatic and head growth over the first several weeks of
life. Adequate protein and calorie intake can be achieved by fortification of
human milk—derived or bovine milk—derived fortifiers. Once neonate reaches
60 to 100 cm? mL/kg feed, one sachet of milk fortifiers can be added to 25
mL of expressed breast milk or pasteurized donor milk. Many extremely small
infants may benefit from restriction of total fluids to 130 to 140 mL/kg/day.
This minimizes problems with fluid excess while still providing adequate
caloric intake.
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Developmentally
Supportive Care

Lu-Ann Papile and Carol Turnage Spruill

KEY POINTS

The sensory experiences of a preterm baby should be appropriate to the develop-
ment stage, similar to what the fetus would have experienced in utero.
Developmentally supportive care aims at adapting the NICU environment and
care processes to improve physiologic stability, decrease stress, protect sleep, and
promote behavior organization.

Intense stimuli like severe/frequent pain, intense light, loud sound, strong smell,
and frequent sleep interventions may have devastating influence on developing
brain.

Evidence supports improvement in short-term development outcomes in preterm
babies who receive development care.

Individualized care: timing of examination, feeding, care like diaper change,
sampling should be based on infant cues (behavior state), rather than by schedule.
Family-centered care: involve parents very early (from day1) in care of the baby, it is
beneficial to both the baby and the parents. The family experiences are better and
transition to home is smoother.

NICU design must aim to minimize noise and optimize light to minimum, when not
needed.

Kangaroo care (KC) has multiple benefits and all NICUs must have policy to support
and promote KC.

Nonnutritive sucking, massage, swaddling, facilitated tuck, positioning to promote
flexion, midline posture, and parents speaking to their baby are all supportive
development.

INTRODUCTION. The key principles of developmentally supportive care (DSC) are
a development-supportive environment, family-centered care, and individualized
care. It provides a gentler care environment which simulates in utero experiences
of the fetus, and encourages and guides the developmental organization of the pre-
mature or critically ill infant. Family participation starts with the birth of the baby.
Implementing the principles of family-focused DSC in a neonatal intensive care
unit (NICU) environment facilitates family adaptation and aims to improve neuro-
developmental outcomes. DSC promotes a culture that respects the personhood of
preterm and medically fragile term infants.

A. Preterm infants have a substantially higher incidence of cognitive, neuromotor,
neurosensory, and feeding problems than infants born at full term. Fluctuations
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in the cerebral circulation that occur even during routine care (position, diaper
change, orogastric feeding) may contribute to this increased morbidity; noxious
stimuli such as pain, bright light, and loud sounds may alter the neurotransmit-
ters and bioactive factors resulting in developmental aberrations. Changes in ce-
rebral oxygenation and blood volume measured with near-infrared spectroscopy
(NIRS) that occur during diaper changes with elevation of the legs and buttocks,
endotracheal tube (ET) suctioning, repositioning, routine physical assessment,
and gavage feedings have been associated with early parenchymal brain abnor-
malities. DSC helps to minimize these disturbances. For implementing DSC, the
following aspects need to be understood:

1. Assessment of the baby’s behavioral state—stress and self-regulatory responses
2. The goals and principles of DSC
3. The components and methods of DSC

ASSESSMENT OF STRESS AND SELF-REGULATORY BEHAVIORS. Identification
of an infants stress responses and self-regulating behavior at rest, as well as during
routine care and procedures, is essential for the creation of care plans that support
and promote optimal neurodevelopment (Table 14.1). Ideally, an infants cues are
continuously monitored and the care plan is modified as needed to lower stress and
promote stability. Acutely ill term infants have responses to stress and pain similar
to those of preterm infants; however, their cues are often easier to read because they
have more mature behaviors.

A. Stress responses. A baseline profile of an infant’s stress responses to various
stimuli are assessed in the domains of autonomic, motor, state organization, and
attention/interaction signs.

1. Autonomic signs of stress include changes in color, heart rate, and respiratory pat-
terns, as well as visceral changes such as gagging, hiccups, vomiting, and stooling.

2. Motor signs of stress include facial grimacing, gaping mouth, twitching, hy-
perextension of limbs, finger splaying, back arching, flailing, and generalized
hypertonia or hypotonia.

3. State alterations suggesting stress include rapid state transitions, diffuse sleep
states, irritability, and lethargy.

4. Changes in attention or interaction, exhibited by closing or blinking eyes, gaze
aversion, frowning, and hyperalert or panicky facial presentation, represent
signs of stress in preterm infants.

=

Self-regulating behavior. Preterm infants employ a number of self-consoling
behaviors to cope with stress including hand or foot bracing; sucking; bringing
the hands to the face; flexed positioning; cooing; and grasping of linens, tubing, or
own body parts. Because painful procedures may overwhelm an infant’s ability to
self-console, support of the infant by parents or staff during these activities is needed.

GOALS AND PRINCIPALS OF DEVELOPMENTAL SUPPORT. Developmental sup-
port necessitates attention by caregivers to observe cues (autonomic, motor, state)
and respond to them. Infant cues provide clues to the type of intervention that may
be most effective in decreasing stress and physiologic disturbances. The individual
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caregiver must learn to recognize and appropriately respond when an infant commu-
nicates stress, pain, or the need for attention. The core principles of DSC are stimula-
tion of early developing senses such as tactile and olfactory—gustatory and protecting
the later developing senses such as auditory and visual by appropriate protective
measures for optimal growth of the brain and musculoskeletal system. The goal is to
maximize rest, minimize stress, and optimize healing and growth in a framework that
supports family participation as described in the subsequent text.

A. Supporting autonomic system stability. Because the autonomic and visceral
systems cannot be accessed directly, interventions are used to assist an infant’s
return to a state that supports autonomic stability. Swaddling, hand containment
(facilitated tuck), and nesting with boundaries are supportive interventions that
have been shown to be efficacious. Anticipatory planning for a quiet, calm en-
vironment, swaddling to reduce motor arousal, and letting the infant guide the
pace of a feeding are strategies that will elicit less stress behaviors during feeding
and may result in better feeding tolerance. Autonomic stability is especially im-
portant during handling not only to assist the infant with coping but also to allow
the clinician to perform a physical exam or diagnostic test.

=

Intervening through the motor system. Support of the motor system is focused
first on development and function and second on the prevention of acquired
positioning deformities or functional limitations. Containment or “facilitated
tuck” is useful for calming or support during care and/or procedures. Positioning
during care requires close attention, as a preterm infant cannot sustain a flexed,
aligned posture with midline orientation that is ideal and comforting. Term
infants who cannot maintain age-appropriate posture and/or movement due to
neuromuscular disease, congenital anomalies, severity of illness, or medications
can develop musculoskeletal problems or loss of skin integrity and also need po-
sitioning support. Movement is necessary for musculoskeletal growth and devel-
opment. Thus, it is imperative that boundaries or swaddling provide containment
without being restrictive.

C. Creating environments that cultivate state organization. Preterm infants have
a reduced ability to maintain a stable behavior state and have frequent transitions
between states compared to term infants. Environmental modifications are made
to promote quiet periods and restful sleep. To promote the development of state
organization, it is important to avoid activities that cause abrupt state transitions,
such as rousing an infant from sleep by suddenly repositioning for an examina-
tion. Letting an infant know when a caregiver approaches to perform care at
the bedside by using soft speech (infant’s name), gentle touch, and containment
while slowly repositioning can alleviate abrupt state disruption. Staff, parents, and
others need to be consistent in their approach.

IV. THE COMPONENTS AND METHODS OF DSC

A. Team collaboration and consistent care plan. Developmental care should be
considered as a part of routine care. The unpredictable nature of care in the
NICU can be diminished by consistent caregivers who are familiar with an in-
fant’s clinical condition and behavior, provide care in a similar manner, respond
quickly to cues, and provide relevant information to all members of the infants
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team including the family to create an individualized plan of care. The devel-
opmental plan is complementary to the medical plan and uses developmental
principles, techniques, and environmental modifications to reduce stressors that
challenge an infant’s physiologic stability through behavioral instability.

By providing a developmentally supportive NICU environment, neonatal
caregivers can support neurologic and sensory development and potentially min-
imize later developmental issues in preterm and medically fragile infants. The
acutely ill term infant also requires environmental modifications that reduce stress
and promote sleep and recovery. Environments may be modified at the bedside
to respond appropriately to an infants ongoing requirements. Environments on
a larger, more complex scale are planned when NICUs are remodeled or newly
designed. Health care professionals, architects, interior design consultants, health
care facility regulators, and acoustic designers have revolutionized the NICU
environment with continuously evolving standards of design based on research
findings and clinical experience. When possible, anticipation of an infant’s envi-
ronmental needs prior to admission is ideal. The influence of the environment is
of practical concern for short- and long-term development (e.g., both light and
sound impact sleep). The main components of DSC are the following:

1. Developmentally supportive activities of daily living (ADL)

Healing environment

. Protected sleep
Pain protection

. Family-centered care

Infant follow up and early Intervention programs

= VA W N

Developmentally supportive ADL. These are caregiving activities that are
important for the infant’s growth, development, hygiene, and general well-be-
ing. The activities include dressing and undressing, diaper change, sponging,
massage, skin care, non-nutritive sucking (NNS), and feeding. Involving and
encouraging parents and extended family members to actively participate
during caregiving activities fosters bonding between them and their infant.
ADL should be carried out according to the readiness of the baby by looking at
the infants state of alertness, sleep cycles, communication cues, medical condi-
tion, and family presence and not be protocol driven. During these activities,
care should be taken to position the preterm infant to ensure that it supports
symmetric development by following the below-mentioned steps:

a. Feeding. Oral feeding is a complex task requiring physiologic maturation,
coordination of suck—swallow—breathe mechanics, and development of
oral motor skills. Breastfeeding is the preferred method, and breast milk
is recommended for both preterm and term infants (see Chapter 22).
The transition to oral feeding from tube feeding requires skill assessment
and judgment on the part of the caregiver. An infant who is successful
in learning to nipple feed is less likely to develop feeding problems after
discharge. It is important that the infant learns to feed properly and that
family members are able to feed their infant. Progression to oral feeds is
highly contingent on elements of DSC and occurs predictably in several
phases. Pre-NNS is characterized by weak suck and instability of motor,
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autonomic, and state regulation systems; NNS is characterized by more
optimal suck patterns and should be encouraged during gavage feeds.
Nutritive suck typically begins at approximately 33 weeks™ postmenstrual
age (PMA) and progresses to full oral intake as autonomic stability and oral
motor coordination improve. Strategies to promote successful progression
through these phases include identifying and minimizing signs of physio-
logic stress; environmental modification to promote autonomic stability;
feeding in a flexed, midline position; pacing techniques; and use of slow-
flow nipples. Considerations for a feeding plan include the infant’s oppor-
tunities to practice, environmental preparation to minimize stressors, and
using the infants feeding readiness cues to start feedings rather than strict
adherence to a specific PMA, specific time intervals, and feeding duration.
Infants fed using feeding readiness cues experience significantly fewer ad-
verse events during feedings, reach full oral feeding sooner, are discharged
earlier and gain the same amount of weight as controls. In addition, experi-
ential feeding, that is, feeding frequently during the day without regard for
duration, also results in less time to full oral feeding. Leaving a gavage tube
in place during initial feeding attempts or repeated insertions may cause
discomfort and interfere with feeding progression or generate oral aversion
and later feeding disorders. Research is needed to understand more about
the risk factors for feeding behavior disorders associated with aversive or
repeated noxious stimulation of the oropharynx and gastrointestinal tract.

-

. Dim the light, and reduce noise and other distractions.

ii. Caregivers should not be distracted and talk to others while feeding
their infant.

iii. While feeding with paladai or spoon, the infant must be awake and
not asleep.

iv. Do not wake infants by pinching, tickling, pulling, or flicking their

ears or soles.

v. The infant’s head, neck, and trunk should be well supported by the
caregiver’s arm or body.

vi. Swaddling the infant during feeding reduces startles and unnecessary
arm and leg movements and associated stress.

Skin care
i. Avoid using lotions and soap.

ii. Care should be taken to avoid pressure and device-related sores and
during removal of adhesive tapes.

