THOMAS GREEN « WAYNE FRANKLIN
ROBERT R.TANZ

PEDIATRICS

-
bl
-

just the facts

~» Learn MORE in LESS time
~> Bulleted format for maximum learning

-2 Content reflects the scope of pediatric practice

->» Perfect for exam review or clinical practice

-~3> Also suitable for non-specialists and students



PEDIATRICS
Just the Facts

Thomas P. Green, MD

Professor and Chairman
Department of Pediatrics
Children’s Memorial Hospital
Northwestern University Feinberg School of Medicine

Wayne H. Franklin, MD, MPH

Associate Professor
Department of Pediatrics
Division of Cardiology
Children’s Memorial Hospital
Northwestern University Feinberg School of Medicine

Robert R. Tanz, MD

Professor of Pediatrics
Northwestern University Feinberg School of Medicine
Attending Physician
Division of General Academic Pediatrics
Children’s Memorial Hospital

McGraw-Hill
Medical Publishing Division

New York Chicago San Francisco Lisbon London Madrid
Mexico City Milan New Delhi San Juan Seoul
Singapore Sydney Toronto



http://dx.doi.org/10.1036/0071442219

Copyright © 2005 by The McGraw-Hill Companies, Inc. All rights reserved. Manufactured in the
United States of America. Except as permitted under the United States Copyright Act of 1976, no part
of this publication may be reproduced or distributed in any form or by any means, or stored in a
database or retrieval system, without the prior written permission of the publisher.

0-07-144221-9
The material in this eBook also appears in the print version of this title: 0-07-141642-0.

All trademarks are trademarks of their respective owners. Rather than put a trademark symbol after
every occurrence of a trademarked name, we use names in an editorial fashion only, and to the benefit
of the trademark owner, with no intention of infringement of the trademark. Where such designations
appear in this book, they have been printed with initial caps. McGraw-Hill eBooks are available at
special quantity discounts to use as premiums and sales promotions, or for use in corporate training
programs. For more information, please contact George Hoare, Special Sales, at
george_hoare@mcgraw-hill.com or (212) 904-4069.

TERMS OF USE

This is a copyrighted work and The McGraw-Hill Companies, Inc. (“McGraw-Hill”) and its licensors
reserve all rights in and to the work. Use of this work is subject to these terms. Except as permitted
under the Copyright Act of 1976 and the right to store and retrieve one copy of the work, you may not
decompile, disassemble, reverse engineer, reproduce, modify, create derivative works based upon,
transmit, distribute, disseminate, sell, publish or sublicense the work or any part of it without McGraw-
Hill’s prior consent. You may use the work for your own noncommercial and personal use; any other
use of the work is strictly prohibited. Your right to use the work may be terminated if you fail to
comply with these terms.

THE WORK IS PROVIDED “AS IS.” McGRAW-HILL AND ITS LICENSORS MAKE NO
GUARANTEES OR WARRANTIES AS TO THE ACCURACY, ADEQUACY OR
COMPLETENESS OF OR RESULTS TO BE OBTAINED FROM USING THE WORK,
INCLUDING ANY INFORMATION THAT CAN BE ACCESSED THROUGH THE WORK VIA
HYPERLINK OR OTHERWISE, AND EXPRESSLY DISCLAIM ANY WARRANTY, EXPRESS
OR IMPLIED, INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. McGraw-Hill and its
licensors do not warrant or guarantee that the functions contained in the work will meet your
requirements or that its operation will be uninterrupted or error free. Neither McGraw-Hill nor its
licensors shall be liable to you or anyone else for any inaccuracy, error or omission, regardless of
cause, in the work or for any damages resulting there from. McGraw-Hill has no responsibility for the
content of any information accessed through the work. Under no circumstances shall McGraw-Hill
and/or its licensors be liable for any indirect, incidental, special, punitive, consequential or similar
damages that result from the use of or inability to use the work, even if any of them has been advised
of the possibility of such damages. This limitation of liability shall apply to any claim or cause
whatsoever whether such claim or cause arises in contract, tort or otherwise.

DOI: 10.1036/0071442219


http://dx.doi.org/10.1036/0071442219

For more information about this title, click here

CONTENTS

Contributors
Preface

Section 1
PRINCIPLES OF PEDIATRIC CARE Robert Tanz

1 Growth and Normal Nutrition Lisa A. Martin
2 Pediatric History and Physical

Kimberley Dilley and Sandra Sanguino
3 Health Supervision: Newborn (Less than 1 Month)

Barbara Bayldon
4 Health Supervision: 1-6 Months Barbara Bayldon
5 Health Supervision: 612 Months Gwendolyn Wright
6 Health Supervision: 13-24 Months Lisa M. Sullivan
7 Health supervision: 2—4 Years Lisa M. Sullivan
8 Health supervision: 4 Years Mariana Glusman

and Susan Berger
9 Health supervision: 5-8 Years Mariana Glusman

and Susan Berger

10 Health Supervision: Pre-Adolescence and Adolescence
Robert Garofalo

11 Drug Therapeutics in Infants and Children
Thomas P. Green

Section 2
EMERGENCY PEDIATRICS Elizabeth C. Powell

12 Resuscitation Sally L. Reynolds
13 Injury Epidemiology and Prevention
Elizabeth C. Powell

Xiii
X1X

11
14
16
21
23
26
27
30

52

57

59

iii


http://dx.doi.org/10.1036/0071442219

IV CONTENTS

14 Trauma Systems and Trauma Care

Elizabeth C. Powell 62
15 Burns Elizabeth C. Powell 64
16 Shaken Infant Danny E. Leonhardt 65
17 Toxicology Suzan S. Mazor 67
18 Bioterrorism Elizabeth C. Powell 76
Section 3
NEONATAL CRITICAL CARE Robin Steinhorn 81
19 Neonatal Resuscitation Marissa deUngria 81
20 Birth Injury Marissa deUngria 88

21 Prematurity Karen K.L. Mestan and Ruth B. Deddish 93
22 Respiratory Disorders of the Newborn

Nicolas FM. Porta 99
23 Hematologic Disorders of the Newborn

Praveen Kumar 108
24 Neonatal Diseases of the Digestive Tract

Isabelle G. DePlaen and Nicolas F.M. Porta 113

25 Neurologic Conditions in the Newborn
Maria L.V. Dizon, Janine Y. Khan, and Joshua Goldstein 119
26 Genitourinary Conditions

Nicolas FM. Porta and Robin Steinhorn 127
27 Neonatal Infections
Malika D. Shah and Catherine M. Bendel 128
Section 4

PEDIATRIC CRITICAL CARE Denise M. Goodman 141

28 Sepsis, Shock, and Oxygen Delivery

Maria Luiza C. Albuquerque 141
29 Acute Respiratory Distress Syndrome
David M. Steinhorn 143
30 Near-Drowning Ranna A. Rozenfeld 146
31 Mechanical Ventilation Steven O. Lestrud 149
32 Acid-Base Balance Ranna A. Rozenfeld 151
33 Traumatic Brain Injury Zehava L. Noah 153
34 Technology Dependent Children
Zehava L. Noah and Cynthia Etzler Budek 156
35 Brain Death Denise M. Goodman 160
Section 5
PEDIATRIC HOSPITAL CARE Jennifer A. Daru 163

36 Admitting a Patient
Jennifer Daru and Robert Listernick 163



CONTENTS

|4

37 The Inpatient Unit
Jennifer Daru and Robert Listernick
38 The Medical Record, Billing, and Medicolegal
Considerations Jennifer Daru and
Robert Listernick
39 Inpatient Care Jennifer Daru
and Robert Listernick
40 Discharge Planning
Jennifer Daru and Robert Listernick
41 Death in the Hospital
Jennifer Daru and Robert Listernick
42 Cultural, Religious, and Other Major
Considerations in Patient Care
Jennifer Daru and Robert Listernick
Section 6

ALLERGIC AND IMMUNOLOGIC
DISORDERS Jacqueline A. Pongracic

43 Anaphylaxis Richard Evans II1
44 Allergic Rhinitis
Fatricia Keefe and Richard Evans 111
45 Asthma Kristen Koridek
and Richard Evans II1
46 Drug Allergy Rajesh Kumar
47 Food Allergy Jennifer Kim and
Jacqueline Pongracic
48 Sinusitis Kelly Newhall and Rajesh Kumar
49 Urticaria/Angioedema Jacqueline Pongracic
50 Immunodeficiency Gulbu Uzel
Section 7

DISEASES OF THE HEART AND
GREAT VESSELS Rae-Ellen W. Kavey

51

52
53
54
55
56
57
58
59

Cardiac Evaluation: Normal Auscultation,

Murmurs and Clicks Rae-Ellen W. Kavey

Chest Pain Rae-Ellen W. Kavey

Syncope Jatin N. Patel and Wayne H. Franklin
Congenital Heart Disease Rae-Ellen W. Kavey
Arrhythmias Kendra Ward and Barbara J. Deal
Heart Failure and Cardiomyopathy Elfriede Pahl
Acquired Heart Disease Rae-Ellen W. Kavey
Hypertension Rae-Ellen W. Kavey
Hyperlipidemia Rae-Ellen W. Kavey

166

166

167

170

170

171

173

173

175

177
179

183
186
189
191

205

205
207
208
211
224
235
238
244
247



vi

CONTENTS

Section 8
SKIN DISEASES Sarah L. Chamlin

60 Birthmarks Annette M. Wagner
61 Inflammatory Skin Disease Sarah L. Chamlin
62 Acne Jill Nelson and Amy S. Paller
63 Viral Infections, Miscellaneous Exanthems,
and Infestations Anthony J. Mancini
Section 9

DISORDERS OF THE ENDOCRINE
SYSTEM Donald Zimmerman

64

65

66

67

68

69

70

Diabetes Mellitus and Hypoglycemia
Donald Zimmerman, Reema L. Habiby,
and Wendy J. Brickman

Growth Disorders Donald Zimmerman,
Reema L. Habiby, and Wendy J. Brickman
Thyroid Diseases Donald Zimmerman,

Reema L. Habiby, and Wendy J. Brickman
Adrenal Disease and Adrenal Steroid Use
Donald Zimmerman, Reema L. Habiby,
and Wendy J. Brickman

Abnormalities of Puberty Donald Zimmerman,
Reema L. Habiby, and Wendy J. Brickman
Hypothalamic and Pituitary Disorders
Donald Zimmerman, Reema L. Habiby,
and Wendy J. Brickman

Abnormalities of Sexual Differentiation
Donald Zimmerman, Reema L. Habiby,
and Wendy J. Brickman

Section 10
GASTROINTESTINAL AND
LIVER DISEASE B UK. Li

71

72

73

74

75

Gastroesophageal Reflux

Bhanu Sunku and B U.K. Li

Peptic Disease and Helicobacter Pylori
Jeffrey B. Brown and B U.K. Li
Allergic Bowel Diseases

Bhanu Sunku and B U.K. Li

Diarrhea and Malabsorption Syndromes
Rohit Kohli and B U.K. Li

Recurrent Abdominal Pain and Irritable
Bowel Syndrome B UK. Li

251

251
254
257

259

263

263

279

282

286

291

294

302

305

305

307

309

311

314



CONTENTS

vii

76 Inflammatory Bowel Disease
Jeffrey B. Brown and B U.K. Li
77 Constipation Ruba Azzam and B U.K. Li
78 Hirschsprung Disease Ruba Azzam
and B UK. Li
79 Upper and Lower Tract Gastrointestinal Bleeding
Shikha S. Sundaram and B U.K. Li
80 Pancreatic Disorders Ruba Azzam and B U.K. Li
81 Jaundice Shikha S. Sundaram and B U.K. Li
82 Liver Failure Shikha S. Sundaram and B U.K. Li
Section 11

GENETIC DISEASES Barbara K. Burton

83 Chromosome Abnormalities Barbara K. Burton
84 Submicroscopic Chromosome Anomalies
(Contiguous Gene Syndromes) Barbara K. Burton
85 Amino Acid and Organic Acid
Barbara K. Burton and Joel Charrow
86 Carbohydrate Metabolism
Barbara K. Burton and Joel Charrow
87 Fatty Acid Oxidation Disorders Barbara K. Burton
88 Lysosomal Storage Disorders Joel Charrow
89 Other Important Single Gene Disorders
Barbara K. Burton and Joel Charrow
90 Newborn Screening Barbara K. Burton
Section 12

DISORDERS OF THE BLOOD AND
BLOOD CELLS Alexis A. Thompson

91
92

93

94
95

96

97

98
929

Anemia Overview Alexis A. Thompson
Iron Deficiency Laurie Macdonald and
Alexis A. Thompson

Hemolytic Anemias

Yasmin Gosiengfiao and Alexis A. Thompson
Thalassemias Alexis A. Thompson
Thrombocytopenia Joanna Weinstein and
Alexis A. Thompson

Hemophilia and Other Bleeding Disorders
Deborah Brown

Thrombophilia Peter E. Zage and
Deborah L. Brown

Neutropenia Alexis A. Thompson

Sickle Cell Disease Horace E. Smith

316
319

321
322
325

327
330

333

333
335
336
341
343
343

345
349

351

351

353

355
357

358
361
365

367
369



viii

CONTENTS

Section 13
MALIGNANCIES Elaine R. Morgan

100 Overview Elaine R. Morgan

101 Cancer and Genetics Yasmin Goseingfiao
and David O. Walterhouse

102 Brain Tumors Joanna Weinstein
and Stewart Goldman

103 Leukemia Elaine R. Morgan

104 Lymphoma Elaine R. Morgan and
Maureen Haugen

105 Neuroblastoma Susan L. Cohn
and Kelly Coyne

106 Wilms Tumor Morris Kletzel

107 Pediatric Bone Tumors Laurie MacDonald,
David O. Walterhouse, and Robert L. Satcher

108 Soft Tissue Sarcoma David O. Walterhouse
and Peter Zage

109 Hepatic Tumors Howard M. Katzenstein

110 Langerhans Cell Histiocytosis
Elaine R. Morgan and Jacquie Toia

111 Late Effects Elaine R. Morgan

Section 14

INFECTIOUS DISEASES Tina Q. Tan

112 Bacterial Infections A. Todd Davis,
Alexandra Freeman, Judith Guzman-Cottrill,
Preeti Jaggi, Stanford T. Shulman, Tina Q. Tan,
Ram Yogev

113 Viral Infections
A. Todd Davis, Preeti Jaggi, Ben Z. Katz, and
Ram Yogev

114 Fungal Infections
A. Todd Davis, Alexandra Freeman,

Preeti Jaggi, Stanford T. Shulman

115 Infections In Immunocompromised Hosts
Ellen G. Chadwick

116 Other Infectious Diseases A. Todd Davis
and Stanford T. Shulman

Section 15

DISEASES OF THE KIDNEY, URETERS,
AND BLADDER Craig B. Langman

117

Kidney Emergencies Craig B. Langman

373

373

373

374
376

377

379
380

381

382
383

384
385

387

387

411

420

424

427

439

439



CONTENTS

ix

118 Common Complaint Referable to the Kidney and
Urologic Systems Craig B. Langman
119 Glomerular Disease Richard A. Cohn and
H. William Schnaper
120 Acute Interstitial Nephritis
H. William Schnaper
121 Proximal and Distal Tubular Disease
Craig B. Langman
122 Disorders of the Collecting Duct
Ronald J. Kallen
123 Renovascular Disease Jerome C. Lane
124 Nephrolithiasis Craig B. Langman
125 Urologic Anomalies Jerone C. Lane
126 Urinary Tract Infections Ronald J. Kallen
127 Primary Nocturnal Enuresis Ronald J. Kallen
Section 16

NEUROLOGIC DISORDERS Joshua L. Goldstein

128 Newborn Neurology David G. Ritacco
129 Neurodevelopmental Disabilities
Charles N. Swisher
130 Evaluation and Management of Childhood
Headache Mark S. Wainwright
131 Peripheral Nervous System Disorders
Wes McRae
132 Ataxia Alexander Bassuk
133 Epilepsy Linda C. Laux
134 Status Epilepticus Kent R. Kelley
135 Additional Neurologic Emergencies
Joshua L. Goldstein
136 Miscellaneous Office Issues Joshua L. Goldstein
137 Attention Deficit Disorders Gretchen Wieck
Section 17
DISEASES AND DISORDERS
OF THE EYE Marilyn B. Mets
138 Anatomy Raed Shatnawi, Janice B. Lasky,
Marilyn B. Mets
139 Red Eye Raed Shatnawi, Janice B. Lasky,
Marilyn B. Mets
140 Nasolacrimal Duct Obstruction
Raed Shatnawi, Janice B. Lasky, Marilyn B. Mets
141 Congenital Glaucoma Raed Shatnawi,

Janice B. Lasky, Marilyn B. Mets

441
441
444
445
446
447
449
451

455
457

461

461
463
464
469
474
479
483
484

486
487

493

493

493

496

496



X

CONTENTS

142 Leukocoria (White Pupil)
Raed Shatnawi, Janice B. Lasky, Marilyn B. Mets
143 Eye Trauma
Raed Shatnawi, Janice B. Lasky, Marilyn B. Mets
144 Strabismus Raed Shatnawi, Janice B. Lasky,
Marilyn B. Mets
145 Refractive Errors Raed Shatnawi, Janice B. Lasky,
Marilyn B. Mets
146 Amblyopia Raed Shatnawi, Janice B. Lasky,
Marilyn B. Mets
147 Retinopathy of Prematurity
Raed Shatnawi, Janice B. Lasky, Marilyn B. Mets
148 Systemic Disorders with Ocular Involvement
Raed Shatnawi, Janice B. Lasky, Marilyn B. Mets
149 The Blind Infant Raed Shatnawi, Janice B. Lasky,
Marilyn B. Mets
Section 18

DISEASES OF THE BONE
AND JOINTS John F. Sarwark

150 Newborn Orthopedic Examination
Denise T. Ibrahim and John F. Sarwark
151 Developmental Dysplasia of HIP (DDH)
Denise T. Ibrahim and John F. Sarwark
152 Fractures Denise T. Ibrahim and John F. Sarwark
153 Limping Child Denise T. Ibrahim
and John F. Sarwark
154 Spine Denise T. Ibrahim and John F. Sarwark
155 Physiologic Development of Lower
Extremity Alignment Denise T. Ibrahim
and John F. Sarwark
156 Sports Medicine
Denise T. Ibrahim and John F. Sarwark
Section 19

