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Preface

The fourth edition of the Manual of
Neonatal Care of the Joint Program
in Neonatology (JPN) builds on the
three previous editions (1980, 1985,
1991) and updates our practice in
perinatal and neonatal medicine.
The JPN has grown to 28 attending
neonatologists and 12 fellows who
care for over 14,000 newborns deliv-
ered annually at the Beth Israel
Deaconess Medical Center (BIDMO),
the Brigham and Women’s Hospital
(BWH, formerly the Boston Lying-In
Hospital and Boston Hospital for
Women), and more than 450 pa-
tients referred annually to the
NICU at Children’s Hospital (CH).
Our commitment to values includ-
ing clinieal excellence, collaboration
with colleagues, and support of fami-
lies, is evident throughout our book.
BIDMC and BWH are referral cen-
ters for women with pregnancies
complicated by maternal iliness, fe-
tal abnormalities, and anticipated
neonatal problems. Obstetricians
and neonatologists work together to
provide prenatal and intrapartum
care. This perinatal experience is re-
flected in the chapters on Fetal As-
sessment and Prenatal Diagnosis,
Maternal Conditions That Affect the
Fetus, and Genetic Issues Present-
ing in the Nursery. The NICU at CH
provides telephone consultation to
pediatricians at local community
hospitals, and transports and cares
for critically ill newborns delivered
at hospitals throughout New Eng-
land. Frequent problems seen in this
outborn population include perina-
tal asphyxia, congenital heart dis-
ease, sever¢ respiratory disorders,
malformations, and metabolic disor-

ders. The practical approaches we
have developed to address these
problems are described in the Man-
ual. Close involvement with the
families of our patients is valued in
our three NICUs. This is reflected in
the chapters on Breast-Feeding, De-
velopmentally Supportive Care, and
Management of Neonatal Death and
Bereavement Follow-Up.

This version of the Manual is com-
pletely updated and extensively re-
vised. We have added new chapters
on preeclampsia and related condi-
tions, extracorporeal membrane oxy-
genation (ECMO), arterial and ve-
nous thrombosis, care of the very
low-birth-weight infant, and neona-
tal anesthesia and sedation. The
chapter on congenital heart disease
has been markedly enhanced and .
includes excellent diagrams of car-
diac malformations that will facili-
tate explanations for caregivers and
parents. The chapter on infections
has been expanded with new infor-
mation on many conditions, includ-
ing human immunodeficiency virus,
toxoplasmosis, and Lyme disease.
The chapters on hyperbilirubinemia,
respiratory disorders, neurology and
metabolic disorders have also been
extensively expanded and updated.

In the Manual, we describe our
current and practical approaches to
evaluation and management of con-
ditions encountered in the newborn.
We recognize that many areas of
controversy exist, that there is often
more than one approach to a prob-
lem, and that our knowledge contin-
ues to grow. We acknowledge the ef-
forts of many individuals to advance
the care of newborns and the train-
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xxlv Preface

ing of physicians in newborn medi-
cine. We are indebted to Clement
Smith and Nicholas M. Nelson for
their insights into newborn physiol-
ogy; Stewart Clifford, William D.
Cochran, John Hubbell, and Man-
ning Sears for their contributions to
the care of infants at Boston Lying-
In Hospital; and H. William
Taeusch, Jr., Barry T. Smith,
Michael Epstein, and Merton Bern-
field who served as Directors of the
JPN. We are grateful to Mary Ellen
Avery for the markedly improved
outcomes of premature infants facil-
itated by her seminal observation
that surfactant deficiency results in
Respiratory Distress Syndrome, her
international leadership as an advo-
cate for newborn infants, her role in
establishing the JPN in 1974, and
the personal support and advice she
has provided to so many, including
the editors.

We welcome the opportunity to
thank the many others who helped
" in the preparation of the Manual.
Individuals who assisted with previ-
ous editions, reviewed sections of
the present edition, or helped make
this work possible include Ann
Colangelo, Frederic Frigoletto, Don-
ald Fyler, Luke Gillespie, Donald
Goldmann, Kenneth McIntosh,
Alexander Nadas, Istvan Seri,
Richard Slavin, and Joseph Volpe.