Massage. Gently apply oil for very preterm and ELBW infants instead of
massaging. In supine, prone and side-lying positions, start massaging from
the head, move to the face, then the chest, the abdomen, and finally the
limbs. Fingers should be placed flat on the infant’s body and the massage
should be done with moderate pressure using long, firm yet gentle strokes.
Gentle extending and flexing of limbs can be done during the massage. Light
feathery touch should be avoided.

Diaper change. Make sure that clean diapers and wet cotton swabs are
ready and near the infant. Open the dirty nappy and pick up both the legs
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of the infant, flexing them toward the abdomen; clean from the front to
the back in gentle strokes.

2. Healing and stimulating environment. It is important for stress reduc-
tion and early stimulation of olfactory, vestibular, vision, and auditory
development.

a. Sound. Increased noise levels in the NICU are associated with physiologic
stress and autonomic instability. Intense noise levels at 55 to 60 dBA and
above disrupt sleep and may impact brain development occurring during
both active/light sleep and quiet sleep. The development of sleep state or-
ganization may also be altered. The American Academy of Pediatrics (AAP)
recommends that NICU sound levels should not exceed an hourly equiva-
lent sound level of 45 dB and hourly L, (noise level exceeded for 10% of
1 hour) of 50 dB. Transient sounds should not exceed 65 dB. Infants cared
for in incubators may be exposed to increased ambient noise from person-
nel tapping on the incubator walls or using the top of the incubator as a
shelf. Music or recording devices placed within the incubator also increase
ambient sound levels.

A DSC program includes systematic efforts to manage environmental
sound (e.g., low conversational tones, discussions away from the bedside,
placing pagers on vibrate mode, care in opening and closing portholes).
Baseline sound levels need to be measured occasionally during the year
along with an evaluation of sources contributing to noise intensity or
sudden loud sounds. Random monitoring of sound levels is helpful in
sustaining noise abatement.

Limited information is available on the impact of sound frequencies
on infants in the NICU. Early investigations have reported frequencies
ranging from <500 to 16,000 Hz or more over 50% of the time in the
NICU. Inside the womb, the fetus is exposed to frequencies of <500 Hz
until later in gestation when the womb thins closer to delivery. Around 33
weeks, fetuses can respond to high-frequency sounds; however, the effects
of repeated exposure over time are unknown. The preterm infant may ex-
perience high-frequency, high-intensity sounds repeatedly throughout his
or her hospital stay without the natural protection of the mother’s womb;
this may influence the developing architecture and functional organization
of cortical auditory connections. Because the effects of such exposure are
unknown at this time, spectral analysis along with sound intensity requires
further study. As a precaution, both sound intensity and frequency should
be monitored in the NICU and a plan developed to minimize the infant’s
exposure to potentially deleterious levels of sound. The most natural source
of sound for the infant is the mother’s voice. If a baby cannot distinguish
the maternal voice from ambient noise, auditory development may be al-
tered from the natural evolution that occurs in the womb.

Doctors, nurses, and family should talk softly near the infant’s bassi-
net or move slightly away while medical intervention is being discussed.
Shouting instructions across the room and chairs being dragged rather than
lifted are a constant source of stress for the infant. Other simple measures
taken for reducing auditory overload are lifting the chairs without dragging,
handling steel vessels carefully without falling (trays, paladai, etc.), reducing
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the volume of telephone ring, attending monitor alarms promptly, setting
the volume of the alarm at a lower level, and closing the incubator doors
quietly. Tapping or writing on incubator should not be allowed. Mother’s
speaking or singing softly is the best auditory stimulation. It comforts the
infant and blocks out some of the stress sounds present in the environment.
Do not hang baby chimes or put toys with loud nursery rhymes near the
infant.

. Light. The relationship between ambient light and neurodevelopment is
less clear. Reduced illumination is associated with increased autonomic
stability in preterm infants and more frequent eye opening by both preterm
and term infants. An additional developmental benefit of reducing en-
vironmental light is a concurrent reduction in environmental noise and
less handling of infants. Early preterm infants may experience discomfort
when exposed to intense light due to very thin eyelids that cannot block
light and an immature pupillary reflex. Visual stimulation before 30 to 32
weeks’ PMA is often accompanied by stress responses. Protection from light
for the early preterm infant can be accomplished with thick, quilted covers
that have a dark material on the side facing the incubator. Lighting for
staff needs to be at a level that allows safe and efficient functioning. Lights
should be dimmed during the day if there are no procedures. Preterm in-
fants should not be placed under direct bright light. Encourage a day—night
light rhythm in the NICU to develop circadian rhythm. The mother’s face
is the best visual stimulus for the preterm infants. During procedures, the
infant’s eyes should be protected from direct light using blanket tents or
other methods that do not require tactile input. Eye covers should be used
only when phototherapy is indicated. Reduction of light in the NICU
does not appear to affect the incidence or progression of retinopathy of
prematurity or alter visually evoked potentials measured in early childhood.
These are relatively short-term outcomes; long-term effects of early, atypical
lighting and visual stimulation are unknown.

The AAP guidelines for perinatal care recommend adjustable ambient
light levels from 10 to 600 lux (1 to 60 foot-candles) in infant areas. Procedure
lighting that can be controlled or reduced as needed is recommended for each
NICU bed. Procedure lights need to be focused so they do not alter the illu-
mination of other infants.

The AAP also supports the recommendations of both the Illuminating
Engineering Society and the 2012 Consensus Committee on NICU design.
New or renovated NICUs typically provide ambient lighting of 10 to 20
lux. The light levels used in cycled lighting research for the night-time cycle
are within this range and can be used for light variation in the development
of circadian rhythms. Cycled lighting may be beneficial for preterm infants,
but the gestational age at which light intensity, day/night pattern, and light
duration are safe and beneficial is not known. Preterm infants who have
been exposed to cycled lighting at 30 weeks' gestational age and beyond
have greater weight gain, earlier oral feeding, and more regulated patterns
of rest/activity after discharge than control groups. However, atypical stim-
ulation to one sensory system may adversely affect the function of another
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C.

.

d.

]

sensory system. Until more is understood about light exposure, a conserva-
tive approach is best.

Gustatory sensation. Preterm infants are very sensitive to noxious smell
(hand rubs) which causes stress. The mother’s smell and the smell of her
breast milk are the best olfactory stimulants. These also help in reducing
infant stress.

Vestibular sensation. Abrupt position change will negatively affect the
infant’s physiological parameters and optimal development. Stress can be
reduced if the caregiver gently moves his/her body instead of rocking or
swinging the infant. Gently move the body toward you when lifting up.
The mother’s thythmic breathing and chest movement is one of the most
soothing experiences for the preterm neonate while in kangaroo care. The
caregiver should bend his/her body forward, holding the baby close to
his/her body.

Kangaroo care (KC). Sometimes referred to as skin-to-skin holding, KC
is a technique consistently associated with improved infant outcomes (i.c.,
fewer respiratory complications, improved weight gain, and temperature
regulation) and maternal outcomes (i.e., improved maternal competence
and longer breastfeeding duration). Mothers who use kangaroo holding
produce a greater volume of breast milk than mothers who hold in the
traditional way. KC can be initiated as soon as infants are medically stable.
Infants are held on their mother or father’s chest wearing only a diaper and
are covered with a blanket and cap. A minimum of 1 hour is reccommended
for kangaroo holding. A NICU protocol for kangaroo holding ensures
safety and minimizes an infants stress response to handling/positioning.
Kangaroo care impacts several developing sensory systems including tactile
(skin), olfactory, and vestibular (rise/fall of chest). Soft speech by the parent
a will be audible to their infant if ambient noise is minimized. The preterm
infants visual capacity is not challenged because eye-to-eye contact is not a
necessary component for KC. Parents can be with their infant earlier in a
way that is satisfying for them and supportive for their baby.

Tactile stimulation/touch. This includes positioning, nesting, swaddling,
facilitated tuck, and massage. The goals of positioning are to facilitate
flexed and midline positioning of extremities, stabilize respiratory patterns,
and lessen physiologic stress. Interventions include flexion, containment,
midline alignment, swaddling, and nesting. Swaddling is a technique of
wrapping the baby in a sheet in such a way that the infant feels safe, secure,
and contained. It facilitates sleep and promotes growth and development.
Nesting/creating boundary is preparing a nest like an oval boundary
around the infant using sterilized sheets. Nesting holds and contains the in-
fant, simulating iz utero environment. This technique stabilizes the infants
and promotes protected sleep. Nesting needs to allow sufficient room for
the infant to push against boundaries, to facilitate continuing development
of the neuromotor and skeletal systems. Nesting and swaddling are also
useful in minimizing the upper/lower extremity abduction, scapular retrac-
tion, and cervical hyperextension typical of preterm infants. More mature
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infants with congenital neuromuscular or skeletal disorders may also need
positioning support.

NICU design. Single family rooms support the infant and family bond and
create an environment that is readily adapted to meet an individual infants
requirements. Whether single family rooms are more beneficial than the
traditional open-bay design is not certain. In one study, preterm infants
cared for in single family rooms were found to have delayed cerebral mat-
uration on magnetic resonance imaging (MRI) at term and significantly
inferior language scores at 2 years of age compared to a peer cohort cared
for in open bays. These results are thought to be related to sensory and so-
cial deprivation. On the other hand, another study noted that infants cared
for in single family rooms experienced a lower infection rate, decreased
stress, better weight gain, improved feeding tolerance, and better attention
and tone. Regardless of design, thoughtful consideration of the needs of
an individual infant must be considered to provide an environment that

99

supports optimal outcomes.

Protected sleep. An infants undisturbed sleep is very important for his/her
brain growth. Apart from KC, the other measures such as providing nesting,
clustering of ADL, massage, and having a healing environment help to pro-
mote sleep of infants. The containment that the uterus provides to the fetus
instills a sense of safe and secure environment. The fetal position enables
the fetus to develop appropriate muscle tone and patterns of movement.
Unfortunately premature infants are unable to maintain this position them-
selves due to their low tone and the gravitational pull. External help is needed
to simulate the 77 utero environment to enable the newborn to develop and
grow appropriately. Leaving an infant without boundary or nesting disturbs
the infants sleep and aggravates pain and stress.

Newborn babies admitted in the NICU are constantly handled which dis-
turbs their sleep pattern. So, to ensure that the infants get enough undisturbed
sleep, the daily routines such as cleaning the baby gently, changing of diapers,
oil massage, weighing of the baby, putting cap, gloves, and socks, giving anti-
biotic, and feeding can easily be done together in a cluster when the infant is
awake instead of disturbing the sleep by doing these activities individually at
different times.

It is important to remember that all caregiving activities are modified
according to the infant’s cues rather than protocol driven. While changing
clothes or nappy, do not make sudden changes in the position; stop and calm
the newborn if stress signs are seen.

Pain protection and stress management. Pain assessment and management
is a basic right of all patients. Evidence-based assessment and practice guide-
lines facilitate the use of pain management by physicians, nurses, and other
practitioners. A streamlined approach using algorithms may enhance utiliza-
tion at the bedside.

Pain. Effective nonpharmacologic interventions incorporate developmental
principles such as swaddling, NNS, kangaroo holding, hand containment/
facilitated tuck, breastfeeding, and administration of an oral sucrose solution
(see Chapter 70). Nonpharmacologic measures are used as an adjunct to
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6.

pharmacologic treatment of moderate-to-severe pain. Containment is holding
and calming a baby placed in a bassinet/incubator during a painful procedure.
One hand of the caregiver is placed firmly yet gently on the head of the baby
while the other hand can be placed on the lower back, buttocks, or soles of
his/her feet.

The AAP and the Canadian Pediatric Society advocate management of both
pain and stress. High-stress situations need to be identified and modified to
minimize the impact on the ill or preterm infant. Examples of potential high-
stress conditions include delivery room care, transport to NICU, admission
process, and diagnostic procedures that often produce pain or discomfort along
with stress. During stressful events, developmental support based on infant cues
guides the NICU team’s care and needs to be ongoing with every episode of care.

Family-centered care with parent support/education. Effective DSC is de-
pendent on implementation of the principles of family-centered care during
NICU stay as well as on transition to home.

a. In the NICU. Preterm birth and NICU hospitalization negatively impact
parent—infant interactions, which, in turn, is associated with long-term
adverse developmental sequelac. Individual family-centered interactions
(i.e., family-based developmental evaluations, support, and education) have
been associated with reduced parent stress and more positive parent—infant
interactions. Family-centered NICU policies include welcoming families
24 hours per day, promotion of family participation in infant care, creation
of parent advisory boards, implementation of parent support groups, and
comfortable rooming-in areas for parents.