RESPIRATORY DISORDERS Susanna A. McColley

157
158
159
160
161
162

Foreign Body Aspiration Mary A. Nevin

Bronchitis and Bronchiolitis Maria L. Dowell
Bronchopulmonary Dysplasia Steven O. Lestrud
Interstitial Lung Disease Corinda M. Hankins

Otitis Media Mark E. Gerber
Pneumonia Oren J. Lakser

497

498

499

500

500

501

502

505

507

507

507
508

511
512

514

516

519

519
521
523
524
527
530



CONTENTS

Xi

163 Cystic Fibrosis Susanna A. McColley

164 Sleep Disorders and Breathing Stephen H. Sheldon

Section 20
BEHAVIORAL AND PSYCHIATRIC

DISORDERS John V. Lavigne and D. Richard Martini

165 Principles of Management of Psychiatric
Problems in Pediatric Practices
John V. Lavigne and D. Richard Martini
166 Feeding and Eating Disorders in the Infant
Sally E. Tarbell
167 Elimination Disorders John V. Lavigne
168 Eating Disorders with Later onset
D. Richard Martini
169 Somatoform Disorders Sally E. Tarbell

170 Developmental Disorders Constance M. Weil

171 Pervasive Developmental Disorders
Kathleen McKenna

172 Attention Deficit Hyperactivity Disorder
John V. Lavigne

173 Oppositional Defiant Disorder John V. Lavigne

174 Conduct Disorder Heather J. Walter

175 Anxiety Disorders Jonathan M. Pochyly
and D. Richard Martini

176 Mood Disorders John V. Lavigne

177 Tourette Syndrome and Other Tic Disorders
Sally E. Tarbell

178 Selective Mutism Colleen Cicchetti

179 Reactive Attachment Disorder John V. Lavigne

180 Schizophrenia Kathleen Mckenna

181 Gender Identity Disorder (GID) John V. Lavigne
182 Substance Abuse Disorders Heather J. Walter

Section 21
RHEUMATOLOGIC AND AUTOIMMUNE
CONDITIONS Marisa S. Klein-Gitelman

183 Rheumatologic Emergencies
Marisa S. Klein-Gitelman

184 Common Office Complaints
Marisa S. Klein-Gitelman

185 Juvenile Idiopathic Arthritis (JIA)
Marisa S. Klein-Gitelman

532
534

539

539

548
551

552
555
558

562
564
566
567

568
570

572
573
574
575

577
578

581

581

583

585



Xil

CONTENTS

186 Systemic Lupus Erythematosus (SLE)
Marisa S. Klein-Gitelman

187 Henoch-Schonlein Purpura (HSP)
Marisa S. Klein-Gitelman

188 Juvenile Dermatomyositis (JDM)
Lauren M. Pachman

189 Scleroderma Michael L. Miller

Section 22
GROWTH DISORDERS Timothy A. Sentongo

190 Failure to Thrive Timothy A. Sentongo
191 Obesity Rebecca Unger, Adolfo Ariza,
and Timothy A. Sentongo
192 Nutritional Deficiencies Timothy A. Sentongo

Section 23
PEDIATRIC DENTISTRY Charles Czerepak

193 Pediatric Dentistry and Oral Health
Charles Czerepak

Index

590

592

594
596

599

599

602
607

611

611

623



CONTRIBUTORS

Maria Luiza C. Albuquerque, MD, Associate Professor, Department of Pediatrics, Division of
Critical Care Medicine, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Adolfo Ariza, MD, Research Assistant Professor, Department of Pediatrics, Child Health
Research, Children’s Memorial Insititute for Education and Research, Northwestern University
Feinberg School of Medicine

Ruba Azzam, MD, Fellow, Department of Pediatrics, Division of Gastroenterology, Hepatology
and Nutrition, Children’s Memorial Hospital, Northwestern University Feinberg of Medicine

Alexander Bassuk, MD, Fellow, Department of Pediatrics, Division of Neurology, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Barbara W. Bayldon, MD, Assistant Professor, Department of Pediatrics; Division of General
Academic Pediatrics; Children’s Memorial Hospital; Northwestern University Feinberg School
of Medicine

Catherine M. Bendel, MD, Assistant Professor, Department of Pediatrics, Division of Neonatology;
University of Minnesota/Fairview University Medical Center

Susan P. Berger, PhD, Assistant Professor, Department of Pediatrics; Division of General
Academic Pediatrics; Northwestern University Feinberg School of Medicine; Children’s
Memorial Hospital

Wendy J. Brickman, MD, Assistant Professor, Department of Pediatrics, Division of
Endocrinology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Deborah L. Brown, MD, Assistant Professor, Department of Pediatrics, University of Texas
Health Science Center at Houston

Jeffrey B. Brown, MD, Assistant Professor, Department of Pediatrics, Division of
Gastroenterology, Hepatology and Nutrition, Children’s Memorial Hospital, Northwestern
University Feinberg of Medicine

Barbara K. Burton, MD, Professor, Department of Pediatrics, Division of Genetics, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Sarah L. Chamlin, MD, Assistant Professor, Department of Pediatrics, Division of Dermatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Joel Charrow, MD, Professor, Department of Pediatrics, Division of Genetics, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Colleen Cicchetti, PhD, Instructor, Department of Psychiatry and Behavioral Science, Child and
Adolescent Medicine, Children's Memorial Hospital, Northwestern University Feinberg School
of Medicine

Susan L. Cohn, MD, Professor, Department of Pediatrics, Division of Hematology/Oncology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

xiii

Copyright © 2005 by The McGraw-Hill Companies, Inc. Click here for terms of use.



Xiy

CONTRIBUTORS

Kelly Coyne, RN, MSN, CPNP, Pediatric Nurse Practitioner, Division of
Hematology/Oncology/Transplantation, Children’s Memorial Hospital

Charles S. Czerepak, DMD, MS, Assistant Professor, Departemnt of Surgery, Children’s Memorial
Hospital, Northwestern University Feinberg School of Medicine

Jennifer A. Daru, MD, Instructor Clinical, Department of Pediatrics, Children’s Memorial
Hospital, Northwestern University Feinberg School of Medicine

Barbara J. Deal, MD, Professor, Department of Pediatrics, Division of Cardiology, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Ruth B. Deddish, MD, Associate Professor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Isabelle G. DePlaen, MD, Assistant Professor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Marissa deUngria, MD, Instructor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Kimberley J. Dilley, MD, Attending Physician, Division of Hematology/Oncology; Children’s
Memorial Hospital; Northwestern University Feinberg School of Medicine

Maria L.V. Dizon, MD, Instructor, Department of Pediatrics, Division of Neonatology, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Maria L. Dowell, M.D., Formerly: Fellow, Division of Pulmonary Medicine, Department of
Pediatrics, Children's Memorial Hospital, Northwestern University Feinberg School of Medicine

Cynthia Etzler Budek, RN, MS, CPNP, Pediatric Nurse Practitioner, Children’s Memorial
Hospital

Richard Evans III, MD, MPH, Professor Emeritus, Department of Pediatrics, Division of Allergy,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Wayne H. Franklin, MD, MPH, Associate Professor, Department of Pediatrics, Division of
Cardiology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Robert Garofalo, MD, MPH, Assistant Professor, Department of Pediatrics and Department of
Preventive Medicine; Division of General Academic Pediatrics; Northwestern University
Feinberg School of Medicine; Children’s Memorial Hospital

Mark E. Gerber, MD, Assistant Professor, Department of Otolaryngology, Division of
Otolaryngology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Mariana Glusman, MD, Instructor, Department of Pediatrics; Division of General Academic
Pediatrics; Children’s Memorial Hospital; Northwestern University Feinberg School of
Medicine

Stewart Goldman, MD, Associate Professor, Department of Pediatrics, Division of
Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Joshua L. Goldstein, MD, Assistant Professor, Department of Pediatrics, Division of Neurology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Denise M. Goodman, MD, MSec, Associate Professor, Department of Pediatrics, Division of
Critical Care Medicine, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Yasmin Gosiengfiao, MD, Fellow, Department of Pediatrics, Division of Hematology/Oncology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Thomas P. Green, MD, Professor and Chairman, Department of Pediatrics, Children’s Memorial
Hospital, Northwestern University Feinberg School of Medicine

Reema L. Habiby, MD, Assistant Professor, Department of Pediatrics, Division of Endocrinology,
Children's Memorial Hospital, Northwestern University Feinberg School of Medicine

Corinda M. Hankins, MD, Formerly: Fellow, Department of Pediatrics, Division of Pulmonary
Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine; Currently: Private Practice, Hood River, Oregon



CONTRIBUTORS XV

Maureen Haugen, RN, CPNP, Pediatric Nurse Practictioner, Department of Pediatrics, Division
of Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Denise T. Ibrahim, MD, Formerly: Fellow; Department of Orthopedic Surgery, Division of
Orthopedics, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine; Currently: private Practice, Southwest Orthopedics, Evergreen Park, Illinois

Preeti Jaggi, MD, Fellow, Department of Pediatrics; Division of Infectious Diseases, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Ronald J. Kallen, MD, Associate Professor, Clinical Department of Pediatrics, Division of
Kidney Diseases, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Howard M. Katzenstein, MD, Clinical Associate Professor, Department of Pediatrics, Division of
Hematology/Oncology, Children’s Health Care of Atlanta at Egleston, Emory University School
of Medicine

Rae-Ellen W. Kavey, MD, MPH, Professor, Department of Pediatrics, Division of Cardiology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Kent R. Kelley, MD, Assistant Professor, Department of Pediatrics, Division of Neurology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Janine Y. Khan, MD, Assistant Professor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Jennifer S. Kim, MD, Fellow, Department of Pediatrics, Division of Allergy, Children’s Memorial
Hospital, Northwestern University Feinberg School of Medicine

Marisa S. Klein-Gitelman, MD, Assistant Professor, Department of Pediatrics, Division of
Immunology/Rheumatology, Children’s Memorial Hospital, Northwestern University
Feinberg School of Medicine

Morris Kletzel, MD, Professor, Department of Pediatrics, Division of Hematology/Oncology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Rohit Kohli, MD, Fellow, Department of Pediatrics, Division of Gastroenterology, Hepatology
and Nutrition, Children’s Memorial Hospital, Northwestern University Feinberg of Medicine

Kristen Koridek, BS, RRT, Department of Pediatrics, Division of Allergy, Children’s Memorial
Hospital, Northwestern University Feinberg School of Medicine

Praveen Kumar, MD, Assistant Professor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Rajesh Kumar, MD, MPH, Assistant Professor, Department of Pediatrics, Division of Allergy,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Oren J. Lakser, MD, Assistant Professor, Department of Pediatrics,; Division of Pulmonary
Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Jerome C. Lane, MD, Assistant Professor, Department of Pediatrics, Division of Kidney
Diseases, Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Craig B. Langman, MD, Professor, Department of Pediatrics, Division of Kidney Diseases,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Janice B. Lasky, MD, Assistant Professor, Department of Ophthalmology, Division of
Ophthalmology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Linda C. Laux, MD, Assistant Professor, Department of Pediatrics, Division of Neurology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

John Lavigne, PhD, Professor, Department of Psychiatry and Behavioral Science and Department of
Pediatrics, Child and Adolescent Psychiatry, Children’s Memorial Hospital, Northwestern
University Feinberg School of Medicine

Steven O. Lestrud, MD, Instructor, Department of Pediatrics, Division of Critical Care Medicine,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

B UK. Li, MD, Professor, Department of Pediatrics, Division of Gastroenterology, Hepatology
and Nutrition, Children’s Memorial Hospital, Northwestern University Feinberg of Medicine



xvi

CONTRIBUTORS

Laurie MacDonald, MD, Formerly: Fellow; Department of Pediatrics, Division of
Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg School
of Medicine; Currently: Private Practice, Forsyth Pediatrics, Kernersville, North Carolina

Anthony J. Mancini, MD, Associate Professor, Department of Pediatarics, Division of
Dermatology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Lisa A. Martin MD, MPH, Assistant Professor of Pediatrics, Loyola University, Stritch School of
Medicine, Maywood, IL

Suzan S. Mazor, MD, Instructor, Department of Pediatrics, Division of Emergency Medicine,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Susanna A. McColley, MD, Associate Professor, Department of Pediatrics, Division of Pulmonary
Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Kathleen McKenna, MD, Department of Psychiatry and Behavioral Science and Department of
Pediatrics, Child and Adolescent Psychiatry, Children’s Memorial Hospital, Northwestern
University Feinberg School of Medicine

Wes McRae, MD, Assistant Professor, Department of Pediatrics, Division of Neurology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Karen K.L. Mestan, MD, Instructor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Marilyn B. Mets, MD, Professor, Department of Ophthalmology, Division of Ophthalmology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Michael L. Miller, MD, Associate Professor, Department of Pediatrics, Division of
Immunology/Rheumatology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Elaine R. Morgan, MD, Associate Professor, Department of Pediatrics, Division of
Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Jill Nelson, MD, Fellow, Department of Pediatrics, Division of Dermatology, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Mary A. Nevin, MD, Fellow, Department of Pediatrics, Division of Pulmonary Medicine,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Kelly Newhall, MD, Fellow, Department of Pediatrics, Division of Allergy, Children’s Memorial
Hospital, Northwestern University Feinberg School of Medicine

Zehava L. Noah, MD, Associate Professor, Department of Pediatrics, Division of Critical Care
Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Lauren M. Pachman, MD, Professor, Department of Pediatrics, Division of
Immunology/Rheumatology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Elfriede Pahl, MD, Professor, Department of Pediatrics, Division of Cardiology, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Amy S. Paller, MD, Professor, Department of Pediatrics, Division of Dermatology, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Jonathan M. Pochyly, PhD, Instructor, Department of Psychiatry and Behavioral Sicence, Child
and Adolescent Psychiatry, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Jacqueline A. Pongracic, MD, Associate Professor, Department of Pediatrics, Division of Allergy,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Nicolas F.M. Porta, MD, Assistant Professor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Elizabeth C. Powell, MD, MPH, Associate Professor, Department of Pediatrics, Division of
Emergency Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School
of Medicine



CONTRIBUTORS X Vil

Sally L. Reynolds, MD, Associate Professor, Department of Pediatrics, Division of Emergency
Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

David G. Ritacco, MD, PhD, Assistant Professor, Department of Pediatrics, Division of
Neurology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Ranna A. Rozenfeld, MD, Assistant Professor, Department of Pediatrics, Division of Critical Care
Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Sandra M. Sanguino, MD, MPH, Assistant Professor, Department of Pediatrics; Division of
General Academic Pediatrics; Children’s Memorial Hospital; Northwestern University Feinberg
School of Medicine

John F. Sarwark, MD, Professor, Department of Orthopedic Surgery, Division of Orthopedics,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Robert L. Satcher, MD, PhD, Assistant Professor, Department of Orthopedic Surgery, Division of
Orthopedics, Children’s Memorial Hsopital, Northwestern University Feinberg School of
Medicine

H. William Schnaper, MD, Professor, Department of Pediatrics, Division of Kidney Diseases,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Timothy A. Sentongo, MD, Assistant Professor, Department of Pediatrics, Division of
Gastroenterology, Hepatology and Nutrition, Children’s Memorial Hospital, Northwestern
University Feinberg of Medicine

Malika D. Shah, MD, Fellow, Instructor, Department of Pediatrics, Division of Neonatology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Raed Shatnawi, Fellow, Department of Ophthalmology, Children’s Memorial Hospital,
Northwestern University Feinberg School of Medicine

Stephen H. Sheldon, DO, Associate Professor, Department of Pediatrics, Division of Pulmonary
Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Horace E. Smith, MD, Instructor, Clinical, Department of Pediatrics, Division of
Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

David M. Steinhorn, MD, Associate Professor, Department of Pediatrics, Division of Critical
Care Medicine, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Lisa M. Sullivan MD, Fellow, Division of Allergy, Rush Medical Center, Chicago, IL.

Shikha S. Sundaram, MD, Fellow, Department of Pediatrics, Division of Gastroenterology,
Hepatology and Nutrition, Children’s Memorial Hospital, Northwestern University Feinberg of
Medicine

Bhanu Sunku, MD, Fellow, Department of Pediatrics, Division of Gastroenterology, Hepatology
and Nutrition, Children’s Memorial Hospital, Northwestern University Feinberg of Medicine

Charles N. Swisher, MD, Associate Professor, Department of Pediatrics, Division of Neurology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Robert R. Tanz, MD, Professor of Pediatrics, Director, Diagnostic and Consultation Services,
Department of Pediatrics, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Alexis A. Thompson, MD, MPH, Associate Professor, Department of Pediatrics, Division of
Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Jacquie Toia, RN, MS, ND, CPNP, Pediatric Nurse Practitioner, Department of Pediatrics,
Division of Hematology/Oncology, Children’s Memorial Hospital, Northwestern University
Feinberg School of Medicine

Rebecca Unger, MD, Assistant Professor, Clinical, Department of Pediatrics, Northwestern
University Feinberg School of Medicine



XVIlI  CONTRIBUTORS

Annette M. Wagner, MD, Assistant Professor, Department of Pediatrics, Division of
Dermatology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Mark S. Wainwright, MD, PhD, Assistant Professor, Department of Pediatrics, Division of
Neurology, Children’s Memorial Hospital, Northwestern University Feinberg School of
Medicine

Heather J. Walter, MD, Associate Professor, Department of Psychiatry and Behavioral Science,
Child and Adolescent Psychiatry, Children's Memorial Hospital, Northwestern University
Feinberg School of Medicine

David O. Walterhouse, MD, Associate Professor, Department of Pediatrics, Division of
Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Kendra M. Ward, MD, Fellow, Department of Pediatrics, Division of Cardiology, Children’s
Memorial Hospital, Northwestern University Feinberg School of Medicine

Constance M. Weil, PhD, Assistant Professor, Department of Psychiatry and Behavioral Science,
Child and Adolescent Psychiatry, Children's Memorial Hospital, Northwestern University
Feinberg School of Medicine

Joanna L. Weinstein, MD, Instructor, Department of Pediatrics, Division of
Hematology/Oncology, Children’s Memorial Hospital, Northwestern University Feinberg
School of Medicine

Gretchen Wieck, MD, Previously: Fellow, Department of Pediatrics, Division of Neurology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine;
Currently: Private Practice, Chicago, Illinois

Gwendolyn M. Wright, MD, Instructor, Department of Pediatrics; Division of General Academic
Pediatrics; Children’s Memorial Hospital; Northwestern University Feinberg School of
Medicine

Peter Zage, MD, Fellow, Department of Pediatrics, Division of Hematology/ Oncology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine

Donald L. Zimmerman, MD, Professor, Department of Pediatrics, Division of Endocrinology,
Children’s Memorial Hospital, Northwestern University Feinberg School of Medicine



PREFACE

In Just the Facts in Pediatrics, we have attempted to create a book that will ful-
fill the needs of several groups of medical professionals. Medical students, res-
idents, and specialty fellows, as well as pediatricians, nurses, practitioners, and
other child health providers require rapid access to a broad base of pediatric
knowledge to develop complete differential diagnoses and comprehensive
treatment plans. Additionally, recertifying pediatricians are seeking a concise,
but comprehensive pediatric knowledge base for review and self-study.