We appreciate our many local and
national colleagues for their contri-
bution of chapters or for permission
to use data, illustrations, or tables.
For their thoughtful questions and
field-testing of management algo-
rithms, we note the efforts of JPN
fellows in 1995-1997, during the
preparation of this edition: Sanjay
Aurora, Timothy Baba, Wanda
Barfield, Dara Brodsky, Donna
Caliguri, Sule Cataltepe, Helen
Christou, Anne Cullen, Thomas Dia-
covo, Marty Ellington, Jay Hagerty,
Anne Hansen, Petra Huppi, Bertha
Kao, Bilal Khodr, Mark Lawson,
Kimberly Lee, Simon Manning, Ca-
milia Martin, Geeta Mathur, Bren-
dan Murphy, Manue! Peregrino, Di-
ana Perry, Mariel Poortenga, Karen

" Puopolo, David Rowitch, Manisha

Sakore, Timothy Watkins, John Zu-
pancic. We thank Laura Mulhal),
Stephanie Lightman, and Julie Ris-
taino for their administrative assis-
tance and secretarial work, without
which this would have been an im-
possible task. Finally, we gratefully
acknowledge the nurses, residents,
parents, and babies who provide the
inspiration for and measure the use-
fulness of the information contained
in this book.

John P. Cloherty, M.D.
Ann R. Stark, M.D.



Manual of
Neonatal
Care




CONTENTS H #

Contributing Authors
FEZ  oeeerieee it et e e enas xiii
Preface
BIES -evvoeererernerannrenasestareneerieietaiertieerseseaesaasrineranenns *xxiii
"1 Fetal Assessment and Prenatal Diagnosis
JEILTER FUFEBTIRUE  coeveemermensnnes gesemeiessisreensesres S 1
Assessment and Prenatal Diagnosis
FRYrFO BT BT covveereeeeeerrern et e 1
Tests for Pulmonary Surfactant . .
B A EE M TEIE  ooeeereemr e 7
2 Maternal Conditions That Affect the Fetus
LA ) NI R S b R T T TP PP T PO TPPPY PIPI PRI PRSPPI 11
Diabetes Mellitus
F - - T P 11
Thyroid Disorders
BT L X TR LI IIIRIe 20
Preeclampsia and Related Conditions
Bk F A AR M T covenereer e 26
3  Assessment of the Newborn
B JLPRAE ooevveeeemrmmmremmimmmsnnnasas sttt st 31
History and Physical Examination of the Newborn
31

FoE Uk PR T oevvenrr e
Identifying the High-Risk Newborn and Evaluating Gestational

Age, Prematurity, Postmaturity, Large-for-Gestational-Age, and

Small-for-Gestational-Age Infants
K A A ISR AE B, F 5 i R R, K B RILF A

vii



viil

10
1
12
13
14
15

16

Contents

H ﬁ-ﬁ»ﬁlj ............................................................

BB YL, eevenrrnnneeneeaeae e e ee e e e et e e aaaaes 37
Resuscitation in the Delivery Room
FEREEL AR woeerererrtnernrmt e 53
Nursery Care of .the Well Newborn
Eﬁvﬁgﬁﬁmgngpg .......................................... 65
Care of the Extremely Low-Birth-Weight Infant
REAE Y A AR T A JLAGT R - cvveeeemeeremne e erenineieneenan 73
Multiple Births
B T PP PR Y 77
Genetic Issues Presenting in the Nursery
TEBR L35 B BE 2R TR «vvvvverermrnmemmmssnnneneenieies 81
Fluid and Electrolyte Management
VAR FI R R ALREE - eovvvvmrmrermmmmnees e e et 87
Nutrition
gg% ................................................................ 101
Breast-feeding
FFPLBBFE  cocvnerrrorrmmionimuiieniine et e 135
Temperature Control
BETELETH  cvevereeeeemenssmimmmminnnnstiesarse et e 139
Neonatal Transport
B JLBERE  cooeeeeeereersennimnninnneee et 143
Developmentally Supportive Care '
SSBF RGP coverreeereeseeseee s e e et 151
Follow-Up of Very-Low-Birth-Weight Infants

| AR AR PR T ULBYBEDS  creeeeeeeeeemresresemmnemnsmneeneess 155
Discharge Planning

161



17

18

19

20

21

22

23

24

Contents ix

Shock

ﬁ( :F‘E. .................................................................. 171
Neonatal Hyperbilirubinemia