&

Discharge teaching. Because brain growth and maturation may occur at a
slower rate in the extrauterine environment, parents must understand that
their baby may not behave as a term baby would when he or she has reached
40 weeks' PMA. Many parents report being ill-prepared for discharge from
the NICU with respect to recognizing signs of illness, employing effective
calming strategies, being aware of typical and delayed development, and
using strategies to promote infant development. Teaching that begins well
before discharge can help parents be better prepared to assume their role as
the primary caregiver.

C.

.

Postdischarge family supports. Parents report feeling frightened and
alone following discharge of their preterm infant from the NICU, even
when services are provided by a visiting nurse and early intervention spe-
cialists. Support groups for parents of preterm infants designed to provide
long-term emotional and educational support are available in many com-
munities. In addition, magazines, books, and web based materials related
to parenting preterm infants are available. A promising approach to facili-
tating seamless transition to community-based services includes referral to
the federally mandated Early Intervention (EI) program before the infant’s
discharge and collaboration between NICU and EI professionals to create
a developmentally supportive transition plan.

Infant follow-up and EI programs. The focus of a follow-up program is
to prevent or minimize developmental delay through early identification of
risk factors and referral to appropriate treatment programs. Close follow-up
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is paramount to maximizing developmental outcome. Every center that cares
for medically fragile and preterm neonates needs to have a follow-up program
available. Which group of infants to follow and the frequency of follow-up
assessments are dependent on state and medical center resources.

District early intervention centers. As a part of the infant follow-up and dis-
ability reduction, the Government of India has introduced district-level early
intervention centers (DEIC) under the Rashtriya Bal Swasthya Karyakram
(RBSK) scheme. It provides holistic care with the help of multidisciplinary
team under one roof and is primarily aimed at children younger than 6 years.

The major interventions include the following:

m Screening and assessment for the 4 D’s—defects at birth, diseases, deficien-
cies, and developmental delays and disability

® Domain-specific intervention

= Review and follow-up

® Referral to tertiary centers if needed

The multidisciplinary team includes the following:
® Medical and dental services

= Audiology and speech therapy

® Occupational therapy and physical therapy

= Cognition and psychological services

= Vision services

m Sensory services and special education

Babies admitted to the newborn care units, who are at a high risk for devel-
opmental delays and neuromotor disability, will be followed up in the DEICs
and early intervention will be initiated. All the services are coordinated by
the DEIC manager and children older than 6 years will be referred to specific
rehabilitation centers.

N

Developmental care-evidence. Recent systematic review (GRADE process)
included 13 studies that reported interventions in NICU intended to sup-
port development (RCT reporting Bayley Scale of infant development at 12
or 24 months were included). Both psychomotor developmental index and
mental developmental index were better in the intervention group, although
quality of evidence was limited.

Single family room (SFR). Nursing preterm babies in single rooms with all
family members, rather than in large NICU bays was associated with better par-
ent presence, participation, skin-to-skin care, and lower NICU-related stress.
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Temperature Control

Kimberlee E. Chatson

KEY POINTS

Immediate postnatal hypothermia is a worldwide issue with implications of signifi-
cant morbidity and mortality.

The preterm infant is especially vulnerable, and extra measures need to be taken to
provide a neutral thermal environment.

Practice kangaroo care to prevent hypothermia; it has benefits in improving breast-
milk feeding, better weight gain, less infections, and early discharge from hospital.
Induced hypothermia is a new modality that can reduce neuronal loss and subse-
quent brain injury after hypoxic-ischemic insult. Recognition and timely treatment
of infants is needed to be effective.

BACKGROUND. Neonatal hypothermia after delivery is a worldwide issue, occurs in
all climates, and if prolonged can cause harm and affect survival. Thermoregulation
in adults is achieved by both metabolic and muscular activities (e.g., shivering).
During pregnancy, maternal mechanisms maintain intrauterine temperature. After
birth, newborns must adapt to their relatively cold environment by the metabolic
production of heat because they are not able to generate an adequate shivering
response. Brown fat is a source for thermogenesis in term newborns. It is highly
vascularized and innervated by sympathetic neurons. When these infants face cold
stress, norepinephrine levels increase and act in the brown fat tissue to stimulate lip-
olysis. Most of the free fatty acids (FFAs) are re-esterified or oxidized; both reactions
produce heat. Factors that can increase risk for hypothermia include prematurity,
intrauterine growth restriction, asphyxia, and certain congenital anomalies (e.g.,
abdominal wall defects, central nervous system [CNS] anomalies).

. TEMPERATURE MAINTENANCE

A. Premature infants experience increased mechanisms of heat loss combined with
decreased heat production capabilities. These special problems in temperature
maintenance put them at a disadvantage. Compared with term infants, prema-
ture infants have:

1. A higher ratio of skin surface area to weight
2. Highly permeable skin which leads to increased transepidermal water loss

3. Decreased subcutaneous fat with less insulative capacity
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4. Less-developed stores of brown fat and decreased glycogen stores

5. Poor vasomotor control

6. Challenges with adequate caloric intake to provide nutrients for thermogenesis
7. Limited oxygen delivery if pulmonary conditions coexist

Cold stress. In the setting of resuscitation, newborn infants can be subject to
acute hypothermia and respond with a cycle of peripheral vasoconstriction, caus-
ing anaerobic metabolism, metabolic acidosis, and pulmonary vasoconstriction.
Hypoxemia further compromises the infant’s response to cold. Premature infants
are at the highest risk for hypothermia and its sequelae (i.e., hypoglycemia, met-
abolic acidosis, increased oxygen consumption). After the immediate newborn
period, the more common and chronic problem facing premature infants than
actual hypothermia is caloric loss from unrecognized chronic cold stress, resulting
in excess oxygen consumption and inability to gain weight. The use of low-read-
ing thermometers (from 29.4°C/85.0°F) is recommended because temperature
readings <34.4°C (94.0°F) can go undetected with routine thermometers.
Thermistor probes available with radiant warmers or incubators can identify and
alert the physicians to the occurrence of hypothermia (by alarms activated when-
ever skin temperature falls 0.5°C to 1°C below the set temperature).

Neonatal cold injury is a rare, extreme form of hypothermia that may be
seen in low-birth-weight (LBW) infants and term infants with CNS disorders.
Core temperature can fall below 32.2°C (90°F). It occurs more often in home
deliveries, emergency deliveries, and settings where there is inadequate support
regarding the thermal environment and practices needed to minimize heat loss.
These infants may have a bright red color because of the failure of oxyhemoglobin
to dissociate at low temperature. They may have central pallor or cyanosis. The
skin may show edema and sclerema. Signs may include hypotension; bradycardia;
slow, shallow, irregular respiration; poor sucking reflex; abdominal distention
or vomiting; decreased activity; decreased response to stimulus; and decreased
reflexes. Metabolic acidosis, hypoglycemia, hyperkalemia, azotemia, and oliguria
can be present. Sometimes, there is generalized bleeding, including pulmonary
hemorrhage. It is controversial whether warming should be rapid or slow. Setting
the abdominal skin temperature to 1°C higher than the core temperature or set-
ting it to 36.5°C on a radiant warmer will produce slow rewarming. In addition
to rewarming, hypoglycemia should be corrected. The infant may benefit from
a normal saline bolus (10 to 20 mL/kg), supplemental oxygen, and correction
of metabolic acidosis. These infants should not be fed and should be carefully
evaluated and treated for possible infection, bleeding, or injury.

Hyperthermia, defined as an elevated core body temperature (>37.5°C), may be
caused by a relatively hot environment, infection, dehydration, CNS dysfunction,
or medications. Although the issue of infection is of clinical concern, awareness
of environmental contributors such as phototherapy, incubators or warming
table settings, or proximity to sunlight should be considered. If environmental
temperature is the cause of hyperthermia, the trunk and extremities are of the
same temperature and the infant appears vasodilated. In contrast, infants with
sepsis are often vasoconstricted and the extremities are cooler than the trunk.
Dehydration fever is seen in hot climates, especially if feeding is not established,
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it is characterized by excessive weight loss and hypernatremia. Management
includes frequent breast feeds/expressed breast milk/formula milk and removing
excess layers of clothing. Ensure the baby does not have infection.

E. Induced hypothermia. In recent years, there is experimental and clinical evi-
dence that induction of controlled hypothermia can reduce neuronal loss and
subsequent brain injury after a hypoxic-ischemic insult. It is a time-sensitive
therapy and needs to be instituted within the first 6 hours after birth to be most
effective. Passive cooling in the delivery room and during stabilization, followed
by transfer to a center that performs the treatment, should be considered when
there is a history of an acute perinatal event (nonreassuring fetal heart tracings,
cord prolapse, placental abruption), pH <7.0/base deficit 216 on cord gas or gas
obtained within 1 hour of life, 10-minute Apgar score <5, or assisted ventilation
initiated at birth and continued for at least 10 minutes. Target temperature range
is 33°C to 34°C. Core temperature (typically measured rectally at the referring
hospital and on transport) should be monitored every 15 minutes (see Chapter 55).

MECHANISMS OF HEAT LOSS

A. Radiation. Heat dissipates from the infant to a colder object in the environment.

B. Convection. Heat is lost from the skin to moving air. The amount lost depends
on air speed and temperature.

C. Evaporation. Heat is lost through conversion of water to gas. The amount of
loss depends primarily on air velocity and relative humidity. Wet infants in the
delivery room are especially susceptible to evaporative heat loss.

D. Conduction. Heat is lost due to transfer of heat from the infant to the surface
on which he or she lies.

NEUTRAL THERMAL ENVIRONMENTS minimize heat loss. Thermoneutral condi-
tions exist when heat production (measured by oxygen consumption) is minimal and
core temperature is within the normal range.

MANAGEMENT TO PREVENT HEAT LOSS

A. Healthy term infant

1. Standard thermal care guidelines include maintaining the delivery room
temperature at 72°F (American Academy of Pediatrics [AAP])/25°C (World
Health Organization [WHO]), immediately drying the infant (especially
the head), removing wet blankets, and wrapping the newborn in prewarmed
blankets. It is also important to prewarm contact surfaces and minimize drafts.
A cap is useful in preventing significant heat loss through the scalp.

2. Examination in the delivery room should be performed with the infant by
the mother’s side. Examination under a radiant warmer with a skin probe
attached to the right hypochondrium in servocontrol mode to maintain skin
temperature at 36.5°C (97.7°F) should be used for prolonged examinations.
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3. Skin-to-skin care during the first 1 to 2 hours of life offers a practical and

effective approach to achieving a neutral thermal environment. This method
has the added benefit of promoting early breastfeeding.

Warm chain

ek

Set of ten interlinked steps.
1. Warm delivery room —25 to 28°C with no draughts
. Warm resuscitation
Immediate drying with warm linen
Skin-to-skin contact
. Breast feeding
. Postpone bath
. Appropriate clothing and bedding
. Rooming in — mother and baby together
Warm transportation
. Training of health personnel and awareness raising

SV ®NAV AN

B. Premature infant
1. Standard thermal care guidelines should be followed.

2. Additionalinterventionsimmediatelyafter birth can optimize thermoregulation.

Thermal care bundles include room temperature, plastic wrap, and prewarmed
warmer.

a. Barriers to prevent heat loss should be used in extremely premature infants.
Very preterm infants should be placed in a polyethylene bag immediately
after birth, without drying. Plastic wraps and plastic caps are also effective
in infants born at <32 weeks.

b. A radiant warmer should be used during resuscitation and stabilization. A
heated incubator should be used for transport.

c. Combination of interventions such as plastic wraps as well as external heat
sources such as transwarmer mattresses have demonstrated a reduction in
the risk of hypothermia in extremely preterm neonates (<28 weeks).

d. Whenever positive-pressure ventilation is required, the use of heated hu-
midified gases may be optimal.

. In the neonatal intensive care unit (NICU), infants require a thermoneutral

environment to minimize energy expenditure and optimize growth; skin mode
or servocontrol can be set so that the incubator’s internal thermostat responds
to changes in the infant’s skin temperature to ensure a normal temperature de-
spite any environmental fluctuation. Once the baby is discharged from NICU,
parents can assess the baby’s temperature by touching the baby’s abdomen and
feet with dorsum of their hand, both should feel warm. Cold feet indicate
that the environment is cold; the baby should be wrapped, and reassessed in
30 minutes. If a skin probe cannot be used, the incubator may be used in air
mode for short periods.