We hope that the content and the format are helpful in meeting these needs.
The organization of the book was designed to make the process of finding
information as straightforward and as intuitive as possible. In addition, a sep-
arate section on common office problems and pediatric emergencies was added
to facilitate access to readers interested in specific information in those
common situations.

We want to express our gratitude and appreciation to the individuals whose
work and commitment made this project possible. First, we relied almost
exclusively on the physician faculty of Children’s Memorial Hospital as sec-
tion editors and authors. Their collective expertise, displayed in their chapters,
reflects on their love of children and the science of pediatrics, as well as the
collective pride we feel for this great institution. Our editors at McGraw Hill,
Jim Shanahan and Michelle Watt were understanding, supportive, expert, and,
above all, patient. Finally, Diana Vires brought her skills, persistence, and
always positive demeanor to pull us through to the finish.

We welcome your comments and suggestions so that future editions are
more accurate and helpful to all that are committed to the health of children.

Copyright © 2005 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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Section 1

PRINCIPLES OF PEDIATRIC CARE

Robert Tanz, Section Editor

! GROWTH AND NORMAL
NUTRITION
Lisa A. Martin

GROWTH PARAMETERS

* Monitoring a child’s growth is a key part of a nutri-
tional assessment. Growth parameters should be mea-
sured and plotted at each health care visit. Growth charts
for age and sex were updated in 2000 and can be found
on the Centers for Disease Control and Prevention,
(CDC) website (www.cdc.gov/growthcharts).

* During infancy (birth to 2 years), recumbent length
should be measured. After a child can stand inde-
pendently (between the ages of 2 and 3 years), height
may be measured while the child is not wearing
shoes. A child whose height is less than the Sth per-
centile for age and sex has short stature, which may
be a result of malnutrition, chronic illness, or delayed
skeletal maturation.

* An infant’s weight should be obtained while naked,
and an older child should be dressed in underwear or
a lightweight hospital gown.

* Weights and lengths of premature infants should
be corrected for gestational age until 24 months of
age.

* Special growth charts should be used for infants and
children with the following conditions: Down syn-
drome, Turner syndrome, achondroplasia, and Noonan
syndrome.

* A child’s weight alone may be insufficient to deter-
mine whether he/she is normal weight, overweight or
underweight; therefore, a measure of weight-for-
height should also be evaluated. For infants (birth to
36 months), weight-for-length may be plotted. For

older children (2-20 years), body mass index (BMI)-
for-age charts are found on the reverse side of the
height and weight charts. The formula for calculating
BMI is shown below:

_ Weight (kg)

BMI =— =
Height (m)~

A BMI greater than the 95th percentile for age repre-
sents overweight status, and a BMI between the 85th
and 95th percentiles indicates that a child is at risk for
becoming overweight. A BMI less than the 5th per-
centile for age represents underweight status.

BMI typically changes with age, decreasing after the
first year of life. After it reaches its nadir, typically
between 4 and 6 years of life, BMI gradually increases
through childhood and adolescence to reach adult
levels. This phenomenon is known as adiposity
rebound. Having an early adiposity rebound (i.e.,
before the age of 3 years) places a child at higher risk
for being overweight as an adult, regardless of parental
BMI or child’s BMI at adiposity rebound. It is crucial
to monitor BMI-for-age closely. The American
Academy of Pediatrics (AAP) recommends that health
care providers calculate and plot BMI yearly for all
children and adolescents.

Head circumference should be obtained for all chil-
dren through the age of 2 years. Children with head
circumferences less than the 5th percentile, greater
than the 95th percentile, or a rapidly increasing head
circumference may require further medical evaluation
or imaging studies.

RED FLAG

* Infants whose height or weight decreases more than
two percentile tracks merit detailed histories and
physicals to detect nutritional or medical problems.

Copyright © 2005 by The McGraw-Hill Companies, Inc. Click here for terms of use.
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INFANTS (BIRTH TO 1 YEAR)
GROWTH

* Infants usually regain their birth weight within the
first 2 weeks of life. During early infancy, they typi-
cally gain 5-7 oz/week and double their birth weight
by 4-6 months of age. Later in infancy, weight gain
velocity slows to about 3-5 oz/week.

* Infants typically grow approximately 1 in./month from
birth to 6 months of age and approximately 4 in./month
from 6 months to a year of age. During the first year of
life, infants gain about 50% of their length.

* During the first 6 months of life, infants require
110-120 kcal/kg/day for growth. By 1 year of age,
daily caloric needs decrease to ~100 kcal/kg.

BREAST MILK

* Breast milk is the optimal food for infants. Even if
breastfeeding lasts only a few weeks, the benefits are
numerous and include improved maternal-infant
bonding, decreased gastroesophageal reflux, and
decreased frequency of a variety of infections (includ-
ing otitis media) because of the transfer of maternal
immunoglobulins.

Breast milk contains, on average, 20 kcal/oz.
Colostrum, which is produced during the first 1-4 days
of life, is extremely protein-rich and has a high con-
centration of immunoglobulins. Hindmilk has a higher
fat content than foremilk, and is about 24 kcal/oz.
Breast milk provides all of an infant’s caloric needs
until about 6 months of age. Solid foods should be
introduced at that time.

Infants who are exclusively breastfed should receive a
daily vitamin supplement. Maternal vitamin D levels
may be inadequate to provide sufficient levels to the
infant. Vitamin B, levels may be insufficient in

TABLE 1-1 Composition of Common Infant Formulas

infants whose mothers are strict vegetarians and take
no vitamin B,, supplements. Fluoride supplementa-
tion is usually unnecessary, unless the local water
supply contains less than 0.3 ppm of fluoride.
* Contraindications to breastfeeding include
1. Certain inborn errors of metabolism, such as galac-
tosemia
2. Maternal infections (such as human immunodefi-
ciency virus [HIV]) that can be transmitted
through human milk
3. Mothers who are undergoing chemotherapy or
receiving other drugs that are excreted through
human milk
* Breastfeeding should be interrupted under the follow-
ing circumstances:
1. Active tuberculosis
2. Herpes lesions on the breast
3. Untreated syphilis
» Expressed breast milk should be refrigerated for no
more than 48 hours. It may also be stored in the
freezer for up to 3—6 months. Thawed breast milk may
not be refrozen.

INFANT FORMULAS

* Infant formulas are suitable alternatives for those fam-
ilies who cannot, or choose not to, breastfeed. A vari-
ety of formulas are available, including cow’s milk
based (e.g., Similac or Enfamil), soy based (e.g., Isomil
or Prosobee), whey hydrolysate based (e.g., Good
Start), or casein hydrolysate based (e.g., Alimentum
or Pregestimil). Table 1-1 lists the composition of
common infant formulas.

* The long-chain fatty acids docosahexaenoic acid
(DHA) and arachadonic acid (AA) are found in breast
milk and were recently added to several formulas.
DHA is the major omega-3 fatty acid of retinal tissue,
and AA is the major omega-6 fatty acid of other

FORMULA PROTEIN CARBOHYDRATE LIPID

Cow’s milk Whey and casein Lactose Soy, coconut and
(Similac, Enfamil) safflower oil

Soy Soy Sucrose or Safflower, coconut, soy, palm
(Isomil, Prosobee) corn syrup olein, and sunflower oil

Whey hydrolysate Whey hydrolysate Lactose Palm olein, soy, coconut, and
(Good Start) safflower oil

Casein hydrolysate Casein hydrolysate Sucrose or Variable—includes
(Alimentum, Pregestimil, corn syrup safflower, soy, MCT, oil
Nutramigen)

Elemental Free amino acids Corn syrup Safflower, coconut, and
(Neocate) soy oil
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TABLE 1-2 Higher Calorie Formula

CONCENTRATE POWDER
TOTAL POWWDER TOTAL
CALORIES/OZ  CONCENTRATE (OZ)  WATER (OZ) FORMULA (OZ) (SCOOP) WATER FORMULA (OZ)

20 1 1 2 1 20z 2

13 (1 can) 13 26
24 3 2 5 3 To the 5 oz line 5

13 (1 can) 9 22
27% 2 1 3 3 To the 44 oz line 41

13 (1 can) 6 19

* Increasing caloric density above 24 kcal/oz may lead to intolerance because of the increased osmolality and renal solute load.

neural tissue. There is some evidence that infants fed
formula with added DHA and AA have improved
developmental outcomes compared to infants fed for-
mula without the added long-chain fatty acids.

* Infant formulas are available in three preparations.

1. Ready to feed: No additional water needed
2. Concentrate: Mix 1 oz of formula with 1 oz of water
3. Powder: Mix 1 scoop of formula with 2 oz of water

* Breast milk and all standard infant formulas contain
20 kcal/oz. Higher calorie formula (24 or 27 kcal/oz)
can be made by adjusting the amount of water mixed
with concentrate or powder (Table 1-2).

* Infant formulas may be prepared in advance and
refrigerated. Bottles of formula may be warmed, but
avoid warming in a microwave in order to prevent
uneven heating. Formula should not remain at room
temperature for more than 2 hours. Open containers
of ready-to-feed or concentrated formula should be
refrigerated and used within 48 hours. Refrigerated
bottles of formula prepared from powder should be
consumed within 24 hours. Opened cans of formula
powder must be kept in cool, dry places (not refrig-
erators).

* Generic or store brand versions of cow’s milk and soy
formulas are also available and are suitable options
for families that cannot or do not wish to spend as
much money on formula. The quality of all commer-
cially prepared infant formulas is regulated by the
United States Food and Drug Administration; quality
is not sacrificed because of lower price.

CHANGING FORMULAS

* Some infants may have IgE-mediated or non-
immune-mediated reactions to the proteins in cow’s
milk formulas. Symptoms of IgE-mediated reactions
have a rapid onset and include wheezing, hives,
angioedema, and anaphylaxis. Non-immune-mediated

reactions are more common and have a more gradual

onset. Non-immune-mediated symptoms include

loose stools (which may or may not be bloody), vom-
iting, and failure to gain weight.

1. Most infants demonstrate some degree of spitting
up. Health care providers should avoid switching
formulas for emesis unless weight gain is affected.

2. Thirty to 40% of infants with cow’s milk protein
allergies will also have reactions to soy formulas. If
a cow’s milk protein allergy is suspected, then
health care provider should recommend a switch to
a casein or whey hydrolysate formula. If the infant
cannot tolerate a hydrolysate formula, then a free
amino acid formula is recommended.

Other types of infant formula are available, but they

may not be medically indicated.

1. Primary lactose intolerance is exceedingly rare
among infants, and secondary lactose intolerance
usually occurs later in childhood. Lactose-free
cow’s milk formulas are also advertised to con-
sumers as beneficial during bouts of diarrhea and
the subsequent recovery; however, it is rarely nec-
essary to switch to a lactose-free formula until the
infant is severely dehydrated. The AAP’s
Committee on Nutrition has stated, “Most previ-
ously well infants with acute gastroenteritis can be
managed after rehydration with continued use of
human breast milk or standard dilution of cow
milk-based formulas.”

2. Low iron formulas are given to some infants to pre-
vent constipation. This is a myth, and the iron con-
tent of these formulas (0.7 mg Fe/5 oz of formula
vs. 1.8 mg Fe/5 oz of regular formula) is insuffi-
cient for infants.

Infants should not be switched to whole cow’s milk

before 1 year of age because of an increased likeli-

hood of developing a cow’s milk protein allergy as
well as the chance of developing iron-deficiency
anemia because of microscopic blood loss in stool.
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SOUD FOOD

* Solid foods may be introduced at ~4 months of age.
To succeed at eating off a spoon, an infant must be
able to sit with support, have sufficient head and neck
control, and demonstrate coordinated sucking and
swallowing.

* Iron-fortified, single grain cereal (such as rice cereal)

is a good first solid food because it is less likely to

cause allergic reactions.

1. Caregivers should avoid adding rice cereal directly
to bottles of breast milk or formula as this may lead
to excess weight gain. The addition of rice cereal
to the bottle (1-2 tsp of rice cereal/oz of formula)
is appropriate for infants with significant gastro-
esophageal reflux.

2. Start by mixing a small amount of cereal with
breast milk or formula in a bowl to keep the con-
sistency thin, and then offer the mixture to the
infant with a baby spoon. When tolerated, gradu-
ally increase the thickness of the cereal.

Several attempts may be needed before the infant can

successfully eat off a spoon. Many infants will thrust

their tongues out of their mouths and push solid foods
out when first trying to eat off a spoon.

When fortified cereals are tolerated, caregivers may

introduce pureed or soft fruits or vegetables.

1. Introduce new foods one at a time at least 5 days
apart in order to more readily identify foods that
cause an allergic reaction.

2. The order in which new foods are introduced is not
significant, but caregivers must pay close attention
to make sure that the consistency of foods is appro-
priate. Infants without molars should not be
offered foods that must be ground in the mouth
before swallowing.

3. Foods rich in vitamin C promote the absorption of
iron.

4. Egg whites are more allergenic than egg yolks and
should not be introduced before 1 year of age; egg
yolks may be introduced a few months earlier. If a
child has a strong family history of atopy or food
allergies, families should opt to further delay the
introduction of eggs.

Infants should not be forced to eat foods that they do

not immediately like. Up to 20 exposures to a food

may be necessary before an infant accepts a new food
because of its taste or texture.

Honey should not be used to sweeten infant foods

because of the risk of botulism. Honey is not pasteur-

ized, and only a few spores are needed to affect
infants.

* Infants should be offered developmentally appropriate

foods. Finger foods such as crackers or small pieces

of soft food should be given when infants can pick up
and hold food. Parents should avoid giving foods that
are hard, smooth, or difficult to chew because of the
risk of choking or aspiration.

RED FIAG

* Infants who have difficulty transitioning to foods with
more complex textures may require referral to a speech
therapist for a more thorough feeding evaluation.

FEEDING ROUTINES

* Young infants may require feedings every 1> to
2 hours. After birth, they should be allowed to feed on
demand, but they should not be allowed to go more
than 4 hours without feeding during the first month of
life.

* The volume of breast milk or formula needed each
day to ensure growth varies from infant to infant.
Infants should be fed when they are hungry, and they
should be fed until they are full.

1. Hunger cues include rooting, crying, grimacing,
and placing hands in the mouth.

2. Satiety cues include closing the mouth, turning
away from the breast or bottle, and falling asleep.

3. Breastfeeding infants should nurse at least 10-20
minutes per breast per feed and demonstrate audi-
ble swallowing. Mothers should feel milk letdown
but not painful engorgement.

4. Other evidence that infants are consuming suffi-
cient amounts include >5 wet diapers each day and
adequate weight gain.

* Infants should be burped at least once after each feed,
and some also need to be burped during feeds.
Burping can be facilitated by gently rubbing or patting
the infant’s back while the infant is seated on the care-
giver’s lap or resting over the caregiver’s shoulder or
chest.

* It is not necessary to give young infants water or juice
to quench their thirst. Breast milk or formula will pro-
vide necessary fluid. Infants’ kidneys may not be able
to adequately regulate sodium if excessive water is
given. Many infants each year suffer hyponatremic
seizures because of inappropriate formula dilution or
water intake.

* Small amounts of prune or pear juice (1-2 oz/day)
may be given to infants with constipation (i.e., small,
hard, pebble-like stools, not soft, infrequent stools).

* Infants should never be put to bed while drinking bot-
tles. The high sugar content of juice, formula, and
milk promotes early dental caries, even in infants
whose teeth have yet to break through the gum.
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* Bottles should not be automatically offered to crying
infants. Infants have a need for nonnutritive sucking
and may be consoled by sucking on pacifiers, fingers,
or other objects.

* When an infant begins to eat solid foods, he/she
should be placed in a high chair during the family
meal. This provides the infant with models to demon-
strate utensil use and consumption of a variety of
foods. Distractions such as television or videotapes
should be minimized.

* Parents should be reminded that appropriate portion

sizes for infants can vary widely. Many infants eat only

a few teaspoons of solid foods per meal at first. It may

be months before an infant finishes an entire jar of baby

food. Other infants readily enjoy baby food and do not
necessarily need to be limited to one jar per meal.

Older infants should receive two to three snacks each

day and should be allowed to drink out of a cup with

assistance. When a child can hold a cup, he/she should
be weaned from bottles.

Most infants spit up during or after some feedings. For

those infants whose weight gain velocity is suboptimal

or who demonstrate signs of oral aversion (e.g., arching
the back, turning away from the spoon or bottle), gas-
trointestinal reflux precautions should be implemented.
1. Thicken breast milk or formula with rice cereal
(1-2 tsp cereal/oz).

2. Burp infants frequently during and after feeds.

3. Keep the infant in a seated position for at least
30 minutes after feeding.

4. Elevate the head of the infant’s bed to a 30° angle.

TODDLERS AND YOUNG CHILDREN
(1-5 YEARS)

GROWTH

* A child’s growth velocity slows significantly around
the first birthday.

e Children usually triple their birth weight by their first
birthday and quadruple their birth weight by about
2 years of life. Children gain about 4!/ to 6'/2 b each
year between ages 2 and 5.

* Children grow about 2!/ to 3'/2 in. each year between
ages 2 and 5.

* Small growth spurts are common.

e It is crucial to start calculating and plotting BMI at
this time to look for early adiposity rebound.

RED FLAG

» Children whose BMI nadir occurs before the age of
3 are at higher risk of becoming overweight adults.