FAILERBLL EIMAE  -vvvvvrveerrrremerovenssiaieceicacoreraonn, 175
Drug Abuse and Withdrawal

ZEMIIE FIFIAEZE e 211
Birth Trauma

Vil ;i DAL L R TR PR R AT 225
Decision Making and Ethical Dilemmas

ﬂ;ﬁjy&%ﬁm}grﬂ%‘—@jﬁ. .......................................... 233
Management of Neonatal Death and Bereavement Follow-Up

B JLFET-BIALTEFZEIB AT  corevverremrirmarerrenneneenaiann 237
Infections

1 R LT P XL TTTPPPR R 239
Viral Infections

FREE Y e s 239
Bacterial and Fungal Infections

N Bl R0 R RIS 271
Tuberculosis

% ﬁ .................................................................. 300
Syphilis

B e 307
Lyme Disease ’

;E.W_. E < I T CLETCECER TR PERPIE T YRR SRR 315
Toxoplasmosis

B FUARIE  ceeeereeeereeneeteiee et e 318
Respiratory Disorders

i - T TITPTPPLe 329
Respiratory Distress Syndrome/Hyaline Membrane Disease
#ﬂfﬁ&%%ﬁ/z&%#uﬁ ................................ veee 329




X

25

26

Contents

Mechanical Ventilation

I T R T AL 336
Extracorporeal Membrane Oxygenation

PRIFIE AL AR cooveerrnreseensaniaesiaan e ane e et anieen 348
Blood Gas Monitoring and Pulmonary Function Tests '

R, WA Fe B RIS - 353

Air Leak: Pneumothorax, Pulmonary Interstitial Emphysema,

Pneumomediastinum, Pneumnopericardium

TR A SRR AR S ERE e 358
Persistent Pulmonary Hypertension of the Newborn
B LI B R ooreeeeeneeeennne et et 364
Transient Tachypnea of the Newborn
BB P e ol B AR coeeeereern et 369
Pulmonary hemorrhage »
B s eeeereeeeeenres e sttt st e 371
Apnea
BB eeeeeeereeieeteenenss i 374
Chronic Lung disease
REBEBRE AR -veeerorrmemsssnessssne st 378
Meconium Aspiration
BEETHN  veeeeeeenmennee st 388
Cardiac Disorders
LMHESEERE  wvevrreeeenesea e n e e s 393
Hematologic Problems
MLIERG  cveevevemreesereennnnmeessessssennnnunnnn s sssnnsssases 453
Anemia
Rty weeeneeseeneeenen et 453
Bleeding
i ceeeeeeneeesseeee st s 460
Polycythemia

...................................................... 466

L g RO 5 5E



27

28

29

Thrombocytopenia
IS T 2 A 470
Blood Products Used in the Newborn
e B R T T X AU 478
Major Arterial and Venous Thrombosis
K BRI K P IR ST IR, voovvmcoromserensosnisnarennnenss 486
Neurology
P RGEERIT  covvovevervrererrertiietiitiiiietinieciesiennns 493
Neonatal Seizures
B JUBMIR  covevrerroreorinnsnmtnmtnneiennotaitotieotissinsasciass 493
Intracranial Hemorrhage
FRA H AL oeeevrnermreneerneee e e 505
Perinatal Asphyxia
B ERGE M -oovevrreeerre et et e e 515
Neural Tube Defects
R T 533
Orthopedic Problems

CBFTEHIPIEUTERG  ceveerecnrereeeane et ettt ieaaanas 541
Metabolic Problems
FRIBHERR  -ovveerrememsommmmmrtonetmenneiiitcii et e e in e e senaes 545
Hypoglycemia and Hyperglycemia ’
R T o N S U R 545
Hypocalcemia, Hypercalcemia, and Hypermagnesemia
AR B04% | B £ Fofy SLAE vveceeerne et e 553
Metabolic Bone Disease of Prematurity
T LRGP B IE e eeeeeereeeneen et eer e 562
Inborn Errors of Metabolism
S F AR GHBERE  coovecereereeer et 564
Ambiguous Genitalia

FEBHBRTG LRI - cevvvrrerreerromsrrmmcnenmeetiiniicaeeaeans 581




~ xii  Contents

31 Renal Conditions

'gﬁggﬁ ............................................................ 591
32 Necrotizing Enterocolitis