. Humidification of incubators has been shown to reduce evaporative heat loss

and decrease insensible water loss, typically used for patients <1,200 g or 30 to
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32 weeks’ gestation for the first 10 to 14 days after birth. Risks and concerns
for possible bacterial contamination have been addressed in current incubator
designs which include heating devices that elevate the water temperature to
a level that destroys most organisms. Notably, the water transforms into a
gaseous vapor and not a mist, thus eliminating the airborne water droplet as
a medium for infection.

5. Servocontrolled open warmer beds may be used for very sick infants when ac-
cess is important. The use of a tent made of plastic wrap or barrier creams such
as Aquaphor (sunflower seed oil or coconut oil in resource-limited settings)
prevents both convection heat loss and insensible water loss (see Chapter 23).
Due to potential infectious risk, these creams and oils should be used sparingly
and not for longer than 72 hours after birth.

6. Incubators are designed to decrease all four forms of heat loss, namely, evapora-
tion, conduction, radiation, and convection. Double-walled incubators further
decrease heat loss primarily due to radiation and, to a lesser degree, conduction.

7. Current technology includes hybrid devices such as the Versalet Incuwarmer
(Hill-Rom Air-Shields, Batesville, IN) and the Giraffe OmniBed (Ohmeda
Medical, Madison, WI). They offer the features of both a traditional radiant
warmer bed and an incubator in a single device. This allows for the seamless
conversion between modes, which minimizes thermal stress and allows for
ready access to the infant for routine and emergency procedures.

8. Premature infants in a relatively stable condition can be dressed in clothes
and caps and covered with a blanket. This intervention offers a broader range
of safe environmental temperatures. Heart rate and respiration should be
continuously monitored because the clothing may limit observation. Stable
preterm infants can be kept warm by the use of kangaroo care (KC) and newer
innovations such as phase change material used as a cocoon warmer. In KC,
the preterm baby is placed in skin-to-skin contact on the chest of the mother,
father, or caretaker. KC has been associated with a significant decrease in hy-
pothermia in preterm neonates.

9. Phase change material (cocoon warmer) has been shown to keep babies warm
in between KC sessions. This allows stable preterm babies to be nursed with-
out radiant warmer/incubator.

VI. HAZARDS OF TEMPERATURE CONTROL METHODS

A. Hyperthermia. A servocontrolled warmer can generate excess heat, which can
cause severe hyperthermia if the probe becomes detached from the infant’s skin.
Temperature alarms are subject to mechanical failure.

B. Undetected infections. Servocontrol of temperature may mask the hypothermia,
hyperthermia, or temperature instability associated with infection. A record of
both environmental and core temperatures, along with observation for other signs
of sepsis, will help detect infections.

C. Volume depletion. Radiant warmers can cause increased insensible water loss.
Body weight, urine output, and fluid balance should be closely monitored in
infants cared for on radiant warmers.
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Follow-Up Care of Very
Preterm and Very Low-Birth-
Weight Infants

Jane E. Stewart, Jenisha Jain, Frank Hernandez, and
_ Andrea F. Duncan

KEY POINTS

Very preterm (VPT) babies are at a high risk of medical and surgical morbidities,
that need care even after discharge from hospital.

VPT babies are at a high risk of neurodevelopmental and neurosensory impair-
ments, these may become evident only in infancy or childhood.

VPT babies have an increased risk for learning disabilities and attention problems
requiring special educational services.

VPT babies have an increased risk of abnormal visual and auditory function and
require early screening in NICU and evaluations after discharge, in the first years of life.
Follow up (FU) is the process of structured surveillance of medical, surgical, and
developmental health from birth to childhood.

Start the process of FU early, at birth (of an at-risk baby) itself.

Early diagnosis and intervention, starting in NICU and continuing after discharge,
will mitigate disability.

A check-list that integrates development supportive care with medical (intensive) care
ensures best compliance and development outcomes (common document, blue book).
Ensure continuum of care after discharge: Use a predischarge checklist to ensure
good continuum of care from NICU to home.

FU till school: Continue FU of a VPT baby till (at least) the child enters school (6 years
of age).

Risk stratification: The intensity of FU must be based on the anticipated risk.

Best tools for development assessment are based on the availability of expertise
and anticipated risk (risk stratification).

Timely referral and early specific intervention can minimize childhood disability.

INTRODUCTION. VPT babies (defined as <32 weeks™ gestational age) account for
majority of admissions to current day NICU, although they are only 2% of all
births. They have special medical and development needs; they are at a higher risk of
medical morbidities and development deviation. Advances in obstetric and neonatal
care have resulted in survival of more than 95% of VPT babies. This vulnerable
population saved after weeks of intensive care is at an increased risk for long-term
complications including neurodevelopmental sequelae, such as cognitive delay, ce-
rebral palsy, motor coordination problems, learning disabilities, visual impairments,
hearing problems, and medical problems, such as respiratory, cardiovascular, and
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growth issues. The more preterm an infant, the greater the risk of such difficulties.
It is thus critical that these children have structured, long-term follow-up (FU) care.
Both parents and medical teams desire that a VPT baby survives without disabil-
ity. The term “follow-up” encompasses structured surveillance of medical and devel-
opmental health. The ultimate purpose is early intervention to minimize childhood
disability and morbidities. The process starts from birth of the baby and continues
till at least 6 years of age (school entry).
Early Interventions in NICU
In a recent systematic review, early interventions in NICU were evaluated under

four heads

m Parent delivered motor intervention program (PDMI) - they were most effective.
Daily PDMI were associated with improved motor and cognitive outcomes in
short-term; some benefits were demonstrable even on long-term follow up.

m Therapist delivered posture control interventions (TPDCI) - short-term im-
provement in motor outcomes and infant behavior were noted.

® Developmental care - short-term improvement noted in infant behavior, no
improvement in motor and cognitive outcomes.

= Oral motor interventions - no evidence for improvement in development outcomes.

In a randomized controlled trial from India, early stimulation therapy was associ-
ated with better development outcomes (Bayley Scale of Infant Development, BSID
scores), the infants were followed till adulthood and the benefits lasted.
Follow up of VPT babies check list

In a public -private partnership quality initiative, Kerala Institute of Medical
Sciences and Child development Centre, Trivandrum, India, have evolved a checklist
for follow up of VPT babies called the “blue book”, this is being followed in more
than 200 NICUs of India. This model has evolved over the last 15 years into an easy-
to-use guide for the medical team and the family of an NICU baby.

We will discuss the checklist of structured FU of a VPT baby from birth to
6 years. The blue book is organized as a diary from birth to 6 years. It starts at birth
and takes the team through to 6 years.

= Page 1: Information

o Education and occupation of parents. It is well established that cognitive out-
comes are associated with parents’ (especially maternal) education.

O Family support. List the members available for immediate care and care after
discharge to home. They must be included in the education program. Language
development, behavior, and cognitive outcomes improve if good family support
is available.

o Obstetrician/referring pediatrician. Ensure two-way communication with the
physician who cared for the baby before he/she was managed by your team. This
will ensure complete medical information.

O Primary care physician after discharge. Often babies managed in a tertiary NICU go
back to the community and continue care with their primary care (family) physi-
cian. The NICU team must give a referral note and call the family doctor to ensure
seamless transfer. This ensures compliance to FU for development/medical care.

O Address and contact details (phone numbers/email) of the family members
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m Page 2: Birth details
o Gestation
0 Birth weight (BW)
o Gender
o Place of birth
0 Date and time of birth

o Expected date of birth. This allows both parents and physicians to calculate the
age corrected for prematurity on development FUj this is necessary to avoid
overestimation of age and incorrect diagnosis of development delay.

Page 3: List antenatal and neonatal risk factors
o List all antenatal problems, with relevance to development.

0 Neuroprotective factors such as antenatal steroids, magnesium sulfate, and treat-
ment for twin to twin transfusion syndrome (T'TTS) must also be documented.

o List the neonatal morbidities and major interventions during NICU stay else
these details will be forgotten and valuable information will be lost.

Page 4: Risk stratification based on perinatal risk factors. The risk factors that may
affect development are arranged in ascending severity (Table 16.1). The model is
intuitive and reasonably predictive. The table helps in documenting all risk factors
in real time and planning the intensity of FU. In a study from India, the risk
stratification model was able to identify 12% of VPT babies to be at a higher risk
(risk of disability 18%) and assign 88% to a lower risk (risk of disability 4.5%).
This allows better management of resources and reduces burden of repeated visits
to the family, in as many as 88% of babies; the low-risk babies may be followed
up in the community and referred to early intervention services, only if necessary.
The model is only illustrative, and can be customized to the needs of any NICU.

Page 5: Growth chart

o Growth monitoring. Serially plot the weight, length, and occipitofrontal circum-
ference (OFC) weekly from birth to term age on a growth chart for preterm ba-
bies (Fenton/Intergrowth 21). A dropping OFC or rapidly increasing OFC must
be investigated. Poor weight gain may prompt investigation and is a predictor of
severe retinopathy of prematurity (ROP).

Page 6: In-NICU checklist

0 This checklist integrates development supportive care and development screen-
ing routines and medical (intensive) care.

0 Always encourage the mother to express breast milk.
0 Record risk factors on a real-time basis from birth to discharge from NICU.
0 Day 1

o Introduce benefits of early parent participation (EPP) program.

o Neonatal services that included parents early in NICU and continued their
participation through to home have shown benefits on development out-
comes, both cognitive and motor. The most proven ones are kangaroo care
(KC), mother-infant transaction program (MITP), and infant health develop-
ment program (IHDP). We have a modular program called the early parent
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participation program (EPPP) that is organized as training modules, these are
introduced at appropriate times of NICU stay (listed as page 7 of blue book).

o Promote breast milk feeding.
O Record antenatal and birth risk factors.
o Plot BW.
o Days 3-7
o Record OFC.
o First thyroid function test (newborn screen for metabolic diseases)
o Ensure good infant position (Infant Positioning Assessment Tool).

0 Encourage parents to touch and talk to the baby. Train them in orogastric
feeding, diaper change, taking weight of the baby, massage, and giving nutri-
ent supplements. (We have modules for parent education.)

o Days 7-14

o Neurosonogram

o Repeat thyroid function test

o Serial record of OFC

o Kangaroo care (KC) and non-nutritive sucking (NNS)

o Human milk fortifier (HMF) and other nutrient supplements
O Weeks 3—-4

o ROP screening

o Early intervention (massage and passive movements)

o Serially record OFC.

o Start iron.

o Lab tests—hemoglobin, phosphorus, and alkaline phosphatase
o Weeks 5-8

o ROP FU

O Assess neurobehavior.

0 Vaccination
o Post menstrual age (PMA) 36-40 weeks

o Repeat neurosonogram.

o Hammersmith Neonatal Neurological Examination (HNNE)

m Page 7: Health education sessions for parents by development FU team

o Hand hygiene and NICU routines
0 Breast milk (importance, expression, storage, paladai, and orogastric feeding)
o ROP screening and refraction (on FU)

0 Hearing screening including otoacoustic emission (OAE), brainstem evoked
response audiometry (BERA [language milestones later])

O Need for periodic assessment of development till at least 6 years of age
O Daily care issues (bathing, skin care)
o Danger signs and basic life support

O Managing stress and introduce them to NICU parent support groups
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m Page 8: List medications (calcium phosphate, iron, HME and any others such as antie-
pileptic drugs [AED] and thyroxine)—when to start and stop, and the dosing schedule.
m Page 9 Test reports - labs and imaging
o Reports of blood tests tabulated (thyroid function, hemoglobin, phosphorus,
alkaline phosphatase, ferritin)
o Reports of neuroimaging tabulated (7 to 14 days, 36 to 40 weeks)
m Page 10. Examination before discharge
o Neuroexamination before discharge: HNNE at 36 to 40 weeks (before discharge)

o Physical examination checklist—new murmur, oral thrush, hemangioma, her-
nia, skin injuries, genitalia, dysmorphism, markers of intrauterine infection, etc.

m Page 11: Predischarge checklist (tick each bullet carefully after verification)

0 Active medical problems at discharge (e.g., on AED, oxygen). Emergency card
must be issued - if the child has risk of seizures, severe hypoxia, aspiration due
to neurologic handicap, cyanotic spells, or other serious health conditions. This
may help a family doctor/emergency room doctor to quickly and safely address
the needs of the infant with complex health issues.

o Growth (OFC and weight) tracking/not

o ROP findings of last examination and FU appointment scheduled

o BERA—give appointment for the test before the baby is 3 months old.

o Summary of neurosonogram/other neuroimaging findings, FU dates scheduled.