EATING PATTERNS

* A child’s desire to become more independent during
early toddlerhood frequently leads to struggles with
parents at mealtime. Many children are more inter-
ested in playing and exploring their environment than
with eating, which may lead to parental concern that
their child’s consumption is insufficient.

* Many parents complain that their children are “picky
eaters.” For most children, this is normal. Few tod-
dlers eat well at all meals, yet most will consume an
appropriate variety of foods over time.

* Young children frequently cycle through favorite
foods, eating them almost exclusively before tiring of
them. Parents should be counseled that most children
will again accept these foods if reintroduced at a later
time.

* Parents should offer three meals and two to three
snacks each day, making sure to offer a variety of
developmentally appropriate foods.

*» At least 2 hours should pass between feedings. If chil-
dren are allowed to “graze,” or snack more frequently,
they often are not hungry at meal time.

RED FLAGS

* Toddlers who are not eating foods with complex textures,
such as meats or stews, should be referred to a speech
therapist for an oromotor assessment. Some children
with very specific food preferences may also exhibit
other behaviors suggesting a pervasive developmental
disorder; thus, a complete developmental screening is
indicated.

Children with pica are at high risk of iron-deficiency
anemia and lead toxicity.

Although young children typically prefer a more limited
variety of foods than adults, health care providers must
ensure that a child’s food choice is not excessively limited.

FOOD SELECTION

* At 1 year of age, children may be given whole milk.
Low fat (2%, 1%, or skim) milk should not be intro-
duced until 2 years of age in order to optimize neu-
ronal development.

* Daily milk intake should be limited to 16-24 oz/day
to decrease the risk of iron-deficiency anemia.

* Intake of sugary drinks, including juice, should be lim-
ited. A small cup of juice (4-6 oz) at breakfast is suf-
ficient. Drinking large quantities of juice, soda, or fruit
punch places children at high risk for becoming over-
weight. Encourage children to drink water instead.
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* Young children remain at high risk for choking and
should only eat foods such as hot dogs, popcorn, nuts,
and grapes while supervised closely.

* A multivitamin supplement may be given to ensure
adequate intake of vitamins. Many parents incorrectly
believe that vitamin supplements will increase appetite.

MEAL STRUCTURE

* Children should sit at the table in a high chair or a
chair with a booster seat.

* Parents should eat at the table with their children to
provide models for good eating behavior.

* Finger foods and child-sized utensils are ideal.

* Young children are often messy eaters. They enjoy
touching and playing with their food. Some families
may prefer to place a plastic drop cloth under their
children’s high chairs to expedite cleaning. Parents
should be encouraged to wait until after dinner to
bathe their children.

* Parents must avoid nagging their children to eat. If
they engage in battles with their children over food,
they will lose.

* Do not use desserts or sweets as a reward for eating
other foods.

* Televisions and videotapes should be turned off to
minimize distractions.

PHYSICAL ACTIVITY

* Parents should encourage their children to be physi-
cally active at a very early age to prevent overweight
later in life.

* Games requiring active movement, such as tag, skip-
ping, and kicking a ball, are appropriate.

* Television and video game time should be limited to
less than 2 hours per day.

SCHOOL-AGED CHILDREN
(5-10 YEARS)

GROWTH

e Children gain about 7 1b and grow about 2'4 in. each
year.
* Small, periodic growth spurts are common.

FOOD SELECTION

¢ Older children should have three meals and one to two
snacks each day. Parents should discourage their chil-
dren from skipping meals, particularly breakfast.

* Portion sizes should gradually be increased, and chil-
dren should not be encouraged to eat all the food on
their plates if they feel full.

* Involving children in the selection and preparation of
meals helps to teach them about healthy choices,
which is important since they are spending more time
away from home.

* Like toddlers, school-aged children like fewer foods
than adults and may require several exposures to new
foods before accepting them.

* If possible, send a healthy lunch from home instead of
choosing a school lunch.

* Parents should be aware of what snacks are provided
at after-school activities. If necessary, send a healthier
alternative from home.

* Parents should avoid designating “forbidden” foods.
Even high-fat foods may be eaten in moderation.
Placing excessive restrictions on foods makes them
more tempting, and children will seek them out when
away from home.

* Foods rich in iron and calcium are essential.

1. Iron rich foods include red meat, salmon, legumes,
and dried fruits.

2. Dairy products are excellent sources of calcium.
For children who do not like or cannot tolerate
milk, many other foods, such as orange juice, are
now fortified with calcium. Calcium chews or
Tums are other alternatives.

PHYSICAL ACTIVITY

* Since physical education is no longer a daily require-
ment in many schools, children should be encouraged
to find other ways of being active, such as organized
sports or dance classes.

* Being involved in many activities does not necessarily
ensure that a child is active. Parents should be aware
of the amount of time their children spend sitting or
standing idly during organized activities.

* Parents should incorporate physical activity for the
entire family. This does not have to be time-consuming
and can include the following small changes:

1. Taking a daily evening walk.

2. Always parking at the far end of parking lots to
include a small amount of extra walking.

3. Taking stairs rather than escalators or elevators, or
riding the elevator part of the way and finishing on
the stairs.

4. Getting off the bus two or three stops early and
walking the remainder of the way.

5. Doing jumping jacks, sit-ups or jogging in place
during commercials when watching television.

* “Screen time” in front of televisions, computers, and
video games should be limited to no more than 2 hours
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each day. Children should be encouraged to complete
their homework and engage in some sort of physical
activity before screen time is granted.

ADOLESCENTS (10 YEARS AND OLDER)
GROWTH

* Adolescence is marked in both boys and girls by a
significant linear growth spurt and gain of about 50%
of adult weight.

* Girls typically experience their linear growth spurt
during early adolescence (11-14 years) and complete
linear growth about 1-2 years after menarche.

* Boys undergo their linear growth spurt and gain in
muscle mass during middle adolescence (1517 years).

FOOD CHOICES

* Adolescents have increasing independence related to
food choices and may eat the majority of their meals
away from home; however, their parents should still be
encouraged to provide healthy food choices at home.

» All adolescents should be encouraged to eat three
meals and a snack each day. Skipping meals and severe
caloric restriction frequently lead to binge overeating.
Failure to eat breakfast can hinder school performance.

* Adolescents who select a vegan or vegetarian lifestyle
may consume an inadequate variety of nutrients, par-
ticularly vitamin B, ,, iron, and calcium.

* Health care providers should enquire about fad diets
or nutritional supplements to ensure that nutrient
intake is neither insufficient nor excessive.

» Menstruating adolescents are at risk of iron-deficiency
anemia and should be encouraged to eat foods high in
iron (e.g., red meat, shellfish, leafy greens, legumes, or
iron-enriched pasta) or to take an iron supplement.

* Peak bone density is reached during the mid-twenties,
so adolescents should be encouraged to take in ade-
quate calcium. Good sources of calcium include milk,
cheese, yogurt, and calcium-enriched orange juice
and bread. If dietary calcium intake is insufficient,
adolescents may take a daily calcium supplement.

* The intake of carbonated beverages by adolescent
girls should be limited because increased consump-
tion is associated with a higher risk of bone fractures.

» Excessive caffeine intake may cause palpitations,
polyuria, and withdrawal headaches.

PHYSICAL ACTIVITY

* Many adolescents do not have daily physical education
class. They should be encouraged to engage in at least
30 minutes of vigorous physical activity each day.

* “Screen time” in front of televisions, computers, and
video games should be limited to no more than 2
hours each day.
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2 PEDIATRIC HISTORY
AND PHYSICAL

Kimberley Dilley and Sandra Sanguino

GENERAL PRINCIPLES

* The pediatric history and physical examination is
unique since the majority of information is not
obtained directly from the patient.

* It is important to include the patient during the history,
addressing conversation and questions even to very
young children.

* As with any specialty, it is also important to ensure
adequate communication with the patient and family
in whatever language is most comfortable for them.
This includes the use of trained interpreters. Use of
family members to interpret should be avoided if at all
possible. Also, the use of written communication for
those who sign should be avoided as American Sign
Language has a much different vocabulary and syntax
from spoken English.

* The pediatric history is similar to the adult history in

that you need to elicit the history of present illness,

past medical history, and social history. There are,
however, many unique aspects of the pediatric history
such as birth history and developmental history.

Performing the physical on a young patient can often

be a challenge. It may be necessary to conduct por-

tions of the physical examination on the parents’ lap if
the child is easily upset.
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* If a young child is calm or easily distracted early in
the encounter, it is usually prudent to elicit the current
complaint, then to start with the cardiac and lung
examination, finishing the complete history during the
remainder of the examination or after the examination
is complete.

HEALTH SUPERVISION
RECOMMENDATIONS

* The American Academy of Pediatrics (AAP) has spe-
cific guidelines for assessments, anticipatory guidance,
and screening evaluations to be performed during well
child care at different ages. Please see the AAP policy
statement on health supervision for full recommen-
dations (Committee on Practice and Ambulatory
Medicine, 2000) and the AAP visit-by-visit description
of appropriate well child care published in the AAP
Guidelines for Health Supervision III (copyright 1998).
An integral portion of the health supervision visit is to
provide anticipatory guidance, which refers to provid-
ing counseling about what can be expected before the
next visit.

Anticipatory guidance regarding issues including but
not limited to sleep, introduction of new foods, behav-
ior and discipline, illness management, and safety are
an important part of pediatric care.

Anticipatory guidance is typically provided as spe-
cific topics are covered during the history.

Issues including developmental delays, psychosocial
problems, and chronic disease management will gen-
erally require additional visits separate from general
health supervision visits.

HISTORY OF PRESENT ILLNESS

» The HPI should be a chronologic story of the events
leading to the visit seeking care.

* Number of days prior to visit or actual dates should be
used because those reading the note later will not get
a clear picture of the time course if only days of the
week are used to express chronology.

* Any relevant past medical history should be included,
but a comprehensive list of all prior medical condi-
tions should be reserved for the past medical history.

PAST MEDICAL HISTORY

e Birth history is important, especially for children
younger than 1 year of age. Details of pregnancy
include any prenatal illnesses or treatments. Mother’s
group B beta Streptococcus status should always be
included, if known. Details of delivery include mode of

delivery, gestational age of the infant at delivery, any
complications, and the neonatal course for the infant.

* Any hospitalizations or surgeries as well as any major or
chronic illnesses in the child’s history should be elicited.

FEEDING HISTORY

At prenatal visits, breastfeeding should be encouraged.

* Infant feeding history includes breast or bottle, type of
formula, duration and/or amounts of feedings, and any
problems such as emesis or choking.

* Anticipatory guidance around feeding includes wait-
ing to start solids until at least 4 months of age. New
foods should be introduced one at a time with a few
days of observation for any adverse reactions. Also
important is the avoidance of foods with high aller-
genicity such as berries, eggs, and nuts.

* For toddlers, avoiding struggle over meals and avoid-
ing foods with choking hazard (peanuts, whole
grapes, and so on) are important.

* For older children, physicians should stress the impor-
tance of five fruits and vegetables per day as well as
reasonable portion sizes.

SLEEP HISTORY

* Infants should always be placed on their back (or side)
to sleep, never on their stomach. This practice has
greatly reduced the incidence of sudden infant death
syndrome.

* Important issues for infants include how long they
sleep at night and how often they are awakening for
feeds. Newborns will not generally sleep more than
about 4 hours without waking to eat, but this length of
time increases as they grow.

* Families who cosleep with their infants should be
counseled on the risk of suffocation. They should also
not use alcohol or other drugs that may impair their
ability to wake easily to the infant’s distress. Further,
it may be difficult to transition an infant who has been
cosleeping into their own bed after 3—4 months of age,
so parents should also be counseled to start early if
they intend to have their child cease cosleeping.

* As children grow, issues to be addressed include how to
transition a cosleeping child to his/her own bed, dealing
with nightmares or night terrors, and nighttime enuresis.

DEVELOPMENTAL HISTORY

* Assessment of a child’s development includes both pa-
rental report of milestones met at home and physician
observation of developmental progress on physical
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examination. Because early intervention is key to over-
coming developmental delays, formal developmental
testing should be performed early if there is any suspi-
cion for abnormal progression of development.

* Domains of development to be assessed include gross
motor development, fine motor control, cognitive func-
tioning, social interaction, and speech development.

BEHAVIORAL HISTORY

* Discipline methods used by caretakers as well as
parental perceptions of the child’s behavior are impor-
tant topics to cover.

» Toddlers should generally be distracted from danger-
ous or undesirable behaviors, with formal discipline
measures being implemented as children grow older.

* Spanking should be avoided, as should trying to
reason with a young child about why their behavior is
wrong. Firm and consistent application of household
rules should be encouraged.

MEDICATION HISTORY

* Always include any medications, including over-the-
counter drugs or alternative remedies, which the
patient has taken for this illness and on a regular basis.

* Medication history will also include any known
allergies to medications and the type of reaction ex-
perienced.

IMMUNIZATION HISTORY

e Immunization status should be assessed for children
of all ages.

* Documentation, such as a parent’s shot records or vac-
cination records from the primary care provider, should
be sought to verify compliance with the recommended
immunization schedule.

SAFETY HISTORY

* Guidance regarding safety and prevention of injuries is
a very important part of the pediatric encounter. Age-
appropriate safety screening should be done at all well
child care visits and as relevant at acute care visits.

* Major safety issues for infants include safe bedding
and emphasizing supine positioning to prevent sudden
infant death syndromes, proper use of car seats, home
safety such as water temperature below 120°F and
working smoke detectors, prevention of falls, safe
toys, and supervision around older children and pets.

* For toddlers, safe storage of weapons, installation of
safety devices such as drapery cord holders, avoid-
ance of walkers, avoidance of scald and burn risks,
safe foods to eat, and need for constant supervision
should be emphasized.

School age children should have stranger awareness
reinforced, use protective gear for biking or skating,
continue to use a booster seat until 8 years of age and
80 1b and always have supervision near water.

For adolescents, issues such as vehicle safety includ-
ing not to drink and drive also become important.
For complete recommendations of injury prevention
topics to address at specific ages, please see the AAP
Guidelines for Health Supervision III (copyright
1998) and the AAP Injury Prevention Program (TIPP)
(copyright 1994).

REVIEW OF SYSTEMS

* For young children, the review of systems primarily
will be able to assess any outward signs of illness
including fever, crying, changes in activity, changes in
elimination patterns, and any other indications of pain
or discomfort observed by the family.

* For older children, a complete review of systems

should attempt to elicit any symptoms in any organ

system from head to toe. Pertinent negatives should be
included in the written history.

In general, a focused review of systems with limited

organ system involvement is indicative of organic dis-

ease while a broadly positive review of systems could
indicate either a systemic illness or a psychosomatic
condition.

FAMILY HISTORY

* A family history should generally concentrate on first
degree relatives.

* Major illnesses in childhood should be sought as
should any chronic disease states in adults such as dia-
betes, hypertension, or hypercholesterolemia. Also of
interest would be any early deaths.

* Pertinent negatives should also be included in the
written family history.

* A pedigree diagram showing the relationship of
affected family members to the patient can be useful
when an inherited condition is suspected.

SOCIAL HISTORY

* A good opening question for social history is, “Tell
me who lives at home.”



10 SECTION 1 e PRINCIPLES OF PEDIATRIC CARE

* Ages and occupations of parents, the involvement of
extended family in care of the patient, and attendance
at daycare or school are all important.

Health habits of the family including smoking should
be addressed, and the dangers of secondhand smoke
exposure should be emphasized when relevant.
Pediatricians can offer smoking cessation assistance
to parents who desire to quit.

Other relevant family health habits include diet and
exercise patterns as the family will influence these
learned behaviors as children grow.

Exposure to pets and travel history should also be
taken as relevant to the current illness, as should any
exposure to others with similar symptoms.
Adolescents over the age of 12 and perhaps even
younger should always have some time alone with the
physician. Parents and siblings should step out of the
room, allowing time for the teen to discuss issues such
as sexual activity and drug use confidentially with the
doctor. Sensitive parts of the examination can be per-
formed with the parent present or absent, depending
on the adolescent’s wishes.

PHYSICAL EXAMINATION

* An important aspect of the pediatric examination is the
overall appearance of the child. A toddler who is smil-
ing and playful is not likely to be critically ill.
Conversely, if a normally happy and outgoing child is
withdrawn and quiet, something could be quite wrong.

» Age-appropriate interpretation of vital signs will often
require consultation of a table listing normal values by
age. Infants tend to have higher heart rates and respi-
ratory rates which approach adult normal values in
preschool age children. Blood pressure values are
lower in children and increase with age. Blood pres-
sure measurements are compared to normals based on
the child’s height and also based on measurements
taken in the upper extremities only.

* Growth parameters such as height and weight should
always be plotted on growth curves, the latest of
which are based on Centers for Disease Control and
Prevention (CDC) national reference data released in
2000. Interpretation of some weight-for-height measure
such as body mass index (BMI = weight in kg/height
in m?) should be performed routinely so that children
can be identified as underweight or at risk for over-
weight in order to target nutrition and physical activ-
ity counseling. Age-appropriate BMI charts (for
children >2 years of age) can be found on the reverse
side of the current CDC growth charts.

Infants less than 3 years of age should also have head

circumference plotted regularly.

* In general, after the first year of life children should
not cross more than one growth channel on the growth
chart for any of the parameters. Some variation may
occur over the first year as infants transition from pre-
natal growth parameters to their own potential, but dra-
matic changes should also raise a red flag for infants.

* Included in this chapter are a few key points to the
pediatric examination by system, but more complete
details of relevant findings can be found in chapters
targeting the specific organ systems.

GENERAL APPEARANCE

* It is generally not wise to begin the examination of a
young child from the top down as is often done for
older children and adults. Many infants will become
irate with the examination of the oropharynx and ears,
so these should be reserved for the end.

* Overall appearance of the child as mentioned previ-
ously is one important aspect of the neurologic exam-
ination, particularly for young children.

HEAD AND NECK

* The fontanelle is open in most children under about
18 months of age and should be felt for either bulging
indicating possibly elevated intracranial pressure or
for a sunken aspect indicating possible dehydration.

* Ophthalmologic examination in young infants includes
the presence or absence of a red reflex and the sym-
metry of the light reflex. Dilation is required for direct
observation of the retina and optic nerve. In older chil-
dren, cooperation may be attained in order to perform
fundoscopic examination without pupillary dilation.