FRFCHENIGLEIG S5 - vvevrerrrrereresateesitetteniectiaaiieanns 609
33 Surgical Emergencies in the Newborn

o IS - ¥ i P 617
34  Skin Care '

&B’EF’E ............................................................ 633
35 Auditory and Ophthalmologic Problems

D BREFARLRETRIFG  crvvremrrerrreemrsesmiesiisiiiiiitiniiiccncnens 643

Retinopathy of Prematurity '

B DI R ): ¥ BT T PP PP PP TC PRYT ST RERAPETEPIR IR REL seeeeee 643

Hearing Loss in Neonatal Intensive Care Unit Graduates

LR LB B AP T A BE  comeeeeeeeseenee e 648

36 Common Neonatal Procedures

#FB%?EE}L&@&}# ............................................. 651

37 Anesthesia and Analgesia
BRFEFILLIE  eeveeerosornmmmmrmmmssmnnnssnesetn i

Appendix: Drugs in Common Usage in Neonatal Intensive Care Units

I;f.j-i ﬁi}[jmgﬁﬂg};&i#ﬁg%% .............................. 677

---------------------------------------------------------------------



Contributing Authors

Charles L. Anderson, Jr., M.D., M.P.H.

Assistant Professor of Pediatrics,
Boston University School of
Medicine, Boston

(former Fellow, Joint Program in
Neonatology)

Ester L. Awnetwant, M.S., R.D.

Neonatal Dietician,
Department of Nutrition,
Brigham and Women'’s Hospital,
Boston

Angela M. Bader, M.D.

Assistant Professor of Anesthesia,
Harvard Medical School;
Department of Anesthesia,
Brigham and Women’s Hospital,
Boston

Chariles Berde, M.D., Ph.D.

Associate Professor of Anesthesia
(Pediatrics),

Harvard Medical School;

Senior Associate in Anesthesia,
Director, Pain Treatment Services,
Children’s Hospital, Boston

Thomas M. Berger, M.D.

Neonatologische und Padmtnsche
Intensivmedizin

Kinderspital Luzern
Kantonsspital Luzern
Switzerland

(former Fellow, Joint Program in
Neonatology)

Diana W. Blanchi, M.D.

Associate Professor of Pediatrics
and Obstetrics and Gynecology,
Tufts University School of
Medicine;

Chief, Division of Genetics,

New England Medical Center,
Boston

(former Attending Neonatologist
and Geneticist, Joint Program in
Neonatology)

xi



xiv Contributing Authors

Sandra K. Burchett, M.D.

Assistant Professor of Pediatrics,
Harvard Medical School;
Assistant in Medicine,

Associate, Department of
Infectious Diseases,

Children’s Hospital, Boston

Kimberlee Chatson, M.D.

Instructor in Pediatrics,

Harvard Medical School;
Associate Director, Special Care
Nursery,

Winchester Hospital, Winchester;
Associate Neonatologist, Joint
Program in Neonatology, Boston

Helen A. Christou, M.D.

Instructor in Pediatrics,
Harvard Medical School;
Associate Neonatologist, Joint
Program in Neonatology, Boston

John P. Cloherty, M.D.

Associate Clinical Professor of
Pediatrics, ‘
Harvard Medical School;
Associate Neonatologist, Joint
Program in Neonatology, Boston

Willlam D. Cochran, M.D.

Associate Clinical Professor of
Pediatrics,

Emeritus,

Harvard Medical School;
Associate Neonatologist, Joint
Program in Neonatology, Boston

Sharon B. Collier, R.D. Clinical Nutrition Manager,
. Clinical Nutrition Service,
Children’s Hospital, Boston
Kimberly Cox, R.N. Staff Nurse,

Newborn Intensive Care Unit,
Children’s Hospital, Boston

'Eric C. Eichenwald, M.D.

Assistant Professor of Clinical
Pediatrics,

Harvard Medical School;
Associate Director, Newborn
Intensive Care Unit,

Brigham and Women’s Hospital,
Boston

Francesco Emma, M.D.

ez G

Fellow, Division of Nephrology,
Children’s Hospital, Boston
(former Fellow, Joint Program in
Neonatology)