0 Summary of lab tests and FU scheduled

0 Immunizations given and FU date scheduled

0 Nutritional supplements doses checked and plan explained

o Physical examination

o Neurologic examination

m After discharge from NICU

0 Page 12: Vision assessment

o ROP screening form—findings, intervention given (laser/anti—vascular endo-
thelial growth factor [VEGF]), and FU appointment

o Annual assessment of refraction starting from 6 to 9 months of age
o Exclude squint at each visit.

0 Page 13: Hearing screening
o OAE
o BERA or automated auditory brainstem response (AABR)
o Language milestones

0 Page 14-19: One page each for Development assessment at 4, 8, 12, 18, and 24
months of corrected age, and then annually till 6 years of age. Each page lists the
age appropriate plan for development assessment and medical care. The choice
of tool for development assessment and neuroexamination depends on expertise
available and also the anticipated risk of disability.

The choice of tool for development assessment and and neuroexamination de-
pends on the available expertise and anticipated risk.
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® General Movement Assessment, Hammersmith Infant Neurological Examination
(HINE), the Child Development Center Grading (Trivandrum) for detection of
motor disorders (cerebral palsy, motor coordination disorder)

® Bayley Scale of Infant Development (BSID) for multidomain development evalu-
ation for babies stratified as severe risk (Table 16.1). This test requires expertise in
interpretation and requires about 1 hour time to complete.

Table 16.1. Risk Stratification Model (KIMS—Child Development Center) for
Development Outcomes

Mild Moderate Severe Risk
Gestation (in 33-34 30-32 <30
weeks)
Birth weight (g) >1,500 1,250-1,500 <1,250

Fetal growth
restriction

>10th centile

3rd to 10th centile

<3rd centile

Antenatal risk

Medical/obstetric
complications
not as severe
as columns to
right

Abnormal NST/
BPP
Maternal fever
DC twins
Preterm labor

Eclampsia (seizures)

MC twins, triplets or
higher order, cord
prolapse, chorioam-
nionitis, abruptio
placentae

Absent/reversal of
umbilical artery
Dopplers

Antenatal steroids

Completed

Partial

Not given

Magnesium sulfate
(<32 weeks)

Given

Need for resuscita-

No resuscitation

Chest compression/

tion at birth required/initial medications
steps/PPV
Ventilation Noninvasive/short | Pneumothorax, lon- | BPD
ventilation ger than 7 days
of ventilation
Shock Nil Saline bolus Inotropes/hemody-
namic significant
PDA closure
Hypoglycemia No Asymptomatic Symptomatic
Encephalopathy Seizures Discharged on AED/
encephalopathy >24
hours
NEC Stage 2 or more

(continued)
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Table 16.1. Risk Stratification Model (KIMS—Child Development Center) for
Development Outcomes (continued)

Mild Moderate Severe Risk

Neonatal jaundice Exchange transfusion/
encephalopathy

Neurosonogram Grade 3 IVH/paren-
chymal bleed
PVL 2 or more

Mark risk factors on the chart on a weekly basis (ideally mark the risk factor, as it occurs). The highest
risk in any row is used to classify the baby’s risk; even one factor marked in severe column indicates a
high risk of development problems.

AED, antiepileptic drugs; BPP, biophysical profile; BPD, bronchopulmonary dysplasia; DC, dichori-
onic; IVH, intraventricular hemorrhage; KIMS, Kerala Institute of Medical Sciences; MC, monochori-
onic; NEC, necrotizing enterocolitis; NST, nonstress test; PDA, patent ductus arteriosus; PPV, positive
pressure ventilation; PVL, periventricular leukomalacia.

® Denver Development Screening Tool (DDST, Denver II) is not an ideal tool for
screening high risk preterm babies. DDST has benefits that it takes only 15 min-
utes to complete and can be performed even by a pediatrician, with little training.
Infants at a lower risk are assessed by DDST; if an infant shows deviation on the
screening tool, we do a formal assessment with BSID.

® Beyond infancy, we use modified checklist for autism in toddlers (M-CHAT) tool
for autism screening, Child Behavior Checklist (CBCL) for behavior assessment,
and Vineland Social Maturity Scale (VSMS) for social adaptation.

m Special focus on language and communication assessment (Language Evaluation
Scale, Trivandrum [LEST]). LEST allows assessment of children from age 0 to 6 years.
Early language interventions are associated with better communication outcomes.

Il. MEDICAL CARE ISSUES

A. Respiratory issues (see Chapter 34). VPT infants are at a high risk for respiratory
ailments, especially during the first year.

Wheezing following minor infections is common and some have recurrent/
chronic wheezing requiring preventors for asthma.

Admissions during the first year of life are most commonly for respiratory
illness among VPT and very low-birth-weight (VLBW) infants.

Approximately 23% of VLBW infants and 40% of extremely low-birth-weight
(ELBW; BW <1,000 g) infants develop bronchopulmonary dysplasia (BPD).
VPT infants with BPD are at risk of pulmonary hypertension and should have
an ECHO on follow up. They are at risk of growth failure and development
delay. Infants with significant BPD may be discharged home on supplemental
oxygen, bronchodilator, steroid, and/or diuretic therapy. Some infants discharged
home from the NICU on supplementary oxygen may be weaned off within the
first few months following discharge, whereas others may remain on oxygen for
years. Infants on home oxygen are at a higher risk of death, acute exacerbations
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of hypoxia with minor illness or agitation. Infants with the severest form of BPD
may require treatment with tracheostomy and long-term ventilator support.

Children born VPT who do not develop BPD are also at an increased risk of
frequent respiratory illnesses. Rehospitalization, emergency room, and outpatient
visits are common. VLBW infants are four times more likely to be rehospitalized
during the first year; viral (respiratory syncytial virus [RSV]) and bacterial infec-
tions are common. RSV is an important cause of respiratory infection in prema-
ture infants, particularly in those with chronic lung disease. To minimize illness
caused by RSV, VLBW infants should receive prophylactic treatment with paliv-
izumab (Synagis) monoclonal antibody. This is too expensive and not available
in most units in Asia. The American Academy of Pediatrics (AAP) recommends
treatment during RSV season for at least the first year of life for infants born <28
weeks’ gestation and for at least the first 6 months of life for those born between
28 and 32 weeks gestation. To prevent illness caused by respiratory viruses,
families should be counseled regarding good hand hygiene by all those in close
contact with infants, avoidance of exposure to others with respiratory infections
(especially young children during the winter season), and avoidance of passive
cigarette smoke exposure. The influenza vaccine is also recommended for VLBW
infants once they are older than 6 months; until then, care providers in close
contact with the infant should strongly consider receiving the influenza vaccine.
The COVID-19 pandemic has placed preterm babies in hospitals and homes at
risk of infection from NICU staff and family members alike. Symptomatic infec-
tions seem to be less common among newborns, despite the fact that they cannot
protect themselves by wearing a mask.

Air travel is not recommended for infants with BPD because of the increased
risk of exposure to infection and because of the lowered cabin pressure resulting
in lower oxygen content in the cabin air. If an infants PaO, is <80 mm Hg,
supplemental oxygen will be needed while flying.

B. Immunizations. VPT infants should receive their immunizations according to
the same schedule as term infants, with the exception of hepatitis B vaccine.
Medically stable, thriving infants should receive the hepatitis B vaccine as early
as 30 days of age regardless of gestational age or BW. If the baby is ready for
discharge to home before 30 days of age, it can be given at the time of discharge
to home. Many of the extreme preterm babies will be 8 weeks old in the NICU
itself; they must be vaccinated while in the NICU itself. There is a risk of apnea
following vaccines (apnea risk seems to be higher following DTwP than after
DTaP). Pneumococcal conjugate vaccines (PCV) are expensive and not yet sup-
plied universally by the government. Parents of preterm babies must be encour-
aged to take PCV. Although studies evaluating the long-term immune response
to immunizations have shown antibody titers to be lower in preterm infants, most
achieve titers in the therapeutic range.

In a systematic review, BCG vaccine given to preterm babies was found to
be safe and effective even if given within 7 days of life; in this review, babies as
small as 700 g BW and 27 weeks gestation were included. The systematic review
found similar rates of scar formation and tuberculin skin test positivity rates as in
babies vaccinated later; lymphadenitis and mortality rates were similar. A study
from India showed OPV vaccine to have modest efficacy when given at 34 to
35 weeks’ gestation.
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C. Growth and nutrition. VLBW infants have a high incidence of feeding and
growth problems for multiple reasons. Infants with severe BPD have increased
protein and calorie needs. Many of these infants also have abnormal or delayed
oral motor development and have oral aversion because of negative oral stimula-
tion during their early life. Fenton’s growth chart and Intergrowth 21 charts are
specific to preterm babies. Growth should be followed carefully on standardized
growth curves (the World Health Organization [WHO] International Growth
Curves 20006) after term age, using the child’s age corrected for prematurity for the
first 2 years of life and then using the Centers for Disease Control and Prevention
(CDC) standardized curves. Supplemental caloric density is commonly required
to optimize growth. Specialized preterm infant formulas or multicomponent
HMF with increased protein, calcium, and phosphate (either added to human
milk or used alone) should be considered for VPT infants. ELBW infants may
demonstrate growth that is close to or below the fifth percentile. However, if
their growth runs parallel to the normal curve, they are demonstrating a healthy
growth pattern. Infants whose growth curve plateaus or whose growth trajectory
falls off warrant further evaluation. Monitoring for excessive weight gain is also
recommended. There is some evidence that links rapid weight gain of low-birth-
weight (LBW) infants to excess accretion of adipose and subsequent risks of adult
obesity and associated morbidities.

Gastrostomy tube placement may be necessary in a small subset of VPT with
potential neurodevelopment disability. Long-term feeding problems are frequent
in this population of children, and they often require specialized feeding and oral
motor therapy to ultimately wean from gastrostomy tube feedings.

Specific nutritional issues

1. Anemia. VLBW infants are at risk for iron deficiency anemia and should
receive supplemental iron for the first 12 to 15 months of life, starting at least

by 4 weeks of age.

2. Rickets. VLBW infants are at risk of nutritional deficits of calcium, phospho-
rous, or vitamin D and resulting rickets. Infants at highest risk are those treated
with long-term parenteral nutrition and furosemide. Infants with rickets diag-
nosed in the NICU may need continued supplementation of calcium, phospho-
rous, and vitamin D during the first year of life.

D. Sensory issues that need special FU include vision and hearing.

1. Ophthalmologic FU (see Chapter 67). Infants with severe ROP are at an
increased risk of significant vision loss or blindness in the setting of retinal
detachment. The risk of severe ROP is highest in the ELBW population in
whom the incidence of blindness is 2% to 9%. Infants who have required
treatment with laser therapy or bevacizumab (Avastin) warrant extended
monitoring for a few months to ensure that the infant’s retina becomes fully
vascularized without complications.

In addition to ROP, other ophthalmologic conditions seen in NICU grad-
uates include the following:

a. Refractive errors are more frequent in premature than in term infants.
Myopia is the most common problem and may be severe. Hyperopia also
occurs more commonly in premature infants. Vision may need correction
with specs.



218 | FOLLOW-UP CAREOF VERY PRETERM AND VERY LOW-BIRTH-WEIGHT INFANTS

b. Amblyopia (reduced vision caused by lack of use of one eye during the
critical age for visual development) is more frequent in premature infants,
amblyopia may result from severe strabismus, anisometropia, or high re-
fractive error. Permanent loss of vision may happen, due to amblyopia, if
these problems are not corrected within 6 to 10 years age.

c. Strabismus, or misalignment of the eyes, is more common in premature
infants, especially in those with a history of ROD, intracranial hemorrhage,
or white matter injury. Strabismus may be treated with eye patching, atro-

pine drops, corrective lenses, or surgery.

.

d. Anisometropia, defined as a substantial difference in refractive error be-
tween the two eyes, occurs more often in premature than in term infants.
Because the eyes cannot accommodate (focus) separately, the eye with the
higher refractive error can develop amblyopia. Treatment for anisometropia
is vision correction with eyeglasses.