» Assessment for lymphadenopathy is routine in chil-
dren, and parents should be reassured that small and
mobile nodes are common. Any erythema, induration,
or tenderness should be addressed.

* Inspection of the teeth should not be forgotten, and refer-
ral to a dentist for any observable caries is indicated.

CHEST

* As mentioned previously, it is generally prudent to per-
form this part of the examination first in young children.

» Examination findings of consolidation are often absent
in children, so an index of suspicion for pneumonia
must be maintained with fever and tachypnea alone.

* Cardiac examination should note any murmurs or
extra heart sounds and should include changes with
differing positions for cooperative patients.
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ABDOMEN

* This is also difficult in upset children and should be
performed early and with distraction when possible.

* Notation should be made of the quality of bowel
sounds, any palpable masses, whether the liver and
spleen are palpable, and any pain that is elicited.
Voluntary or involuntary guarding are often elicited
without the ability of a child to localize pain.

GENITOURINARY

* If any ambiguity in genitals is noted on newborn
examination, the pediatrician should avoid calling the
infant by either gender and should consult an
endocrinologist for assistance with determination of
genotype.

* For males, it is important to note whether the patient
is circumcised and whether both testes are palpable.

» Sexual maturity rating (also known as Tanner staging)
should be performed at all well child care visits in
order to catch any potential disruptions in normal
pubertal development.

EXTREMITIES

* Perfusion of extremities is generally commented on
with mention of pulses and capillary refill time.
Keep in mind that extremities may be poorly per-
fused in a well child in a cold room, so these find-
ings should be interpreted in light of the overall
examination.

SKIN

* Whenever possible, children should be completely
undressed and examined in a hospital gown, primarily
to allow for an adequate skin examination.

* In the face of neurologic or developmental abnormal-
ities, skin should be examined with a Wood’s lamp for
neurocutaneous findings which may not be apparent
in natural light.

* Rashes should be described by appearance as well as
distribution, and history from the caregiver about pro-
gression of the rash can also be helpful.

NEUROLOGIC EXAMINATION

* Assessment of primitive reflexes in infants helps to
assess development.

* Mental status, quality of speech, motor strength, deep
tendon reflexes, and gait analysis can all be helpful in
localizing any neurologic findings.

ASSESSMENT AND PLAN

* Any written note of a history and physical concludes
with an assessment of the patient’s diagnoses and the
plans for dealing with those diagnoses.

* The assessment should briefly include supportive evi-
dence including history, physical findings and diag-
nostic workup such as laboratory values, which are
supportive of the diagnosis. Discussion of possible alter-
nate diagnoses that are entertained is also appropriate.

¢ The plan should include mention of any treatments to
be provided as well as plans for follow-up.
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3  HEALTH SUPERVISION:
NEWBORN (LESS THAN
1 MONTH)

Barbara Bayldon

» Optimally the first physician visit for an infant will
follow a prenatal visit, but the first contact for the
family with the pediatrician may be in the hospital after
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delivery or following discharge. In any case the goals of
this visit should be to assess the patient, the patient’s
family environment, and support the family in adjusting
to the addition of a new member by giving anticipatory
guidance, explaining the practice’s structure and rules.
This is a chance to either continue or begin to foster a
partnership between the doctor and family toward opti-
mizing the health and development of the child. It is a
good idea on entering the room, to introduce oneself,
acknowledge all those in the room, and say congratula-
tions prior to the initiation of any interviewing.

THE HISTORY

* The physician may have information from a prior
visit, or in the hospital will have the chance to look
through a chart for background information; but often
during a first office visit one may be relying entirely
on the parent for history.

E1THER REVIEW OR ELICIT
» Maternal obstetric history: Maternal age, part obstet-
ric history including prior gestations, outcomes, cur-
rent obstetrical history, i.e., maternal weight gain,
prenatal care, illness/infection, medication, alcohol
smoking and substance abuse, prenatal laboratories,
and complications.
Family medical history and risk factors.
Intrapartum history: Type of delivery, complications
such as failure to progress, decelerations, meconium,
maternal fever, antibiotics given, Apgar score.
Hospital and posthospital discharge course if the latter
is applicable: It is always a good idea to let the parents
know that there are several things you need to know
but that you are interested in anything they have
noticed or any concerns they have. Topics that need to
be covered are

1. Hospital course: (if applicable) any complications
while in the hospital and whether the infant was
discharged with the mother.

2. Behavior and development: This is a good topic to
start with since a concept of what is unique about a
child frequently relates to this sphere. At this young
age it is often important to highlight the significant
although subtle developmental abilities. At this
stage parents can note (a) different levels of alert-
ness, (b) symmetric limb movement, (c) response to
sound, (d) fixing on faces, (e) even smiling in sleep
near age 1 month, (f) primitive reflexes, i.e., Moro,
asymmetrical tonic neck reflex (ATNR), rooting
reflex.

3. Feeding: Breast vs. Formula: (a) If formula, what
type, frequency, and number of ounces can be

elicited, (b) for breastfed infants, the frequency, time
sucking at each breast, maternal breast fullness, let
down, (c) any complications (too little milk, too much
milk, ineffective latching, sore nipples, mastitis, and
so forth).

4. Elimination: (a) Urinary frequency and color and
stream, (b) stool frequency, color, consistency, and
straining are important.

5. Sleep: Newborn infants spend the majority of their
time sleeping (up to about 20 hours a day) and
have irregular schedules. Major points: (a) total
amount of sleep in 24 hours, (b) the sleep-wake
cycle, (c) the location of sleep (preferably in a crib)
and the importance of being put to sleep on their
backs.

6. Family/social environment: It is extremely impor-
tant to assess the child’s environment. This includes
(a) people living in the house, (b) parental/caretaker
characteristics, (c) maternal (and other) emotional
state specifically screening for postpartum depres-
sion, (d) SES and work situations.

7. Ethnicity and cultural and religious beliefs: i.e.,
Are there any cultural or religious beliefs you have
that you feel I should know to help care for your
child’s health? Are there alternative therapies that
your family uses?

8. Safety: The major questions at this age are (a) car
seats, (b) smoke/CO alarms, (c) sleep situation, as
above.

9. Family medical history.

THE PHYSICAL EXAMINATION

* Even in the hospital, as much as possible the exami-
nation should be done in the parent’s presence so the
doctor can point out physical findings to the parents
and reassure them about normal variations which
typically may cause concern. As one has been speak-
ing to the parents, one should already have had an
opportunity to assess the parent-child interaction, the
general appearance of the infant and his/her level of
activity. To perform the examination the infant
should be completely undressed except for the
diaper which will be removed at the appropriate
point in the examination. Specific aspects of the
examination are

1. General appearance: General level of alertness,
size, responses to stimuli.

2. Gestational age assessment (at birth).

3. Weight, length, and head circumference: These
should be plotted on a growth chart.

4. Skin: Mongolian spots, Nevus flammeus, mot-
tling, acrocyanosis, jaundice, other nevi and



CHAPTER 3 o HEALTH SUPERVISION: NEWBORN (LESS THAN 1T MONTH) 13

neonatal rashes such as erythema toxicum, pustu-
lar melanosis, neonatal acne should be noted.

5. Cardiac: Listen carefully for the heart tones and
murmur.

6. Lungs/chest: Observe chest movement, respira-
tion rate, and listen for altered breath sounds.
Breast engorgement is frequent, normal, and may
increase before it resolves.

7. HEENT: Anterior fontanelle, red reflex, conjunc-
tival hemorrhage, fixed vs. intermittent disconju-
gate gaze, shape of pinna and setting of ears,
palate and oral lesions.

8. Neck: Palpate clavicles, check for branchial cleft
cyst.

9. Abdomen: Check for bowel sounds, liver and
spleen size, abdominal masses; kidneys can often
be palpated.

10. Spine: Check for anomalies including sacral dim-
ples, hair tufts.

11. GU: Check for appearance of genitalia, ambigu-
ous genitalia; for girls a mucous discharge with or
without blood is a normal finding; for boys check
penis and testes. Check patency of anus.

12. Musculoskeletal: Check for developmental dys-
plasia of the hip with the Ortolani and Barlow
techniques.

13. Neuro: Check tone, symmetry of movements
(lack of movement in an arm may indicate
brachial plexus injury), reflexes such as Moro,
ATNR, stepping reflex.

SCREENING

* A metabolic screen is done on each infant prior to
hospital discharge. After discharge it is imperative
that the doctor checks to make sure that the screening
results were normal and do appropriate follow-up on
any abnormal results.

* A neonatal hearing screen (most commonly used is
otoacoustic emissions, OAE) is also mandated and the
results of that should be verified.

* If the hospital test fails then a second should be per-
formed; a second failed test necessitates referral to
audiology for further testing.

* In some institutions, bilirubin levels are being done on
all newborns to screen for hyperbilirubinemia.

VACCINES

* The hepatitis B vaccine may be given at birth and
receipt prior to discharge from the hospital has been

associated with later improved compliance with vac-
cination schedules.

MEDICATIONS

* A vitamin preparation including vitamin D should be
given to all infants consuming less than 16 oz of for-
mula a day by 2 months of age. Fluoride should be
provided for infants in areas where fluoride is not
added to the water.

ANTICIPATORY GUIDANCE

* It is crucial not to make anticipatory guidance sound
like a lecture. One can mention the positives already
noted in the parent’s care of the infant and one can ask
questions regarding feasibility of different recommen-
dations. In reality, much of anticipatory guidance will
be done as one takes the history or performs the phys-
ical examination but points that should be covered if
not already mentioned are the following:

1. Feeding: Advantages of breastfeeding if parent is
wavering over the decision, support and discussion
about breastfeeding techniques and complications,
availability of support resources, pumping breasts
and growth spurts resulting in increased breast-
feeding. For formula discuss type, preparation
including not microwaving, not overfeeding.
Discuss not giving H,O and solids at this time.
Inform parents of risk of infant botulism after
ingestion of honey or corn syrup at less than 12
months.

2. Development. A brief review of what can be
expected in the next month or two, especially the
emergence of social smiling, cooing, increased
neck control, and tracking.

3. Sleep: Discuss changes in sleep patterns, guiding
toward increased night sleeping, risks of co-sleeping,
safety of cribs including slats no greater than 2%/s in.
apart, and back to sleep positioning and changing
direction of baby in crib so head is not always
turned in one direction creating an asymmetry of
the skull.

4. Temperament. Mention infants have specific tem-
peraments and that they cannot be spoiled at this age.

5. Safety: This includes car seat safety, smoke/CO
detectors, setting H,O no higher than 120°F, no
walkers in future, issue of parental smoking and sec-
ondhand smoke, supervision when patient is around
siblings and pets, and not putting in direct sunlight.

6. Care of the child: This includes topics of cuddling,
bathing (sponge bathing at least until the umbilical
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cord falls off), care of the umbilical cord, and care
of a circumcision or uncircumcised penis in a male.
7. Family interactions and friends: Discuss holding
and cuddling infant, how to involve father or other
adults, how to involve siblings, and how to create
individual times for siblings. The doctor should try to
get a feeling of what the childcare plans are in the
next months, certainly by the time of the second visit.

REFERENCES
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4  HEALTH SUPERVISION:
1-6 MONTHS

Barbara Bayldon

* At the 2-, 4-, and 6-month visits the physician needs
to continue to carefully screen for congenital and
developmental issues, assess the infant and its envi-
ronment, and further develop an understanding of the
parents while cementing the cooperative relationship
toward optimizing the patient’s health. Before enter-
ing the room it is important to review the patient
name, parent names, and any unique aspects of the
patient’s situation so that each health maintenance
visit will be a continuation of the last and an appro-
priate follow-up of any prior concerns.

THE HISTORY

* An interval history should cover all the major topics
relating to health maintenance, particularly emphasiz-
ing development, feeding, and issues which fre-
quently give parents problems. While going from
open-ended to more specific questions one needs to
obtain objective facts rather than vague descriptions
of situations which may indicate totally different
meanings to the physician and the family (i.e., a lot,
only when he needs it, and so on).

BEHAVIOR AND DEVELOPMENT
* One should screen for developmental progress in each
domain (i.e., language, cognitive, fine motor, gross
motor, and social).
1. At 2 months
a. Cooing
b. Responsive smiling
c. Tracking people’s movements by turning the
head to the side
d. Steady head control at least temporarily
e. Holding a rattle momentarily
2. By 4 months
The infant should be cooing reciprocally
Laughing
Tracking visually through 180°
. Have differential response to the mother
No head lag when raised up from lying to sitting
Be reaching and grasping and pulling objects
. When prone, raising head and chest off the sur-
face by the hands and may be rolling over
3. By 6 months
Babbling should begin
Making sounds in play
Initiates social interaction by sounds or smiling
. Has definite preference for parents/guardians or
known caregiver
Holds small bottle with two hands
Transfers objects between hands
. Rolls over
. May sit or just tripod sit
During this stage the infant is becoming respon-
sive and gaining an ever greater interest in the
environment. At each visit encourage the parent
to notice specific aspects of the infant’s tem-
perament and characteristics or activities that
they especially like about the baby.

a0 o @ o a0 TP

= R

FEEDING

e It is important to assess the quantity of breast
milk/formula the infant is taking (for formula ounce
and for breast milk length of feeding time, satiation),
the schedule of feeds and any complications of feeds.
If the patient is getting less than 16 oz of formula/day,
is there supplementation with vitamin D or other vita-
mins? Assess knowledge of introduction of solids at
4—6 months.

ELIMINATION
* Urine: Frequency, stream, and color
* Stool: Frequency, change in consistency, straining

SLEEP

* By 2 months there should be nighttime sleep pattern
and by 4 months most infants can sleep through the
night without waking for feeds if managed properly.
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There will still usually be between two and three naps
a day. Inquire about putting to sleep routine, sleeping
situation, and position for sleeping.

FAMILY/SOCIAL ENVIRONMENT
* Each visit is important to assess for changes in the home
environment and the impact of the patient on the family.
1. Maternal emotional state and support. Specifically
screen for postpartum depression.
2. How is the infant affecting the family life? How is
any sibling reacting to the baby?
3. Have they been able to obtain everything for the
child?
4. What are the mother’s plans for work/daycare?
5. What advice has the mother been getting?
6. Assess for secondhand smoke.

SAFETY
* Major issues are
1. Check that deficiencies from prior visits have been
corrected
2. Reiterate importance of car seats
3. Ask about any injuries

THE PHYSICAL EXAMINATION

* A thorough physical examination is a must. It is best
to listen to the heart and lungs first and then proceed
sequentially from head to toe but leave the most inva-
sive things for last, i.e., the otoscope and oral exami-
nation. Again, a major portion of the physical can be
accomplished by observation during the interview
part of the examination. Important areas include
1. Head: The status of the fontanelle
2. Eyes: The red reflex and assessment of conjugate

gaze
3. Cardiac: For each visit it is important to assess for
heart tones and murmurs since they may develop at
this time
4. Abdomen: Assess for abdominal masses
Hips: Assess for developmental dysplasia of the hip
6. Assess for tone, head control, social response, and
SO on

e

IMMUNIZATIONS

* Depending on the maker of the vaccine, some of these
may be combined together. A vaccine information
sheet should be given for each vaccine at each visit
and discussed with the parents.

1. At 2 months
DTaP #1
PCV7 #1
IPV #1

Hib #1

Hep B #1 or #2 if previously given
2. At 4 months

DTaP #2

PCV7 #2

IPV #2

Hib #2

Hep B #2 if not given previously
3. At 6 months

DTaP #3

PCV7 #3

IPV #3

Hib #3 (unless first two were Pedvax Hib)

Hep B #3 can be given

LABORATORIES

* Generally no labs are necessary during this time
unless there is a specific reason to be concerned about
anemia in which case a Hgb and, when appropriate, a
hemoglobin electrophoresis can be done.

ANTICIPATORY GUIDANCE

* Itis important to give advice and information in a sup-
portive manner. Optimally this is a discussion rather
than a lecture. Points to be covered are
1. Nutrition

a. Breast milk or formula will be the major nutri-
tional source during this time period. It is
important to give reminders of the addition of
vitamin D if the baby continues/starts to take
less than 16 oz of formula a day. Breastfeeding
support without engendering guilt if mother
decides against is beneficial. Issues include
pumping if going back to work, breastfeeding in
public. For both breast- and formula-fed infants,
the gradual decreased frequency of feeds should
be addressed and not propping bottles in infants’
mouths.

b. A breastfed baby should be having either iron
fortified solids or iron supplementation by 6
months. Solid intake may begin between 4 and
6 months and the patient should be assessed
for interest and tolerance of solids as well as
any allergic reactions.

c. Introduction of solid foods should be delayed
until 4-6 months of age and, if started by 4
months, each new food should be added only
every 4-5 days. The first solids should be iron-
fortified cereals and then single vegetables and
single fruit.

d. Honey and corn syrup should be avoided in this
Ist year.
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2. Elimination

a. Frequent urine changes continue.

b. Bowel movements are variable and babies can
have two or more a day or as infrequently as one
every 2-3 days. Babies frequently continue to
have some straining but bowel movements
should be soft and not hurt.

3. Development

* At each visit incorporate what can be expected to
emerge developmentally within the next 2 months or
more. In general, infant schedules remain unpre-
dictable at this point but there may be emerging
schedule patterns although the pattern may change
just as the parent is becoming accustomed to it.

a. At 2-month visit: Emergence of increased responses
to stimuli, particularly social ones, increased cooing,
smiling and some laughing, increased head control
and movement, reaching, grabbing at small objects
and possibly turning over.

b. At 4-month visit: Continued increased responsive-
ness and initiation of social interaction, emergence
of babbling, increased laughing can all be
expected. Differential reaction to the mother/father
emerges but the infant will generally be content
with all caregivers. Improved reaching, grabbing,
holding, turning over from side to side are seen and
by 6 months the infant may be able to sit and trans-
fer an object between two hands.

4. Sleep

Points to discuss are

a. Changing sleep patterns; there should be more pre-
dictable naps.

b. By 3—4 months if properly managed, babies are
physiologically able to sleep through the night.

c. Back to sleep positioning continues to be important
and other safety issues of crib slat separation width
and cosleeping may need to be reiterated.

5. Temperament

It is important to remind parents that infants will have

different temperaments, even at this young age.

6. Safety

Points to discuss are

a. Car seats/safest in middle back seat

b. Issue of increasing need of supervision through
first year because of first hand-to-mouth activity,
turning over, and then ability to crawl and explore

c. Danger of falls off high surfaces/not placing infants
in carriers or car seats off the floor

d. Danger of carrying hot liquids and infant at same time

e. Walker use should be discouraged and regarded as
developmental down time

f. Safeguarding of the environment as the infant
reaches 6 months, i.e., outlet plugs, removal of poi-
sons, medicines from infant’s reach, preferably
locked but at least high up, unplugging of electrical

appliances after use, a thorough search for small
choking hazards on the floor
g. Emphasize the importance of supervision when in
the presence of other small children and pets who
may harm infant
h. Reduction of exposure to direct sunlight and use of
sunscreen
i. Smoke- and gun-free environment
j- The importance of smoke and carbon monoxide
detectors in the home
7. Family interactions and friends
a. Discuss impact on family of infant and natural
jealousy of older siblings
b. Discuss possibilities for support from father and
other adults
c. Discuss guardian work and daycare plans when
applicable
8. Illness detection and emergencies
a. Review subtle signs and symptoms of illness
b. Reiterate need for thermometer in the home
c. Review the practice 24-hour access and make
sure parents have the Poison Hotline Telephone
number for the area
* At the end of each visit it is important to ask if parents
have any other concerns or questions that have not
been addressed. Always specify the time of the next
appointment and the reason for it while reminding
them you are available for problems that crop up
before the next health supervision appointment.
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5  HEALTH SUPERVISION:
6-12 MONTHS

Gwendolyn Wright

* This is an exciting time in infancy. The baby begins to
actively explore his/her environment. She/he learns
that she/he can manipulate things and people.
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Meanwhile, he/she is continuing to grow at a rapid
rate and trying new foods.

THE 6-MONTH VISIT
DEVELOPMENTAL MILESTONES

* It is best to elicit a developmental history by asking
some broad questions. Examples might include what
new things has your baby learned to do? What does
he/she understand? How does he/she tell you what
he/she wants? How does she/he move?

SPEECH

» Responds to own name

* Understands names, bye-bye, no
¢ Babbles, imitates

GRoOSs MOTOR

* No head lag when pulled to sit
* Sits with support

* Rolls over

* Creeps, scoots

* Bears weight when placed

FINE MOTOR

* Transfers objects from hand to hand
* Rakes in small objects

* Interested in toys

SociaL
* Smiles, laughs, squeals
* May be outgoing or shy with strangers

NUTRITION

* At this point the baby should be trying a variety of
soft foods, including iron-fortified cereal. Emphasize
to the parent to give only soft foods and to avoid any-
thing hard and round such as peanuts or popcorn.
Some physicians feel that highly allergenic foods such
as nuts, citrus, and strawberries should be avoided
during this stage; however, this recommendation is
not well-supported and should be reserved for
markedly allergic families.

* The parents may introduce a cup for water or juice.
Juice should be limited to a maximum of 4 oz a day.

* The process of trying new foods can be both fun and
also frustrating. Remind parents that a baby may need
to try a new food 10-20 times before he/she accepts it!

* Six to 12 months is a critical nutritional phase. The
baby must be assessed for risk of iron, vitamin D, and
fluoride deficiencies. If the baby is still relying mainly

on breast milk, he/she should be given iron, vitamin
D, and fluoride supplements. Formula-fed babies
should be kept on formula until 12 months of age. If
the parent insists on switching to whole cow’s milk,
consider a multivitamin with iron to prevent anemia.
Encourage the parents to give the baby fluorinated tap
water (if available in the community). Infants who
receive only bottled or well water need fluoride sup-
plementation at this age. Some “nursery water” is sold
as fluorinated; however, this is not regulated or tested
for content and should not be relied on. Continue to
avoid honey until 12 months of age.

ORAL HEALTH

* Do not put the baby to bed with a bottle. Begin to
clean the baby’s teeth with a soft brush or cloth daily.
A fluoride source is needed, as disscussed previously.

BEHAVIOR/SOCIAL ISSUES

SLEEP

* The infant should be sleeping through the night at this
point. If the infant is still requiring attention and feed-
ings throughout the night, the family may be exhausted.
This and other sleep issues should be addressed.
Encourage the baby to console herself/himself and fall
asleep on her/his own by putting her/him to bed awake.

DISCIPLINE

At this age, discipline should consist mainly of dis-
tracting the child from dangers or off-limit situations.
Structure and routine is useful.

PARENT-CHILD RELATIONSHIP
* Encourage parents to talk to baby, play with infant
(peek-a-boo, pat-a-cake, and so on).

LITERACY

* The parents should be encouraged to read to the baby.
He/she will mouth the book and bang it—this is
normal behavior!

SAFEGUARDING THE ENVIRONMENT

REMINDERS

* Use a rear-facing infant car seat, and place it in the
back seat.

* Smoke and carbon monoxide detectors should be
installed and checked regularly.

* Check hot water temperature.
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* Never leave infant alone, especially in tub or on a high
surface.

* Eliminate water hazards: buckets, pools, tubs.

* Keep a smoke-free environment.

* Avoid hot liquids or cooking while holding baby.

» Use sunscreen, hats, and avoid prolonged sun exposure.

* Do not use a baby walker.

NEW ISSUES

* Get down on the floor and check for hazards at the
baby’s level.

* Make sure small objects are out of the infant’s reach.

* Lock up all poisonous substances, including cleaning
agents, medications, paint, and so on. Place poison con-
trol number somewhere everyone can locate it easily.

* Never give the infant plastic bags or latex balloons.

* Install safety locks on cabinets.

* Install gates on stairs and guards on windows.

PHYSICAL EXAMINATION

* Measure and plot growth parameters.

* In addition to the basic physical exam, pay careful
attention to the eyes. Check for a symmetrical red
reflex, symmetric light reflex, and perform a
cover/uncover test. Teeth may be erupting. Check for
developmental dysplasia of the hip.

SCREENING

* Hemoglobin and lead, as appropriate.

IMMUNIZATIONS

* Hib #3 (can be skipped when using certain brands)
* DTP #3

* [PV #3

* HBV #3 (6—-18 months)

* PCV7 #3

AT THE END OF THE VISIT
» Ask if the parents’ questions and concerns have been

answered. Complement the parent and infant on their
strengths.

NINE-MONTH VISIT

* A 9-month-old infant will be developing new inde-
pendence. She/he has strong opinions about food,

wants to get down and explore, and may scream when
her/his parents leave.

* This is an exciting but challenging time for parents as
their cuddly baby begins to makes forays into toddler-
hood.

DEVELOPMENTAL MILESTONES

LANGUAGE

» Responds to own name

* Understands no, bye, and so on

* Babbles, imitates, and may say mama/dada non-
specifically

GRoOSs MOTOR

* Sits well

* May pull to stand

 Shakes, bangs, throws, and drops objects

FINE MOTOR

* Inferior pincer grasp

* Pokes with index finger
* Feeds self with fingers
* Tries to use cup

SociaL
* Possible stranger anxiety
* Likes games such as peek-a-boo

LITERACY

* Reaches for books

* Looks at pictures and pats them
* Prefers pictures of faces

NUTRITION

* The parents may start giving the infant soft table
foods. Encourage finger foods and self-feeding.
Continue to avoid choking hazards (as in 6-month
visit). The provider should reassess the need for vita-
mins, iron or fluoride supplementation. Continue to
avoid honey.

* It is important to establish structured, family meal
times at this age.

ORAL HEALTH

» Continue to avoid bedtime bottles, clean teeth daily,
and supplement with fluoride as in 6-month visit.
This is a good time to initiate weaning from bottle to
cup.
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BEHAVIOR/SOCIAL ISSUES

SLEEP

* The infant should be sleeping through the night at this
point. If the infant is still requiring attention and feed-
ings throughout the night, the family may be exhausted.
This and other sleep issues should be addressed.
Encourage the baby to console herself/himself and fall
asleep on her/his own by putting her/him in her/his bed
when she/he is sleepy but awake.

DISCIPLINE

* At this age, discipline should consist mainly of dis-
tracting the child from dangers or off-limit situations.
Structure and routine is useful.

PARENT-CHILD RELATIONSHIP
* Encourage parents to talk to baby, play with infant
(peek-a-boo, pat-a-cake, and so on).

LITERACY

* Encourage the parent to read daily to their children.

SAFEGUARDING THE ENVIRONMENT

* Baby-proofing the home becomes ever more essential
as the infant becomes more mobile!

REMINDERS

» Use a rear-facing infant car seat, and place it in the
back seat.

* Smoke and carbon monoxide detectors should be
installed and checked regularly.

* Check hot water temperature.

* Never leave infant alone, especially in tub or on a high
surface.

* Eliminate water hazards: buckets, pools, tubs.

» Keep a smoke free environment.

* Avoid hot liquids or cooking while holding baby.

» Use sunscreen, hats, and avoid sun exposure.

* Do not use a baby walker.

* Get down on the floor and check for hazards at the
baby’s level.

* Make sure small objects are out of the infant’s reach.

* Lock up all poisonous substances, including cleaning
agents, medications, paint, and so on. Place poison con-
trol number somewhere everyone can locate it easily.

* Never give the infant plastic bags or latex balloons.

* Install safety locks on cabinets.

* Install gates on stairs and guards on windows.

* Avoid TV.

NEW ISSUES

* Lower the height of the crib mattress.

¢ Child should eat while seated and observed, never on
her/his own and never while running around.

* Provide guidelines for when a new toddler car seat is
required (1 year old and 20 Ibs.).

PHYSICAL EXAMINATION

* Obtain and plot growth parameters.

SCREENING

* Hemoglobin and lead between 6 and 12 months
* Purified protein derivative of tuberculin (PPD) skin
text, now or at 12 months

IMMUNIZATIONS

* Catch-up vaccines as necessary.

AT THE END OF THE VISIT

» Ask if the parent’s questions and concerns have been
answered. Complement the parent and infant on their
strengths.

TWELVE-MONTH VISIT

* The 1-year-old is a handful. He/she may be walking or
crawling everywhere. Her/his desire to explore the
world will outstrip her/his coordination and she/he
will be vulnerable to injuries of all sorts. The parents
will be delighted as he/she learns his/her first words.
The willful toddler demands things and throws temper
tantrums. Sleep and eating issues are the norm.

DEVELOPMENTAL MILESTONES

GRoOSs MOTOR
* Pulls to stand, cruises, and may take some steps alone

FINE MOTOR

* Precise pincer grasp

* Points with index finger

* Bangs two blocks together
* Drinks from a cup
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LANGUAGE

* Has vocabulary of one to three words in addition to
“mama” and “dada”

* Imitates vocalizations

SOCIAL/COGNITIVE

* Waves “bye-bye”

* Plays social games (peek-a-boo)

* Looks for dropped or hidden object

NUTRITION

* The growth (and hence the appetite) of infants slows sig-
nificantly around a year of age. Together with their new-
found independence, this decrease in appetite can make
meal times a battle. A feeding schedule that includes
family meals is very helpful. Parents should avoid force-
feeding their children, but may insist they sit through the
meal. They should be presented with a healthy variety of
foods. The child may prefer to self-feed.

A 1-year-old should be eating a variety of baby and
table foods. Care must be taken to include fruits, veg-
etables, and protein as toddlers tend to prefer carbo-
hydrates. Most children are switching from formula or
breast milk to cow’s milk around this age. Parents
should be specifically asked about the toddler’s milk
and juice consumption. Excess of both is common and
can cause anemia, obesity, or paradoxically failure to
thrive! Milk should be limited to 16-24 oz a day and
juice should be limited to 4 ounces a day. Again, all
sugar drinks should be avoided and “junk food”
should be minimized.

ORAL HEALTH

* If possible, the toddler should see a dentist. Regular
brushing and fluoride (usually via tap water) should
be continued.

BEHAVIOR/SOCIAL ISSUES

DISCIPLINE

* Continue to use distraction as a major form of control.
Parents may begin to use “no” and time-outs. The
number of rules should be limited, but enforced con-
sistently.

* Also see “Nutrition” for discussion of feeding issues.

SLEEP

* Maintain a bedtime ritual. Discourage night feedings
and arousals using the parent/physician’s preferred
technique.

SAFEGUARDING THE ENVIRONMENT

REVIEW

* A new car seat may be in order. All the baby-proofing
done during 6-12 months needs to be reassessed. The
newly walking child may have access to things they
couldn’t reach before.

* Smoke and carbon monoxide detectors should be
installed and checked regularly.

* Check hot water temperature.

* Never leave the toddler alone, especially in tub or on
a high surface.

* Eliminate water hazards: buckets, pools, tubs.

* Keep a smoke-free environment.

¢ Use sunscreen, hats, and such.

* Make sure small objects are out of the toddler’s reach.

* Lock up all poisonous substances, including cleaning
agents, medications, paint, and so on. Place poison
control number somewhere everyone can locate it
easily.

* Never give the toddler plastic bags or latex balloons.

* Check safety locks on cabinets.

* Check gates on stairs and guards on windows.

* Avoid TV.

NEwW

* Do not leave heavy objects on tablecloths that the
toddler may pull down.

* Turn pan handles toward the back of the stove.

» Use gates to keep the toddler away from hot irons,
stoves, curling irons, and space heaters.

* There should be no guns in the house at all. If there
are, they need to be locked up and the ammunition
should be locked up elsewhere.

* Never leave the child to play outside alone.

» Keep cigarettes, lighters, matches, and alcohol out of
the child’s sight and reach.

» Limit TV to less than an hour a day, or avoid altogether.

PHYSICAL EXAMINATION

* Obtain and plot weight, length, and head circumference.

* In addition to the usual physical exam, extra attention
should be paid to the feet and lower extremities.
Observe gait. Most parents are concerned about
normal variants at this age, including flat feet, intoe-
ing, and varus lower extremities.

SCREENING

* Complete blood count (CBC), lead level, and PPD if
not done at 9 months.
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IMMUNIZATIONS

* Measles, mumps, and rubella (MMR) #1
s VZV #1
* May be given Hib/HBYV #3 if appropriate

AT THE END OF THE VISIT

* Ask if the parents’ questions and concerns have been
answered. Compliment the parent and infant on their
strengths.
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® HEALTH SUPERVISION:
13-24 MONTHS
Lisa M. Sullivan

BEFORE THE VISIT

* Note vital signs, plot growth, check immunization
status and labs due, note last visit goals, gather hand-
outs for safety/development/nutrition, and select an age
appropriate book (e.g., Reach Out and Read Program).

INTRODUCTION

¢ Take a seat for the interview. Allow the toddler to remain
with the parent to acclimate to your presence. Offer the
book to the child. Allow the child to roam the room.

INTERVIEW FOR THE PARENT

* How are you and your family? How has your toddler
been since last visit? Any illness, ER visits, hospitali-
zations, or reactions to immunizations? Any questions/
concerns? Any WIC or daycare forms needed?

* Review the goals from last visit. Were they met and
were follow-up appointments made?

UPDATE THE HISTORY

NUTRITION

* Ask about appetite, milk type, and amount and bottle
use or cup. How many cups of juice/soda/sugar drinks
a day? How many meals and what types of food/food
groups. Is there vitamin use or pica behavior?

ELIMINATION

* Ask about urinary frequency, problems with urination,
BM frequency, and character. Is there an interest in
toilet training?

SLEEP

* Ask about hours of sleep at night. Where does the tod-
dler sleep and are the parents happy with this arrange-
ment? Is it a crib or bed with safety rails? Is there a
bedtime routine, difficulty falling asleep, bedtime
resistance or night awakenings? How many naps? Is
there a bottle in bed or pacifier use?

BEHAVIOR

* What makes you proud? What new thing does he/she
do? How does he/she communicate affection, wants, and
dislikes? Are there tantrums? How do you discipline?

DEVELOPMENT
* Observe and inquire about age-specific skills.

1. Fine motor: (a) (15-18 months) pincer grasp,
scribbles, stacks two blocks, feeds self with spoon.
(b) (18-24 months) buttons, scoops, pours, brushes
teeth with help.

2. Gross motor: (a) (15-18 months) walks well, toddle
run, climbs. (b) (18-24 months) jumps, kicks and
throws ball, navigates stairs, dresses with help.

3. Cognitive: (a) (15-18 months) pretend play (uses
toy phone), explores environment, imitates
adults. (b) (18-24 months) imitates peers, dra-
matic play (cooks a meal, cares for a doll), shows
self-awareness, seeks “own’ things, remembers
stories/songs/hidden objects.

4. Receptive speech/communication: (a) (15-18
months) will point to one to two body parts, fol-
lows simple commands, points to pictures when
asked, listens to stories, repeats words on com-
mand. (b) (18-24 months) follows two-step
instructions, repeats words heard in conversation.

5. Expressive speech/communication: (a) (15-18
months) 5-15-word vocabulary with additional use
of jargon (unintelligible words). (b) (18—24 months)
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30-50-word vocabulary, two-word phrases, ‘“‘con-
versation.”

6. Social: (15-24 months) stranger distrust, gives and
takes objects, plays games with parents, parallel
play with peers, indicates wants/pleasure/displea-
sure, tests limits of authority and environment,
asserts independence.

ENVIRONMENT

* Who cares for at home or at daycare? Is each locale a
safe environment and “toddler proofed”? Is the poison
control number available at each place? Ask about
smokers, pets, water source, sick contacts, travel and car
seat use. Does the smoke/carbon monoxide alarm work?

* Review and update past medical history, family history,
social history, and review of systems as appropriate.

PHYSICAL EXAMINATION

* Wash your hands and stethoscope.

* Share growth percentiles with parent.

* Position toddler in the parent’s lap or upright on the
table with a book or toy.

* Perform less threatening exams first (e.g., chest, heart,
eyes), saving ears, abdomen, and genitourinary systems
for last. Speak softly throughout the exam, using famil-
iar terms like “look at my ear flashlight” (otoscope) and
“Popsicle stick” (tongue depressor). Demonstrate that
the ear speculum is not sharp. Offer generous praise
throughout. Allow toddler to touch and manipulate the
stethoscope, noting dexterity and pretend play. Pay
close attention to speech and interactions with parent.
On exam, watch for bottle caries/malocclusion, strabis-
mus, abdominal masses, hernias, hip dysplasia, gait
disturbances (at least 10 strides), and evidence of abuse.

SCREENING

* Screen hearing if toddler has a speech delay or a history
of frequent otitis.