In patients who have had severe ROP including those treated with laser
therapy, there is an increased risk of cataracts, glaucoma, late retinal detach-
ment, abnormal color vision development, and visual field deficits. Infants
who have received intravitreal bevacizumab (Avastin) treatment are known
to have delayed maturation of their retinal vessels. Potential long-term out-
comes of this treatment are still unknown and are currently being studied.

All VLBW infants should have FU with an ophthalmologist who
has experience with ophthalmologic problems related to prematurity.
Assessments should occur by 6 to 9 months of age and then annually.
Cortical visual impairment (CVI) can further impair visual function; it is
challenging to make a diagnosis and correct this impairment.

2. Hearing and language. Hearing loss occurs in approximately 2% to 11% of
VLBW infants. Prematurity increases the risk of both sensorineural and conduc-
tive hearing loss. All VLBW infants should be screened both in the neonatal pe-
riod and again before 1 year of age (earlier if parental concerns are noted or if the
infant has additional risk factors for hearing loss) (see Chapter 68). There is also
evidence that VLBW infants are at an increased risk for auditory dyssynchrony
(also called auditory neuropathy) and central auditory processing problems. Early
language intervention programs help toddlers to improve communication gaps.

E. Neuromotor problems. The incidence of cerebral palsy is 7% to 12% in VLBW
infants and 11% to 15% in ELBW infants. The most common type of cerebral
palsy is spastic diplegia. This correlates with the anatomic location of the corti-
cospinal tracts in the periventricular white matter. VLBW infants are also at risk
for other types of abnormal motor development including motor coordination
problems and later problems with motor planning.

Early diagnosis of motor problems must be followed up with referral to a pe-
diatric neurologist and orthopedic surgeon. Both transient and long-term motor
problems in infants require assessment and treatment by physiotherapists and
occupational therapists.

Some infants with cerebral palsy are candidates for treatment with orthotics
or other adaptive equipment. Children with hemiparesis may be candidates
for constraint therapy. Children with significant spasticity are candidates for
treatment with botulinum A toxin (Botox) injections. In the case of severe
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spasticity, treatment with baclofen (oral or through an intrathecal catheter with
a subcutaneous pump) may be helpful. Older children are candidates for surgical
procedures. Hippotherapy (horseback riding therapy) and aquatherapy are also
beneficial for young patients with cerebral palsy.

. Cognitive impairment. Risk of cognitive disability in preterm infants is associ-
ated with degree of prematurity, presence of cerebral injury on neuroimaging, low
parental education, and socioeconomic status. Progress is typically assessed by de-
velopment quotient (DQ) assessed by Bayley Scales of Infant Development or the
Mullen Scales of Early Learning. Additional instruments are available but their
psychometric properties may not be as robust. Scales with excellent psychometric
properties such as the Stanford -Binet Intelligence Scales for Early Childhood
(fifth edition) can be used in older children.

VPT infants tend to have scores somewhat lower on such scales than term in-
fants, but many still fall within the normal range. The percentage of infants with
scores >2 standard deviations below the mean is between 5% and 20% for VLBW
infants and between 14% and 40% for ELBW infants. Most studies report the
status of children younger than 2 years. Among older children, the percentage with
school failure or school problems is as high as 50%. When children were tested
at ages 8 to 11 years, learning disabilities particularly related to visual spatial and
visual motor abilities, written output, and verbal functioning were more common
in ELBW infants (even without neurologic problems) compared to term infants
of similar sociodemographic status. There is also increasing evidence that VLBW
schoolchildren have significant difficulties with simultaneous processing when
compared to term children, thereby having an impact on visual motor integration
and logical reasoning. More than 50% of ELBW infants require some type of
special education assistance compared to <15% of healthy term infants. Studies of
teen and adult survivors born preterm are limited but some of the studies report
lower rates of educational achievement, lower income, and higher level of unem-
ployment. However, a report of ELBW infants assessed in the teenage years with
measures of self-esteem noted that they do not differ from term controls. Likewise,
studies assessing VLBW teen and young adults in their perception of their quality
of life report positive values comparable to term controls. Further longitudinal
FU of these children into early adulthood and assessing quality of life measures in
addition to the incidence of neurodevelopmental disability is essential.

. Social and communication development difficulties are also increasingly a
concern in the population of preterm infants. Several recent studies have noted
prematurity as a risk factor for autism and have noted that in prospective stud-
ies of preterm infants at the toddler age, they are more likely to screen positive
for autism spectrum disorders (ASD). Neuroimaging techniques, diagnostic
instruments, and biologic markers geared to accurately assess ASD at the earliest
possible age have been developed. Psychometric instruments such as the Autism
Diagnostic Observation Schedule (ADOS) and early electroencephalographic
signatures promise better sensitivity and specificity than previously available.
During school-aged years, these children and their parents report more social
difficulties with their peers, with risk being higher in children with cognitive and
behavioral development problems.
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H. Emotional and behavioral health

1. Sleep. Preterm infants have a higher rate of sleep problems compared to
those born at term. The cause is frequently multifactorial with medical and
behavioral components. Smaller preterm infants may have the lightest sleep
related to their brain immaturity, and their potential exposure in the NICU
to an environment with light and noise that is not conducive to appropriate
sleep—wake cycle routines.

2. Behavior. VLBW children are at an increased risk for behavior problems like
hyperactivity and/or attention deficit. Recent research findings indicate that
parenchymal lesions/ventricular enlargement during the neonatal period pre-
dict attentional difficulties without hyperactivity in these children, a finding
that is important for developing interventions. The risk factors for behavioral
problems also include stress within the family, maternal depression, financial
difficulties, and smoking. Behavior problems can contribute to school diffi-
culties. In relation to both school problems and other health issues, VLBW
children are seen as less socially competent than normal BW children. Formal
tools may be used to detect behavioral problems, especially if parents/teachers
express concern. The youngest children for whom such standardized scales are
available are 2 years old. Management depends on the nature of the problem
and the degree of functional disruption. Some problems may be managed
with special educational programs; others may involve referral to appropriate
psychology services. Screening of NICU mothers for postpartum depression
or post-traumatic stress disorder is also recommended; the incidence of
depressive symptoms in mothers who have delivered a premature infant is
higher and, when identified, provides an opportunity for intervention that
will enhance both maternal and child health. Many pediatric hospitals have
behavioral medicine specialists who focus not only on the baby’s individual
needs but also on the impact that a new preterm baby can have on each of the
family members.

3. Mental health. VLBW children tend to experience internalizing problems,
such as depression and anxiety, more often than term born babies.

I. Coordination of services. Infants with multiple disorders (motor, sensorineural
handicaps, behavioral) require coordination of clinical services and developmen-
tal programs. The nodal person (neonatologist or developmental pediatrician)
should organize the screening and timely referral to specialists. He then interprets
the expert opinion and ensures that the advice is implemented. For older chil-
dren, consultation with the schools and participation in an educational plan are
equally important. If available, referral to a structured FU and early intervention
service at the time of discharge from the NICU allows early identification of chil-
dren with development delay and referral for therapy to physiotherapist, occupa-
tional therapist, speech and language pathologist, and educational specialist as
appropriate. The Government of India has established district early intervention
centres (DEIC). Children with severe development problems may benefit from
advances in technology, for example, children with severe language delay will
benefit from referral to centers that use adaptive technology to enhance language
and communication. Caretakers will traditionally require significant assistance
not only in understanding the importance of specialized interventions but also
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in navigating the complex programs. Parents and caretakers may not be aware of
these factors, and this in turn could affect the delivery of crucial services at a most
important developmental critical period.

. Family/parent support. Having a premature infant is often an extremely stress-
ful experience for the parents. Support to families starts even before the preterm
baby is born, and continues through NICU care and even after discharge.

® Antenatal counseling. If preterm birth is expected, the neonatologist is in-
vited by the obstetrician. Together they discuss the care plan and the need for
preterm delivery. The neonatologist informs the family the expected survival
rates, risk of disability, hospital stay duration, and costs of care (most parents
in India pay out of pocket). This prepares the family for long in-hospital care.

First communication. Immediately after birth of the baby, the parents are
introduced to NICU routines, common medical terms, and therapeutics that
may be frequently used. Parents and family members are allowed unrestricted
visit to their baby.

Parent participation. Parents are encouraged to take part in care of the baby,
including feeding through orogastric tube, paladai, or direct breastfeed as ap-
propriate. They help in all routines such as diaper change, taking weight, and
comforting the baby by talking to the baby, caressing the baby, and KC.

Parents may experience fear when the baby is critically ill and may need support
of the extended family, psychologists, and religious leaders.

Physical and emotional exhaustion are compounded by financial burdens and
blame game resulting in marital conflicts. Counselors may be invited, if undue
emotional burnout is recognized.

m Parents may need guidance on insurance, source of special assistance such as
home oxygen, etc.

. Development specialists and services
Survival of neonates with complex health care issues has necessitated that the
neonatologist has optimal knowledge of development assessment tools, early in-
tervention and scope of departments that may help the child with special needs.
The NICUs must incorporate a developmental therapist, nurse, speech language
pathologist, and a developmental pediatrician as full time staff who are involved
in developmental care from start. All NICUs must have database of outcomes
of NICU babies for at least 1 year to start with and target follow up till school
age as the follow-up services become better. The national neonatology forum of
India has included follow-up services in their mandatory criteria for accreditation
of NICUs.

Research in neonatology has recognized the need to report development
outcomes at an age of at least 18 to 24 months for all therapeutic interventions
(example caffeine, steroids for BPD).

. Quality Improvement in follow up

As carly as 20006, evidence-based quality-of-care indicators for follow up of
VLBW babies were published. Seventy indicators were reported with the pur-
pose of guiding pediatricians and specialists in improving follow up of VLBW
babies. Most quality initiatives in neonatology stop at NICU discharge. A recent
project by the New England Follow-up Network showed a low rate for clinical
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follow-up (52%). It demonstrated many opportunities to improve post-discharge
follow-through specific to NICU-based care.

The California Perinatal Quality care collaborative undertook a web-based
high risk infant follow-up program. They identified high risk babies, and planned
early referral to specialists, if needed. The program resulted in dramatic im-
provement in timely referral to nearly 95%. The improvement was greatest from
NICUs with low or medium load of sick babies. This study demonstrates that it is
possible to identify babies at higher risk of disability, screen them periodically and
refer them for modifiable factors so that childhood disability may be minimized,
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I. INTRODUCTION. Regionalization of perinatal services necessitates that newborn ba-
bies requiring intensive care or specialty treatment be transported between facilities.
Most experts agree that whenever possible, it is preferable to safely and expeditiously
transfer the mother to a center with the necessary resources prior to delivery of a
high-risk newborn. Unfortunately, some infants requiring expert neonatal care are
not identified prior to birth, and others deliver too quickly to permit maternal trans-
fer. It is important that a system exists for timely referral, clear communication of
information, and recommendations. The transfer system provides access to specially
trained personnel who can support local staff to provide neonatal resuscitation and
stabilization before the transport team arrive. The latter then seamlessly take over
these responsibilities and tasks following a comprehensive patient handover.

It is vital to recognize that transport medicine is different to unit-based neonatal
practice. Fundamental differences include the following:

Impact of movement, noise, and vibration on patient stability

Limited space in the transfer vehicle

A.

B.

C. Lack of prior familiarity with the patient

D. Limited equipment

E. Frequent occurrence of high-stress scenarios
E

Requirement for consistently excellent communication, conflict resolution, and
teamwork skills
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Il. INDICATIONS

A.

=

o

Escalation of care (uplift). Interhospital transport should be considered if the
medical resources or personnel needed for specialized neonatal care are not avail-
able at the birth hospital. Because the birth of a high-risk infant cannot always be
predicted, all facilities providing maternity services should ensure that personnel
caring for infants at birth or in the immediate newborn period are proficient in
basic neonatal resuscitation and stabilization. If the ongoing clinical needs of the
infant cannot be met at the birth hospital, then uplift transfer should be arranged.
This may be in the context of a newborn with anticipated needs related to prema-
turity, birth weight, or known congenital abnormality. It may be in the context
of an unexpected scenario, e.g., undiagnosed congenital abnormality or perinatal
asphyxia. Transfer to the regional tertiary neonatal center should be expedited
following initial stabilization. Medical personnel from the referring center should
contact their affiliated neonatal intensive care unit (NICU) or regional transport
service to arrange transfer and to discuss a management plan to optimize the
patient’s condition before the transport team’s arrival.