* Review screening questions with parent for lead,
tuberculosis (TB), and anemia. Test as appropriate.

* Avoid using the words “shot” and “blood” (spell them
or use the words immunization and test).

IMMUNIZATIONS

* Provide vaccine information sheets to parents. Give
measles, mumps, and rubella (MMR) and/or varicella
if not already given. Give booster diphtheria, tetanus,
and pertussis (DTaP #4) between 15 and 18 months.

Refer to American Academy of Pediatrics (AAP)-Red
Book for delayed/interrupted immunization schedules.

ANTICIPATORY GUIDANCE

NUTRITION

* Recommend three to five meals a day supervised at the
table as a family (approximately 20 minutes). Discuss
a well-balanced diet. Give “fist’-sized portions and
allow toddler to eat with his/her hands, while encour-
aging utensil use. It is okay if toddler is a “picky eater”
and appetite changes on a daily basis. Toddlers will eat
when hungry. Because of choking hazard, no nuts,
hard candy, gum, popcorn, hot dogs, grapes or raisins.
Discontinue the bottle and encourage a spill-proof cup.
Give 16-20 oz whole milk + 4 oz juice a day, no more.
No sodas or other sugar drinks, only water. Prescribe
fluoride if using well water.

ELIMINATION

* Expect to toilet train at 18 months to 2!/ years. Girls
usually train early, boys late. Allow toddler to observe
parents in the washroom. Once they show interest,
parents may get a potty and allow the toddler to sit on
it with diapers in place. Toddler is ready when they
are dry after naps, complain of soiled diapers, or hide
when defecating. Discourage punishment or negative
reinforcement. Offer praise for success.

SLEEP

 Stress the importance of a regular bedtime routine.
Read a bedtime story. Have child sleep in own toddler
bed (close to the floor or with safety rails) and allow
child to put self to sleep. Recommend 10-12 hours of
sleep + 1-2 naps a day. Discourage bottles or pacifiers
in bed.

BEHAVIOR AND DEVELOPMENT

* Encourage independence in eating and play. Offer
choices regularly, especially if the toddler is refusing
or saying no. Try to deliver more “yes” than “no”
messages, praising good behavior. Introduce the
family “rules’” while setting firm and sensible limits.
Enforce with “no,” then redirect. If this fails, begin
“time-out” (1 minute per year of age). If instead, a
tantrum ensues, remove from harm and place in
“time-out” without distraction (may need to gently
but firmly restrain). Help the child label/name their
feelings of frustration (angry, silly, sad). Be a model
for good behavior. Be consistent with limits and dis-
cipline while providing a safe environment for play
and exploration. Allow access to household items of
different materials and textures for pretend play
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(e.g., plastic ware or pans). Encourage imitative
behavior. Stimulate language by engaging in conver-
sation. Listen to your toddler and answer questions.
Read age-appropriate books (they enjoy the same
ones over and over) and allow child to repeat the
words. Have toddler point out familiar objects/ani-
mals in the story. Encourage them to make up their
own stories. Sing songs and teach games of sharing.

INJURY PREVENTION

* Discuss appropriate size and installation of car safety
seat. For weights 20—40 1b, use a convertible seat with
an internal harness, positioned forward in the rear
center seat. At 40 1b, may convert to a booster seat.
Never leave a child unattended in the car. Continue to
childproof house with stairwell gates, window guards,
plastic guards for electric outlets, and cabinet locks.
Arrange chairs to discourage climbing to dangerous
heights or into forbidden cabinets. Put poison control
number in an obvious location (e.g., on phone or
fridge). Separate and secure gun and ammunition.
Smoke outside and test smoke alarm monthly. No
plastic bags/balloons for play. Supervise closely near
water, pets, and younger siblings. Keep away from
heat sources. Turn pot handles to the back of stove.
Set hot water heater to 120°F. Use sunscreen.

CONCLUSION OF VISIT

» Offer handouts reinforcing safety, nutrition, and
development goals. Complete and sign any necessary
forms.

* Are there any other questions/concerns?

* Conclude with a reminder for the next well-child visit
(e.g., 18 months, 24 months, or 3 years) or follow-up
as indicated.
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7/  HEALTH SUPERVISION:
24 YEARS
Lisa M. Sullivan

BEFORE THE VISIT

* Note vital signs, plot growth, check immunization
status and labs due, note last visit goals, gather hand-
outs for safety/development/nutrition, and select an
age-appropriate book (e.g., Reach Out and Read
Program). Bring an extra pen for the child to use.

INTRODUCTION

* Take a seat for the interview. Introduce yourself to the
child and ask simple questions including name, age,
sex, favorite toy, and if they would like to sing the
ABCs. Allow child to climb onto the examining table
and ask him/her to draw (on the table paper) a circle,
cross, person, and a scene of their choosing. Have
them write their name if able. If unable, then demon-
strate and have them copy. Have them point out and
name parts of their drawing, prompting as necessary.
During this introduction, pay attention to the child’s
expressive and receptive speech, social skills (eye
contact, anxiety level, interactions with parent and
examiner), gross motor skills (climbing), fine motor
skills (drawing), attention span, ability to follow
directions and quality of drawing (cognitive). Obtain
the history from the parent while the child is drawing.
When the child completes the task, offer praise and a
book, further occupying the child and generating
trust. Note the child’s interest in books.

INTERVIEVWW FOR THE PARENT

* How are you and your family? How has your child
been since last visit? Any illnesses, ER visits, hospital-
izations, or reactions to immunizations? Any questions/
concerns? Any WIC/daycare/preschool forms needed?

* Review the goals from last visit. Were they met and
were follow-up appointments made?

UPDATE THE HISTORY

NUTRITION
* Ask about appetite, milk type, and amount and bottle
use or cup. How many cups of juice/soda/sugar drinks
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a day? How many meals and what types of food/food
groups. Is there vitamin use or pica behavior?

ELMINATION

* Ask about urinary frequency, problems with urination,
BM frequency, and character. Is the child toilet trained?

SLEEP

* Ask about hours of sleep at night. Where does the
child sleep and are the parents happy with this
arrangement? Is it a bed with safety rails? Is there a
bedtime routine, difficulty falling asleep, bedtime
resistance or night awakenings? How many naps? Is
there a bottle in bed or pacifier use?

BEHAVIOR

* What makes you proud? What new thing does he/she
do? How does he/she communicate with parents, sib-
lings, peers, and adults? Are there fewer tantrums?
How do you discipline?

DEVELOPMENT
* Observe and inquire about age-specific skills.

1. Fine motor: (a) (3 years) Copies circle and cross,
proper pen grasp, draws three-part person, uses
utensils, brushes teeth. (b) (4 years) Draws circle
and cross, draws six-part person and possibly
name, uses utensils well, cuts with scissors,
dresses self, buttons, zips.

2. Gross motor: (a) (3 years) Runs well, climbs onto
exam table with help, jumps, kicks, navigates stairs
well, learning tricycle. (b) (4 years) Climbs onto
table by self, hops on each foot, pedals tricycle.

3. Cognitive: (a) (3 years) Inquisitive about every-
thing (mostly why and what), pretend play (emu-
lates adults), knows name and sex, names SiX or
more body parts. (b) (4 years) Asks more questions
(how, where, and when), magical thinking, lan-
guage exceeds understanding of the world, knows
colors, learning rules, may sing ABCs.

4. Receptive speech/communication: (3—4 years)
Listens attentively to stories, repeats simple
phrases, rhymes and songs, and follows directions.

5. Expressive speech/communication: (a) (3 years)
Seventy-five percent understandable, short sentences,
learning plurals and articles. (b) (4 years) Hundred
percent understandable and fluent, longer sentences,
adjusts speech to level of listener’s understanding.

6. Social: (a) (3 years) Interactive play, learning
manners, asserts independence, learning to share.
(b) (4 years) Interactive complex play, toilet
trained, shares, less tantrums, waits turn, learning
board games, helps with chores.

ENVIRONMENT

* Who cares for the child at home, daycare, or pre-
school? Is each locale a safe environment and “child-
proof”? Is the poison control number available at each
place? Ask about smokers, pets, water source, sick
contacts, travel and car seat use. Do the smoke and
carbon monoxide alarms work?

* Review and update past medical history, family history,
social history and review of systems as appropriate.

PHYSICAL EXAM

* Wash your hands and stethoscope.

* Share growth percentiles with parent.

* Position the child upright on the table.

* Perform less threatening exams first (e.g., chest, heart,
eyes), saving ears, abdomen, and genitourinary systems
for last. Speak softly throughout the exam, using famil-
iar terms like “look at my ear flashlight” (otoscope) and
“Popsicle stick” (tongue depressor). Demonstrate that
the ear speculum is not sharp. Offer generous praise
throughout. Allow preschooler to manipulate the instru-
ments, noting dexterity and pretend play. End the exam
with “exercises” including jumping, hopping, running
and skipping down the hallway. On exam, watch for
dental caries/malocclusion, strabismus, abdominal
masses, hernias, hip dysplasia, gait disturbances (at least
10 strides of each), and evidence of abuse.

SCREENING

* Screen hearing if child has a speech delay or a history
of frequent otitis.

* Review screening questions with parent for lead,
tuberculosis (TB), and anemia. Test as appropriate.

* Avoid using the words “shot and blood” (spell them
or use the words immunization and test).

IMMUNIZATIONS

* Provide vaccine information sheets to parents. Give
booster diphtheria, tetanus, and pertussis (DTaP #5),
injectable polio vaccine (IPV #4), and measles, mumps,
and rubella (MMR #2) at or after fourth birthday. Refer
to American Academy of Pediatrics (AAP)-Red Book
for delayed/interrupted immunization schedules.

ANTICIPATORY GUIDANCE

NUTRITION
* Allow child to help plan and prepare the meal, provid-
ing choices. Recommend 3 meals a day supervised at
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the table as a family (approximately 20 minutes) + 2
snacks. Discuss a well-balanced diet. Give “fist”-sized
portions and encourage utensil use. It is okay if child is a
“picky eater” and is growing well. Preschoolers will eat
when hungry. If child completely avoids one food group
(e.g., vegetables) may recommend half a chewable mul-
tivitamin a day. Discontinue the bottle and encourage a
regular cup. Give 16-20 oz of 0-2% milk + 4 oz juice a
day, no more. No sodas or other sugar drinks, only water.
Prescribe fluoride if using well water.

ELIMINATION

* Eighty to ninety percent are toilet trained in the day,
60-75% at night. Reassure parent that nighttime wet-
ting is common at this age. Suggest nighttime protec-
tion with a diaper or “pull-up.” Discourage punishment
or negative reinforcement. Offer praise for success.

SLEEP

* Stress the importance of a regular bedtime routine.
Read a bedtime story. Have child sleep in own bed
(close to the floor or with safety rails) and allow child
to put self to sleep. Recommend 10-12 hours of sleep
+ 1 nap a day. Discourage bottles or pacifiers in bed.

BEHAVIOR AND DEVELOPMENT
* Encourage independence in eating and play. Offer
choices regularly and allow child to help with plan-
ning and decision making. Try to deliver more “yes”
than “no” messages, praising good behavior.
Introduce, model, and reinforce social and family
“rules” while setting firm and sensible limits.
Enforce with “no,” and state what the appropriate
behavior should be. If behavior persists, punish with
an immediate logical consequence (e.g., throws
food—must clean up mess and apologize). If this
fails, begin “time-out” (1 minute per year of age). If
tantrum ensues, remove from situation and place in
“time-out” without distraction (may need to gently
but firmly restrain). Help the child label/name their
feelings of frustration (angry, silly, sad). Be a model
for good behavior. Be consistent with limits and dis-
cipline while providing a safe environment for play
and exploration. Stimulate the imagination with
interactive and pretend play. Provide toys and
games that require both manual dexterity and simple
strategy. Allow access to household items of differ-
ent types for pretend play (e.g., adult clothing and
shoes, broom, plastic ware, pans, tea set).
Discourage passive activities (i.e., television).
Schedule time alone with child every day. Offer
generous praise and affection. Stimulate language
by engaging in conversation. Listen to your child
and answer questions (including those about

gender/sex/birth) simply and accurately. Reassure
that masturbation is okay if not disruptive and in
private. Read age-appropriate books (they enjoy the
same ones over and over) and allow child to repeat
the words or make up stories of their own. Sing
songs together. Encourage playgroup or preschool
experiences. Exercise as a family.

INJURY PREVENTION

* Discuss appropriate size and installation of car safety
seat. For weights 20—40 Ib, use a convertible seat with
an internal harness, positioned forward in the rear
center seat. May convert to a booster seat at 40-80 Ib.
Never leave a child unattended in the car. Continue to
childproof house with stairwell gates, window guards,
plastic guards for electric outlets, and cabinet locks.
Arrange chairs to discourage climbing to dangerous
heights or into forbidden cabinets. Keep away from
heat sources. Turn pot handles to the back of stove. Set
hot water heater to 120°F. Put poison control number in
an obvious location (e.g., on phone or fridge). Separate
and secure gun and ammunition. Smoke outside and
test smoke alarm monthly. Develop a fire escape plan
and practice it as a family. No plastic bags/balloons for
play. Supervise closely near water and neighborhood
animals. Use sunscreen. Wear bicycle helmet. Teach
street safety while supervising closely, realizing that
preschoolers often forget. Teach that “strangers” are not
necessarily “strange.” Children should not follow or
talk to people they do not know. Instruct children to
report inappropriate touching. Teach preschoolers to
dial 911 in an emergency.

CONCLUSION OF VISIT

* Offer handouts reinforcing safety, nutrition, and
development goals. Complete and sign any necessary
forms.

* Are there any other questions/concerns?

* Conclude with a reminder for the next well-child visit
(e.g., 4, 5 years) or follow-up as indicated.
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8  HEALTH SUPERVISION:
4 YEARS

Mariana Glusman and Susan Berger

GROWTH AND DEVELOPMENT

 Children’s rate of physical growth continues to be
steady (approximately 6-8 cm/year and 2 kg/year). In
contrast, their developmental maturation continues at
an exponential pace.

Motor

* Four-year-olds can run fast, go up stairs alternating
feet, climb on the jungle gym, and ride a bike with
training wheels. They can hold a crayon correctly,
draw a person with two to five parts, copy a cross, use
scissors, and may be able to write their own name.
Handedness is established.

LANGUAGE

* Children this age should be able to say hundreds to thou-
sands of words (more words than can be counted). Their
speech should be 100% clear to a stranger, although they
may still have some problems with certain sounds (e.g.,
r, I, th). Transient stuttering is normal as long as it is not
severe enough that it causes the child frustration (facial
grimacing, refusal to speak). Speech dysfluency usually
resolves by age 5.

COGNITIVE

* They tend to have magical thinking (the car is sad).
They should know four colors, ask “w” questions, and
be able to identify the function and composition of
objects (What is a spoon for? What is a house made
of?). If taught, they know their phone number and
name. If exposed to books, they realize that writing on
a page has meaning. They also may be able to recog-
nize their own written name.

PERSONAL

* Can use a fork and spoon, and dress and undress
themselves (if no time constraints). Most children are
toilet trained during the day by this age.

SOCIAL/EMOTIONAL

* At 4 years children start to play in small groups, learn-
ing to play games with simple rules and to take turns.
They can identify and be sensitive to other people’s
feelings, but are still largely egocentric. Their gender
identity is well-established. They tend to play gender-
stereotyped games. Sexual exploration is common.
Pretend play is the most common type of play.

MORAL/ETHICAL

* They are beginning to differentiate truth from fantasy
but may bend or not tell the whole truth to avoid pun-
ishment. They understand rules but bend them to their
benefit.

BEHAVIOR

* As they learn about themselves and others, 4-year-
olds try to push the limits of their own abilities and
other people’s patience. Many children start going to
preschool at this age (if not younger) and so may have
issues of separation anxiety and learning to interact
with groups of other children.

NUTRITION

* Parents often express concerns that their 4-year-olds
don’t eat enough, or are picky. This is normal and
appropriate given their slower growth rate at this age.

SLEEP

* Children this age should sleep 10—12 hours per night.
Nightmares are common.

PHYSICAL EXAM

* In previously healthy children, the PE will usually
yield little new information. The exam should focus
on growth (weight, height, weight/height, body mass
index [BMI]), caries and dental problems.

SAFETY

e Children should always be supervised, especially
around pools or near the street. They should be taught
basic safety rules (pedestrian, playground, water, and
bicycle safety). Poisons/medicines/matches should be
kept out of reach. They should always use a booster
seat if under 60 Ib or 59 in. They must be taught safety
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rules regarding strangers, and ‘“good-touch/bad-
touch.” They need to know about “private parts,”
including the correct terms for genitalia. Guns and
ammunition should be locked away in separate cabi-
nets. At all visits, parents should be reminded about
smoke and carbon monoxide detectors (and batteries).

DISCIPLINE

» Expectations need to be clearly stated, and consis-
tently enforced. Punishment should be fair and logi-
cal, e.g., “you can’t play in the sandbox if you throw
sand.” For the most part, children this age respond
well to positive attention and individual time with
their parents.

HEALTHY HABITS

* Promotion of healthy habits should include using sun-
screen, brushing teeth twice a day, seeing a dentist
every 6 months, encouraging physical activity, eating
healthy meals, avoiding “junk food,” and living in a
smoke-free environment.

PRESCHOOL

* At this age children go to school to learn to socialize,
interact with other children, and begin to separate
from their parents. In school, children begin to learn
conflict resolution, turn taking, and making friends.
They also are exposed to an enriched environment and
caring adults beyond their immediate family. Children
who do not attend preschool are often inadequately
prepared for the kindergarten tasks of separation and
socialization.

* Parents also should be encouraged to read interac-
tively with their children at home. This promotes
development of language and emergent literacy skills,
and provides a link between books/reading and fun.
This link can be an important motivating factor as
they learn how to read on their own.

ACTIVITIES

* At this age children do not need extensive organ-
ized activities, but they do need to play and stay
active. TV/video games should be limited to a max-
imum of 2 hours per day. Parents must also monitor
the program content to limit children’s exposure to
violence.

IMMUNIZATIONS

* After they turn four, children can receive their second
measles, mumps, and rubella (MMR), fifth DTaP, and
fourth injectable polio vaccine (IPV). Catch-up
immunizations may be required for some.