Urgent escalation may also be in the context of a stable infant who develops
an unexpected complication, for example, necrotizing enterocolitis or septicemia.

Repatriation (step-down). After a period of intensive care, infants may need
transfer back to their birth hospital for ongoing management leading up to
discharge home. This allows easier visiting for parents as their child is closer to
home. The local clinical team will also become familiar with the patient should
he/she return to hospital either as an emergency or for follow-up.

Wait and return. Many infants who are still inpatients need transfer from local
to specialist hospital to access specialty clinics or investigations that may not be
available in the birth hospital. This may simply need a day visit but will involve
transfer both ways by a trained team.

Criteria for neonatal transfer depend on the capability of the referring hospital
as defined by the American Academy of Pediatrics (AAP) policy statement on
levels of neonatal care and as dictated by local and state public health regulations.
The AAP defines neonatal levels of care as shown in Table 17.1.

All hospitals with level 1 or 2 neonatal care services should have agreements
with regional perinatal centers outlining criteria for perinatal consultations and
neonatal transfer. Conditions that typically require transfer to a center that pro-
vides neonatal intensive care include the following:

1. Prematurity (<32 weeks’ gestation) and/or birth weight <1,500 g
2. Respiratory distress requiring continuous positive airway pressure (CPAP) or
high concentrations of oxygen (FiO, >0.6)

. Hypoxic respiratory failure requiring invasive mechanical ventilation

. Persistent pulmonary hypertension

. Congenital anomalies and/or inborn errors of metabolism

3
4
5. Congenital heart disease or cardiac arrhythmias
6
7. Hypoxic-ischemic encephalopathy

8

. Seizures
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Table 17.1. Levels of Neonatal Care

Level of Care Services
Level 1 (including Neonatal resuscitation at delivery
well newborn Postnatal care for stable term newborns
nurseries) Postnatal care for late preterm newborns who are physiologically
stable

Stabilization of the preterm or critically ill newborn prior to
transfer to a higher level of care

Level 2 (special care Level 1 capabilities plus:
nurseries) ® Care for newborns born >32 weeks or >1,500 g with physio-
logic immaturity or transient conditions related to prematurity

® Ongoing care of infants recovering from critical conditions

® Time-limited provision of mechanical ventilation or continu-
ous positive airway pressure

® Stabilization prior to transfer for any infant needing transfer to
a higher level of care

Level 3 (neonatal Level 2 capabilities plus:
intensive care ® Provision of life support and comprehensive neonatal intensive
units) care

® Care of extremely preterm infants

® Management of complex congenital abnormalities

® Subspecialty medical and surgical expert consultation
® Mechanical ventilation (all forms)

® Diagnostic imaging capabilities

Level 4* (regional Level 3 capabilities plus:
neonatal intensive m Specialized surgical capabilities for repair of congenital or
care units) acquired conditions, e.g., cardiac, neurosurgical, and ECMO
Highly specialized services
centers ®m Ciritical care transport services and outreach education

ECMO, extracorporeal membrane oxygenation.

Source: American Academy of Pediatrics Committee on Fetus and Newborn. Levels of neonatal care.
Pediatrics 2012;130:587-597, reprinted with permission.

*In India, the National Neonatology Forum of India has organized levels of care at three levels.

9. Other conditions that may be indications for neonatology consultation and/
or transfer.

o

. Severe hyperbilirubinemia that may require exchange transfusion
b. Infant of a diabetic mother with hypoglycemia or other complications
c. Severe intrauterine growth restriction

d. Birth weight between 1,500 and 2,000 g and gestational age between 32
and 36 weeks

e. Procedures or therapies unavailable at the referring hospital (echocardiog-
raphy [ECHO)], surgery, extracorporeal membrane oxygenation [ECMO],
etc.)
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Ill. ORGANIZATION OF TRANSPORT SERVICES

A.

=

The regional NICU transport team should have an appointed medical director.
The transport team should follow practice guidelines detailed in easily accessible
written protocols and procedures, which should be reviewed on a fixed basis. A
medical control physician, who may be the attending consultant neonatologist or
fellow, should supervise each individual patient transport. The medical control
physician should be readily available by telephone for consultation to assist in the
management of the infant during transport.

Transport teams. Qualified transport teams should be composed of individu-
als with pediatric/neonatal critical care experience and training in the needs of
infants and children during transport and who participate in the transport of
such patients with sufficient frequency to maintain their expertise. Such teams
typically consist of a combination of at least two or three trained personnel and
can include one or more of the following: neonatal nurse practitioners, critical
care nurses, respiratory therapists, paramedics, and physicians. Senior pediatric
residents and subspecialty fellows can participate in transports for those services
that include physician team members. The transport team’s skills and competen-
cies should be assessed, and procedural and situational training should be part of
routine ongoing education.

Types of transport teams

1. Unit-based transport teams consist of personnel (nurses, respiratory therapists,
neonatal nurse practitioners, etc.) who are involved in routine patient care in
the NICU and are deployed when a request for transport is received. If few
infants are transported to the NICU, this type of staffing may be most cost-ef-
fective; however, each team member has little opportunity to gain experience
or maintain skills specific to transport.

.

Dedicated transport teams are staffed separately from NICU personnel spe-
cifically for the purpose of transport of patients to and from the hospital or
between hospitals in the region. These personnel do not have patient assign-
ments, although they may assist NICU staff when they are not on transport.
A large volume of transports is necessary to justify a dedicated transport team,
which must consist of sufficient personnel for around-the-clock coverage.
This arrangement allows dedicated personnel to maintain specialized skills for
transport and facilitates rapid mobilization to transport requests.

High-volume services may benefit from having on-site ambulance person-
nel and vehicles for rapid dispatch.

Modes of transport include ambulance by road, rotor-wing (helicopter) aircraft,
and fixed-wing (airplane) aircraft. The type of vehicle operated depends on the
availability of resources, distance of transports anticipated, acuity of patients, and
geographic terrain to be covered by the vehicle. In India, most of the interhospital
transfer is by road; the air transfer that happens when long transfers are necessary
is also mostly on commercial passenger planes with customization. Most inter-
hospital transfer is done in India by ambulances that are common to all health
care emergencies (108); they are not currently dedicated to neonatal needs in
terms of equipment or personnel. The 102 ambulance is to be used for transfer
of pregnant women and children from home to health care facility and back, or
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between health care facilities. Many transfers are unfortunately still made by am-
bulances or personal vehicles not able to support sick patients. Some hospitals in
private sector have neonatal transport facilities and transport protocols in place.
The vehicles chosen must be outfitted to conform to standards that ensure safety
and efficiency of transport. The vehicles should be large enough to allow the
transport team to adequately assess and treat patients as needed en route to the
referral hospital and should be equipped with appropriate electrical power supply,
medical gases (with reserve capacity, in case of a breakdown), and communication
systems. All equipment and stretchers should be properly secured, and transport
team personnel should use appropriate passenger safety restraints.

Each mode of transport—ground, rotor-wing, and fixed-wing—has advan-
tages and disadvantages. Ground transport is used most commonly among
neonatal transport programs. Advantages include a larger workspace than air
ambulances, ability to accommodate multiple team members and passengers, and
the option to stop the vehicle to assess the patient or perform procedures. Rotor-
wing transport has the advantage of a rapid response with hospital-to-hospital
service for patients up to a distance of ~100 to 150 miles or less each way, al-
though a rotor-wing service is more expensive to operate, has limitations with
regard to weather and weight, and has inherently more safety considerations.
Fixed-wing transport is advisable for transport of patients over greater distances
(over ~150 miles each way), is moderately expensive to operate, and requires
an airport to land and an ambulance at either end of the flight to transport the
patient between the airport and the hospital. Fixed-wing aircraft have fewer re-
strictions for weather than do helicopters.

Equipment. The team should carry with them all equipment, medications, and
other supplies that might be needed to stabilize an infant at a referring hospital.
Teams should use checklists prior to departure to ensure that vital supplies and
equipment are not forgotten. Units must prepare packs or other containers
should be stocked by members of the transport team, to find required items
promptly. The weight of the stocked packs should be documented for air trans-
port (Tables 17.2 to 17.4).

All equipments should be subjected to a daily check of stock levels and func-
tionality to minimize adverse events on transport.

Legal issues. The process of neonatal transport may raise legal issues, which vary
among states. Transport teams should periodically review all routine procedures
and documentation forms with their hospital legal counsel to ensure compliance
with changing laws that govern the transport of infants and accompanying family
members (if present). The team should have the ability to contact via telephone ap-
propriate hospital legal counsel as needed. Professionals undertaking transport work
should be appropriately indemnified and covered under a suitable accident policy.

Quality assurance and performance improvement activities should be per-
formed routinely using established benchmarks whenever possible.

Malpractice insurance coverage is required for all team members. The tertiary
hospital should decide whether transport is considered as an off-site or extended
on-site activity because this can affect the necessary coverage.
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Table 17.2. Neonatal Transport Team Equipment

Transport incubator equipped with neonatal-capable ventilator and gas supply (oxygen

and compressed air tanks), blender, and flow meter

Monitors for heart rate, invasive and noninvasive blood pressures, oxygen saturation, and

temperature, with associated electrodes/probes/transducers/cuffs

Defibrillator with neonatal-appropriate energy settings and paddles/pads

Suction device and suction catheters

Feeding tubes, sump tubes (e.g., Replogle)

Oxygen tubing, masks, nasal cannulas, CPAP devices

Nitric oxide tank and delivery equipment

Infusion pumps

Gel-filled mattress

Glucometer or other point-of-care testing device

Airway equipment

Flow-inflating bag with manometer and oxygen tubing

Face masks (premature and term infant)

Oropharyngeal airways

Laryngoscopes with no. 00, 0, and 1 blades, with extra batteries/bulbs (if needed)

Endotracheal tubes sizes 2.5 to 4.0 mm

Magill forceps

Laryngeal mask airways

CO, detectors or waveform capnography

Instrument tray for chest tubes and umbilical vessel catheters

Chest tubes and connectors, Heimlich valves, closed suction/water seal system

Vascular access supplies, including intraosseous needles

Medication delivery supplies, including needles and syringes

Stethoscope

Gloves, masks, disposable gowns, eye protection

Source of electrical power, heat, and light

Adaptors to plug into both hospital and vehicle power

Clipboard with transport data forms, permission forms, progress notes, and booklet for parents

Medication guide for dosing and infusion preparation

CPAP, continuous positive airway pressure.
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Table 17.3. Medications Used during Neonatal Transport

Adenosine

Albumin 5%

Ampicillin

Atropine

Calcium chloride

Calcium gluconate

Dexamethasone

Dextrose 10% in water (D, W)

Dextrose 5% in water (DsW)

Dobutamine

Dopamine

Epinephrine (1:10,000; 0.1 mg/mL)

Erythromycin eye ointment

Fentanyl

Fosphenytoin/antiepileptic drug

Furosemide

Gentamicin

Heparin

Lidocaine

Lorazepam

Midazolam

Morphine (narcotic drug, issued as per hospital policy)

Naloxone

Normal saline (0.9% NaCl)

Phenobarbital

Potassium chloride

Prostaglandin E; (requires refrigeration)

Rocuronium

Sodium bicarbonate 4.2% (0.5 mEq/mL)

Sterile water for injection

Surfactant (bovine surfactant products require refrigeration)

Vecuronium

Vitamin K,
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Table 17.4. Barometric Pressure and Partial Pressure of Oxygen with Increasing
Altitude

Sea Level | 2,000 | 4,000 | 6,000 | 8,000 | 10,000
Barometric pressure (torr) 760 706 656 609 565 523
Partial pressure of FiO, 160 148 138 128 119 110
0.21 (torr)
FO, X BP,

FiO, required = BP,

FiO,, fraction .of inspired oxygen patient is currently receiving; BP}, barometric pressure prior to flight;
BP,, barometric pressure at altitude.

I. Ambulance regulations vary from state to state and may conflict with transport
team goals. For example, some states require that an ambulance stop at the scene
of an unattended accident to render aid until a second ambulance arrives.

IV. REFERRING HOSPITAL RESPONSIBILITIES

A. Identify the appropriate tertiary care facility for transfer. If it is known before
birth that the infant will need transfer to a tertiary care facility (e.g., an infant
with congenital cyanotic heart disease), both the parents and the appropriate
tertiary care facility can be prepared for the transfer. Prompt notification of the
receiving hospital will allow timely deployment of the transport team and verify
that the required services are available. Any risk posed by the patient for commu-
nicable diseases must be disclosed to the tertiary center at the time of the request
for transfer.

B. Documentation. Staff at the referring hospital should complete the adminis-
trative forms required for transfer, which include parental consent. A transfer
summary should document the care given to the infant at the referring hospital.
Transport team documentation begins on the team’s arrival and should note all
treatment rendered to the patient by either the referring hospital staff or the
transport team.

V. TRANSPORT TEAM RESPONSIBILITIES

A. When receiving the initial request for transfer, the medical control physician (re-
ceiving unit) should obtain a sufficiently detailed summary on phone/email/fax
from the referring clinician to decide the appropriate team composition, equip-
ment, and medications required (e.g., prostin and antiepileptic drug).

B. The medical control physician should discuss the patient’s condition, antic-
ipated problems, and potential therapies with the transport team members
before their departure. This provides an opportunity for the team members to
ask questions and to determine whether there is any additional equipment or
medications that might be needed.
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On arrival at the referring NICU, transport team members should introduce
themselves clearly and politely to the referring hospital staff and family members.
Appropriate photo identification should be worn. The referring and/or primary
physicians should be identified and their names documented.

. Transfer of patient information (handoff) should be clear and signed over.

Use of checklists for communication decreases the likelihood of important items
being overlooked during handoff (e.g., vitamin K, BCG, hepatitis B, mother’s
blood group, last dose of antibiotics).

. The teams should work collegially and be objective in their assessment and

stabilization.

. Parents should be given an opportunity to see the infant before the team

leaves the referring hospital. Some services prioritize the conveyance of a parent
to minimize anxiety and facilitate consent if emergency surgery is required at
the receiving hospital. If parents do travel with their child, it is imperative that
they are medically fit to travel and discharged from inpatient care themselves.
While meeting with the family, the team should obtain consent for transfer
and other anticipated procedures (including blood transfusion, if indicated), as
well as review the team’s policy regarding parents traveling with their newborn
on transport.

Following completion of the transport, the team should call the referring hospi-
tal staff with pertinent follow-up of the patient’s condition and how he or she
tolerated the transport to the tertiary facility.

. Transport teams should consider an active outreach education program for re-

ferring hospital staff that could include conferences, in-service presentations, and
case reviews and simulation training.

MEDICAL MANAGEMENT BEFORE TRANSPORT

A.

Stabilize before transport. The medical control physician should support the
medical management and stabilization of the neonate while the transport team is
mobilizing and en route. The extent of pretransport diagnostic testing and treat-
ment depends on the urgency of the patient’s condition as well as the resources
available at the referring hospital. In general, pretransport interventions should
focus on thermal, respiratory, cardiac, neurologic, and metabolic stabilization.
These should be limited to those necessary for a safe transfer, not for ongoing
definitive care.

Pretransport management should include attention to the following:

1. Establish and maintain a neutral thermal environment or allow for passive or
active cooling if the infant meets criteria for therapeutic hypothermia.

2. Ensure airway patency and security and support oxygenation and ventilation.
3. Support hemodynamics and perfusion with fluids and/or vasoactive infusions.
4. Ensure adequate blood glucose concentration.

5. Establish stable vascular access (umbilical/peripherally inserted central venous
or arterial catheters).

6. Obtain appropriate cultures and give first doses of antibiotics, if indicated.
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7. Obtain copies of obstetric and neonatal charts for the transport team, includ-
ing copies of radiographic studies.

8. Prepare the parents for transport of their infant and, if possible, allow them
time to visit with their infant.

VIl. MEDICAL MANAGEMENT DURING TRANSPORT

A. The mobile environment. The period of time after leaving the referring hos-
pital and arriving at the receiving hospital is the most vulnerable for the patient
due to challenges with monitoring, assessment, and interventions in the mobile
environment. Most modern monitors are built to withstand interference from
road vibration and work on both AC and DC (battery). Direct observation of
the patient may be challenging due to the use of the isolette, movement of the
vehicle, and restraint use by the transport team members, so it is essential that
monitoring devices are functioning and easily visible.

B. Adverse events. Dislodgment of lines and tubes can occur with movement of the
ambulance or patient. Properly securing tubes and lines prior to transport is the
most effective prevention strategy, and team members should carefully coordinate
transfers into and out of the isolette so that someone is responsible for supporting
the endotracheal tube. Travel in both the ground and air environments involves
physiologic stressors that are different than in the hospital setting, and judicious
use of sedation may be indicated to maintain the patient’s comfort and safety and,
in particular, avoid inadvertent extubation. In the event of an unexpected clinical
deterioration, auscultation may be unreliable due to background noise, and cap-
nography may be more reliable to assess endotracheal tube position. If the patient
continues to deteriorate, it may be appropriate during ground transport to ask the
driver to pull over so that the team can accurately assess breath sounds and per-
form necessary interventions. Ambulance sirens and flashing lights should be used
only in rare circumstances because they increase the risk of causing accidents and
have not been shown to save substantial time or reduce mortality. In the event of
sudden patient deterioration, the team should be trained through simulation/drills
in rapid problem solving which may involve immediate division into parallel tasks
of patient assessment and intervention and equipment troubleshooting.

C. Communication. The transport team should notify the medical control physi-
cian and receiving hospital of any significant changes in the patient’s condition
during transport. On rare occasions, it may be appropriate to return to the
referring hospital or divert to a closer hospiral if the patient is not responding to
interventions. Cellular phones are most commonly used to communicate during
transport, but a backup system (i.e., radio) should be available in the event there
is no cellular phone service due to terrain or distance. If indicated, the medical
control physician should notify subspecialty services that may need to be involved
urgently in the care of the patient on arrival, such as cardiology or surgery.

VIIl. ARRIVAL AT THE NEONATAL INTENSIVE CARE UNIT

A. The team should give the NICU caregivers a succinct and complete summary of
the infant’s clinical condition and copies of the referring hospital’s medical record
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and radiographic studies. Use of a standardized handoff script with signatures will
ensure that relevant information is not inadvertently omitted.

A team member should telephone the parents to let them know that their infant
has arrived safely unless they have traveled with their child.

Relevant documentation regarding the transport should be completed and a
copy added to the patient’s medical record, including contact information for
the parents.

All transport medications should be immediately restocked, and all equipment
checked and prepared for subsequent transports.

If an untoward incident occurred during transport, appropriate documentation
should be completed, and the transport team’s medical director should be notified
to allow appropriate investigation and debriefing.

IX. SPECIFIC CONDITIONS AND MANAGEMENT

A.

=

0

Premature infants with respiratory distress syndrome (RDS) who have not
responded to early application of CPAP may benefit from exogenous surfactant
administration. When a preterm infant requires intubation and mechanical venti-
lation, the transport team should consider administration of surfactant. Ideally, a
chest x-ray should be obtained after intubation and prior to surfactant delivery to
avoid administration of surfactant into one lung. However, aide-memoires may as-
sist with predicted tube lengths. The transport team should anticipate rapid changes
in lung compliance and be prepared to wean ventilatory support during the first 30
minutes after surfactant delivery and minimize the risk of pneumothorax.

Hypoxic respiratory failure and pulmonary hypertension. Management
should focus on ensuring optimal lung recruitment using ventilatory strategies
and, in some cases, surfactant administration, while avoiding injurious ventila-
tor settings and/or hyperventilation. If the infant has signs of severe pulmonary
hypertension (e.g., tachycardia, preductal and postductal oxygen saturation dif-
ference, systemic hypotension), transport teams should be prepared to institute
inhaled nitric oxide at the referring hospital and continue administration during
transport. If inhaled nitric oxide has been started at the referring hospital, it is
important to avoid interruption during transport due to the risk of rebound pul-
monary hypertension. In India, inhaled nitric oxide is often not available at the
referring hospital or in ambulance.

Cardiac disease. Ideally, a cardiologist or cardiac intensive care specialist at the
tertiary care facility should be available to make recommendations for care prior
to and during transport of the infant. For infants with suspected ductal-dependent
congenital heart disease, prostaglandin E; (PGE,) may be initiated prior to transport.
Apnea, fever, and hypotension are common side effects of PGE; and appear to
be dose-dependent. In the past, endotracheal intubation was routinely recom-
mended for neonates receiving PGE;. More recently, many transport teams have
adopted the approach of using low-dose PGE, for infants without significant
respiratory distress or impaired perfusion. In such cases, it may not be necessary
to secure the airway prior to transport, which may be beneficial to the balance of
pulmonary and systemic blood flow in infants with single ventricle physiology.
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D. Surgical conditions. Special consideration should be given to infants being
transported by air (see section X.B) who may benefit from gastric decompression if
there is suspicion of intestinal obstruction.

X. PHYSIOLOGIC CONSIDERATIONS OF AIR TRANSPORTS. Rotor-wing aircraft are
not pressurized, so the interior pressure will vary with altitude. Fixed-wing aircraft are
pressurized but typically operate at an equivalent altitude of 5,000 to 8,000 ft where
barometric pressure is decreased.

A. Alveolar hypoxia (Dalton’s law). As altitude increases, the barometric pressure
and partial pressure of oxygen in the air decrease (see Table 17.4), leading to a
decrease in alveolar oxygen tension. Even in aircraft with pressurized cabins, be-
cause the cabin pressure is usually maintained at a level equal to 5,000 to 8,000
ft above sea level, it may be necessary to increase the FiO, delivered to the infant
to compensate. The FiO, required at altitude to approximate the same oxygen
tension that the patient is receiving at sea level can be calculated by the formula
in Table 17.4. If neonates with severe lung disease are transported by air, it may
be necessary to request the pilot to pressurize the cabin closer to sea level to avoid
severe hypoxemia. Ultimately, pulse oximetry and blood gas estimations should be
used to guide adjustments in delivered FiO, to maintain adequate oxygen delivery.

B. Gas expansion (Boyle’s law). As altitude increases and barometric pressure
decreases, the volume of gases will increase. As a result, gases trapped in closed
spaces will expand. This can result in a small pneumothorax or the normal gas-
eous distention of the gastrointestinal tract causing clinical deterioration in an
infant that was stable at sea level. To prevent decompensation in flight, pneu-
mothoraces should be drained and the stomach vented with a nasogastric tube
before an air transport.

XI. SIMULATION IN TRANSPORT MEDICINE. Transport of critically ill infants involves
high-stress situations where it is crucial for the team members to work well together
to ensure patient and team member safety using clear communication and principles
of crisis resource management. Simulation-based training allows teams to practice
working together to enhance their interactions and efficiency in a safe environment.
Neonatal apps are especially useful in assistance with drug and fluid calculations, tube
and line length, etc. They can provide helpful disease-specific pretransfer checklists.
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Neonatal Intensive Care
Unit Discharge Planning

Vincent C. Smith and Theresa M. Andrews

KEY POINTS

Begin discharge planning shortly after admission and continue until families are
prepared to take their infants home.

Follow the tenets of family-centered care involving the family from start, as a
member of the team as much as possible.

Include a structured family education program.

INTRODUCTION. A successful transition from the neonatal intensive care unit
(NICU) to home is critical to ensure a safe and confident home for newborns and
their families. This requires involving the family from the start of the NICU journey
and organized discharge planning. The optimal safe and successful discharge requires
mutual participation between the family and the medical faculty and should begin
at admission and follow through the infant’s hospital stay. This chapter discusses the
discharge readiness as well as the discharge preparation for the family.

NICU discharge readiness is the attainment of technical skills and knowledge,
emotional comfort, and confidence in infant care by the primary caregivers. NICU
discharge preparation is the process of facilitating discharge readiness. Discharge
readiness is the desired outcome, and discharge preparation is the process.

. INFANT'S DISCHARGE READINESS. The transition to home should occur when

the infant achieves physiologic maturity and has completed all predischarge testing
and treatment.
A. Healthy growing preterm infants are considered ready for discharge when they

meet the following criteria:

1. Free of apnea for at least 5 days, after stopping caffeine (may be longer, up to
2 weeks in extreme preterms) (see Chapter 31)

2. Able to take all feedings by breast/paladai/bottle without respiratory compromise
3. Able to maintain temperature in an open environment

4. Demonstrate steady 