OTHER SCREENING

* Screening should include checking blood pressure
and vision/hearing. Lipid profiles and purified protein
derivative of tuberculin (PPD) should be done based
on risk factors.
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O  HEALTH SUPERVISION:
5-8 YEARS

Mariana Glusman and Susan Berger

» Middle childhood is a time of increasing indepen-
dence and self-control. Although children this age still
require parental supervision and encouragement, as
they get older they can take on more responsibility
and can make more choices on their own (e.g.,
clothes, TV shows, snacks). School becomes a very
important part of their life, bringing out issues of sep-
aration, mastery, and social skills. Children this age
have the cognitive and language abilities to under-
stand and respond appropriately to direct questions
and should be encouraged to be active participants in
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the health supervision visit (this can include demon-
strating reading ability and making a drawing of
themselves with their family).

GROWTH AND DEVELOPMENT

* The changes that take place between kindergarten and
third grade are at once gradual and spectacular.

* Children’s rate of physical growth slows down
(approximately 6 cm/year and 3 kg/year). Their devel-
opment, however, continues at a rapid pace.

MotoRr

* Strength, speed, and coordination rapidly improve. By
5 years they may start to ride a bicycle, skip, and
climb on the monkey bars. By 7 or 8 some begin to
participate in dance and sports. Fine motor coordina-
tion also improves. Tasks that they learn range from
drawing a square and tying shoe laces to writing and
becoming involved in art or in playing a musical
instrument.

LANGUAGE

* By 5 years of age children’s speech should be 100%
clear and fluent. They can tell coherent stories from
start to finish. They follow three-part commands,
use at least five-word sentences, use the future
tense, and count 10 or more objects. Sentence struc-
ture, vocabulary, and language complexity will con-
tinue to progressively increase with age. Studies
show that language delay is the single best predictor
of later learning problems. Therefore it is crucial to
identify and address language delays as early as
possible.

COGNITIVE

* In this period children go from magical and egocen-
tric thinking (e.g., the moon is following me) to more
concrete thinking. They are progressively able to
think about more than one variable at a time (e.g.,
length and width of an object) and so can begin to
understand concepts such as conservation of length,
mass, and volume. Their drawings become more
complex (able to draw a person with 8 parts at 5, 12
at 6, and 16 at 7). In school, learning to read, write,
and do basic arithmetic are the major cognitive mile-
stones achieved during this period. In kindergarten,
children start with grouping and recognizing sym-
bols. By first and second grades children can read
simple sentences and do math operations (e.g., addi-
tion, subtraction). Children who are unable to grasp
these basic skills by the end of second grade will have

a much greater risk of school failure as they get into
the higher grades.

PERSONAL

* At this stage children are able to take care of their
basic personal needs (bathing, brushing teeth, dress-
ing) though they may still require adult supervision.

SOCIAL/EMOTIONAL

* At 5 and 6 years, many children, especially those who
did not attend preschool, can have issues with separa-
tion from their parents, which can make the transition
into school more difficult. As they get older, children
become progressively more independent and begin to
look more outside the family. Peers become more
influential, friendships more important. Gender iden-
tity is well-established and boys and girls usually play
in separate groups. School plays a crucial role in social
development. Children need to learn how to fit in,
make friends, control their impulses, deal with teasing
and peer pressure, interact with teachers and other
adults, sit still, and pay sustained attention (25 minutes
to 1 hour in first grade). Children’s ability to master
these tasks can have a huge and lasting impact on their
self-esteem.

MORAL/ETHICAL

e At this age children understand the difference
between right and wrong, fair and unfair (the latter
being quite devastating!); however, they tend to have
rigid beliefs about rules (they have difficulty with
gray areas—e.g., when is it okay to fell on someone?)
When they follow rules they take them to heart. Thus,
this is an excellent time to teach and enforce family
and safety rules.

BEHAVIOR

* Because of their improved understanding of rules, and
their general desire to please the adults in their life,
children this age tend to be “good citizens”’; however,
this can be a difficult time for children as they are
faced with increased expectations: to succeed in
school academically and socially, to fulfill responsi-
bilities at home (chores, homework, other activities,
interacting with siblings), and to take care of their per-
sonal needs. Failure to successfully handle these
increased expectations can sometimes lead to a sense
of inferiority, with long-term consequences.

* Learning delays often emerge as the complexity of the
required tasks increases (usually first and second
grades), and often manifest themselves as behavior
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problems. Conversely, with increasing demands,
behavior problems such as attention deficit and impul-
sivity, which may have been noted before, become
more acute and distressing for children and their
families.

NUTRITION

* Children this age typically don’t eat very much,
because they are not growing as fast as before; how-
ever, given the increased sedentary lifestyle of many
children and the intense marketing of “junk food” to
this age group, it is not surprising that 13% of school
age children are overweight (weight for age >95%).
Therefore nutritional counseling is very important
(e.g., serve three meals and two healthy snacks per
day, limit junk food, limit portion size to the size of
the child’s fist, model and encourage eating a healthy
and balanced diet).

SLEEP

¢ Children this age should sleep 10—12 hours per night.

ILLNESS

* Recurrent idiopathic pain (e.g., headaches, abdominal
pain, limb pain), and habit problems (e.g., nail biting,
hair pulling, thumb-sucking) are common in school,
aged children and are often associated with stress.
Identifying and addressing the sources of stress is
often more helpful than embarking on an extensive
medical workup.

PAST MEDICAL HISTORY

* It is important to review the PMH because many fac-
tors, such as recurrent or chronic otitis media, multi-
ple hospitalizations, in utero exposure to drugs, lead
poisoning, and prematurity, may have an impact on
school performance.

PHYSICAL EXAM

* The PE will usually provide little new information in
children with previously normal physicals. The exam
should focus on growth (weight, height, weight/height,
BMI), caries and dental problems, and signs of
abuse/neglect. As children get older the exam should

also include screening for scoliosis and looking for
signs of early puberty in girls.

SAFETY

* Forty percent of deaths in this age group are the result
of unintentional injury. Children should be closely
monitored especially around pools or near the street.
Guns should be locked separately from ammunition,
and poisons/medicines/matches should be kept out of
reach. They should always use seat belts (booster if
under 60 Ib or 59 in.) in the car/school bus, and helmets/
protective gear when riding their bike/scooter/roller-
blades. Because they will be exposed to more adults out-
side the home, they must be taught about “private parts,”
“good-touch/bad-touch,” and “telling mom/dad if anyone
makes them feel uncomfortable.”

DISCIPLINE

* Expectations and responsibilities (e.g., chores, home-
work) should be clear, and consistently enforced.
Punishment should be fair and logical, e.g., “you can’t
go out to play because you didn’t pick up your toys.”
For the most part, children this age are eager to please,
so it is important to attend to this positive behavior and
spend individual time with them. Because their con-
cept of rules is concrete (they should apply equally to
everybody), parents also have to model good behavior
(e.g., teaching how to resolve conflict without vio-
lence) if they expect their child to do so as well.
Finally, because peer groups become increasingly
more influential in children’s choices and behaviors,
parents need to know their child’s friends and their
families.

HEALTHY HABITS

* Promotion of healthy habits should include using sun-
screen, brushing teeth twice a day, seeing a dentist
every 6 months, encouraging physical activity, having
a smoke-free environment, and beginning to discuss
avoiding alcohol/tobacco/drugs.

SCHOOL

* Parental involvement is very important for children’s
success in school. Even before their child starts
kindergarten, parents should be encouraged to read to
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their children. When parents read to their children
starting at an early age, they develop improved lan-
guage and literacy skills. When these children get to
school they are more prepared, they love books, want
to learn, and are eager to learn to read on their own.
Children who are not prepared face the task of learn-
ing without context or background. They lack the
enthusiasm and even the understanding of why they
are learning, so learning to read becomes a boring
memorization task. By the end of second grade, chil-
dren are expected to be able to discuss and write about
the meaning of what they read, so those that get stuck,
that take so much time figuring out each word that
they can’t get at the meaning, fall farther and farther
behind. For those children who have difficulties learn-
ing how to read, intervention (e.g., tutoring, pullout
classes) needs to take place as soon as possible,
preferably before third grade. Even for children who
are not having difficulties, parents should be encour-
aged to continue reading at home, to meet regularly
with the teacher, and be involved in school as much as
possible. Parents should have high (though achiev-
able) expectations for their children’s academic per-
formance and help them achieve these goals.

AFTER-SCHOOL ACTIVITIES

* Many children start extracurricular activities at this age
(team sports, art, music, and so on). Parents need to
keep a healthy perspective on these activities, not get-
ting caught up in competition, pressuring kids early
on, or overscheduling them so they have no time for
independent play, family, or rest. On the other hand,
a great number of children spend large amounts of
time sitting in front of the TV or playing video
games. It is recommended that TV/video games be
limited to a maximum of 2 hours per day, and that
parents monitor the content of what their children see
and play to limit their exposure to violence.

IMMUNIZATIONS
* By this age children should have two measles, mumps,

and rubella (MMRs), five DTaPs, four injectable polio
vaccine (IPVs), Varivax, four PCV7, and three Hep Bs.

OTHER SCREENING

* Screening should include checking blood pressure
and vision/hearing, as well as assessing risk for

hyperlipidemia and tuberculosis (lipid profiles and
purified protein derivative of tuberculin [PPD] should
be done based on risk factors).

10 HEALTH SUPERVISION:
PRE-ADOLESCENCE AND
ADOLESCENCE
Robert Garofalo

INTRODUCTION

* Representing the stage of human development
between childhood and adulthood, adolescence is a
time of tremendous physical, cognitive, social, psy-
chologic, and sexual change. From a traditional med-
ical perspective, adolescence is considered one of the
healthiest periods of life, but it also is generally
amongst the most problematic. The leading causes of
morbidity and mortality among adolescents—including
pregnancy, sexually transmitted diseases, unintentional
injuries, substance use, and depression and other
mental health disorders—are largely preventable.
They often arise from health-risk behaviors as ado-
lescents have difficulty coping with the many
changes they are faced with. Adolescent medicine
therefore focuses on more than narrowly defined
medical issues, but takes a holistic approach consid-
ering the variety of psychosocial issues that affect
daily well-being. Pediatric clinicians caring for ado-
lescents should:

Address acute health care problems.

Provide comprehensive general health care, includ-
ing clinical preventive services.

Promote health education encouraging teenagers to
make appropriate decisions and lead healthy
lifestyles.

Support and assist parents in providing supervision
and guidance to their adolescents.

LEGAL ISSUES

* For many adolescents, the interface between the
health care system and the law revolves around the
issues of consent and confidentiality.
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CONSENT

* In the United States, the right of a minor (any individ-
ual under age 18) to consent to treatment without
parental knowledge is governed entirely by state laws
that vary considerably. Adolescents and pediatric health
care providers should be keenly aware of state laws sur-
rounding consent and confidentiality, as well as how
their individual health care agencies (i.e., hospitals,
community health centers, public clinics) interpret
them. Most state laws governing adolescents’ rights
have age limitations generally around age 12—16 years.
In particular, exceptions are frequently made empower-
ing adolescents to consent to medical care for public
health services such as sexually transmitted disease
(STD) treatment, substance abuse or mental health
problems, and family planning (i.e., contraceptive)
services. The right of an adolescent to get an abortion
varies greatly by state. Adolescents may also be exempt
from the requirements of parental consent if they meet
one of the following requirements:

MATURE MINOR

* Generally individuals 14 years of age or older who
understand the risks and benefits of the services being
provided and are therefore able to give informed con-
sent. This principle is increasingly invoked to provide
to an adolescent health care services that are considered
low risk, will benefit the minor, and are well within
established medical practice standards. Clinicians
caring for adolescents under this provision typically
document that the adolescent has acted responsibly.

EMANCIPATED MINORS

* Generally individuals 16 years or older who live away
from home, manage their own financial affairs, are
married, or are members of the armed services.
Emancipation is a legal designation and must be
obtained in a court of law. Emancipated minors can
receive any form of health care services without
parental consent. Pregnant and parenting females are
often given the rights associated with emancipation.

MEDICAL EMERGENCIES

* An adolescent may be treated without parental con-
sent if, in a clinician’s judgment, delay resulting from
attempts to contact a parent might jeopardize the well-
being of the minor.

CONFIDENTIALTY

* Legal statutes governing confidentiality of adolescent
health care services are far more inconsistent than

policies governing consent. As a general principle,
most adolescent medicine providers feel the right to
self-consent for health care services carries with it the
right to confidentiality about that information. Widely
held exceptions to the accepted principles of confi-
dentiality include conditions requiring mandatory
reporting such as cases of abuse or when there is the
possibility of self-imposed harm to the minor.

FEDERAL LAw

* The Health Insurance Portability and Accountability
Act (HIPAA) originally passed by President Clinton in
1996 allowed minors to maintain the confidentiality
of medical records related to all care that they law-
fully consented to under state or federal law (i.e., thus
linking the concept of consent and confidentiality).
However, the final HIPAA regulations published in
2002 under President Bush severed the link between
minors’ right to consent and their ability to keep their
medical records private. Under HIPAA, minors now
only control their medical records when states explic-
itly authorize them to do so. When state laws either
require or permit disclosure to parents, the HIPAA
regulation allows the health care provider to comply
with that law.

STATE LAW

* Most state laws are silent on the subject of confiden-
tiality of adolescents’ medical records. Colorado and
New York are notable exceptions. It is often left up to
the medical provider or health care institution to
decide whether to maintain the confidentiality of an
adolescent’s medical records.

STAGES OF ADOLESCENT
DEVELOPMENT

* Because adolescents vary over a wide range of
chronological ages, it is useful to characterize an indi-
vidual within the context of early, middle, or late
stages of adolescent development. Each stage is
marked by a set of biologic, psychologic, emotional,
and sociocultural issues (Table 10-1). These changes
do not occur in an all-or-none manner, and individual
variation exists in terms of timing and quality.

BIOLOGIC

* Puberty and pubertal changes are the hallmark of the
biologic changes associated with adolescence. The
somatic and physiologic changes give rise to the sexual
maturity rating (SMR) or Tanner stages (Figs. 10-1 and
10-2). Adolescents gain up to 25% of their adult height
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TABLE 10-1 Stages of Adolescent Development

VARIABLE EARLY ADOLESCENCE MIDDLE ADOLESCENCE LATE ADOLESCENCE
[AGE 10-13) (AGE 14-16) [AGE 17 AND ABOVE)
Biologic Onset of puberty and secondary sex Peak height growth and body Slower growth; acquisition of adult
characteristics (SMR 1-2); beginning composition changes (SMR 3-5); body composition
of rapid growth acceptance of body changes

Psychologic/Emotional ~ Concrete thinking; preoccupation with
changing body appearance;
egocentrism; wide mood swings;
reassurance of normalcy (“Am I normal?”)

Sociocultural Independence from parents; peer group
identification (same sex); sexual
interest exceeds activity; idealistic
vocational goals

Emergence of abstract thought;
sense of invincibility; begin to
develop future time perspective

Peak parental conflict and peer
conformity; autonomy is chief
concern; sexual experimentation
and increased risk-taking

Formal operational thinking; focus on
identity in relation to society;
increasing sense of vulnerability

Reacceptance of parental values, peers
less important than supportive
intimate relationships; risk-taking
behavior decreases; career planning

and 50% of their adult weight during this period.
Individuals vary greatly with regard to onset and rate of
pubertal development.

FEMALE PUBERTAL CHANGES

* Typically start between 8 and 13 years of age, and pro-
ceed for 3—4 years. Breast development (thelarche)
generally precedes pubic hair development (pubarche).
Peak height spurt occurs midway through puberty
(SMR 3) and is associated with fat deposition. Average
age of menarche approximately 12.5 years (SMR 3-4).

MALE PUBERTAL CHANGES

» Typically start between 9 and 14 years of age, and
proceed for 3-3.5 years. Testicular enlargement is the
first sign of male pubertal development. Peak height
velocity occurs in the latter half of puberty (SMR 4)
and is associated with muscle mass development.

PSYCHOLOGIC

* Piaget characterized adolescent thought processes as
becoming increasingly sophisticated, from concrete to

FIG. 10-1 Sex maturity rating (SMR) for male
genitalia and pubic hair development. Ratings for
pubic hair and genital development can differ in a
typical boy at any given time because pubic hair
and genitalia do not necessarily develop at the
same rate. SMR 1: Prepubertal—no pubic hair;
genitalia unchanged from early childhood. SMR
2: Light downy hair develops laterally and later
4 becomes dark. Penis and testes may be slightly

larger. Scrotum becomes more textured. SMR 3:
Pubic hair has extended across the pubis. Testes
and scrotum are further enlarged. Penis is larger,
especially in length. SMR 4: More abundant pubic
hair with curling. Genitalia resemble those of an
adult. Glans penis has become larger and broader.
Scrotum is darker. SMR 5: Adult quantity and pat-
tern of pubic hair, with hair present along the inner
border of the thighs. Testes and scrotum are adult
in size (Daniel and Paulshock, 1979).
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FIG. 10-2 Sex maturity rating (SMR) for
female breast development and pubic hair devel-
opment. (a) SMR 1 (not shown): Prepubertal —
elevations of papilla only. SMR 2: Breast buds
appear; areola is slightly widened and projects as
small mound. SMR 3: Enlargement of the entire
breast, with no protrusion of the papilla or nipple.
SMR 4: Enlargement of the breast and projection
of areola and papilla as a secondary mound. SMR
5: Adult configuration of the breast, with protru-
sion of the nipple. Areola no longer projects sepa-
rately from the remainder of the breast. (b)) SMR
1: Prepubertal — no pubic hair. SMR 2: Straight
hair extends along the labia and between ratings 2
and 3, begins on the pubis. SMR 3: Pubic hair has
increased in quantity, is darker, and is present in
the typical female triangle but in smaller quantity.
SMR 4: Pubic hair is more dense, curled, and
adult in distribution but is less abundant. SMR 5:
Abundant, adult-type pattern; hair may extend
onto the medial aspect of the thighs (Daniel and
Paulshock, 1979).



34 SECTION 1 e PRINCIPLES OF PEDIATRIC CARE

formal operational abstract thinking. This cognitive
transition is evident in a variety of ways:

SENSE OF INVINCIBILITY

» Early and middle adolescents participate in health-
risk behaviors in part because they believe that nega-
tive outcomes such as pregnancy, STDs, and serious
injury happen to others but not them. As they mature
into adulthood they begin to see these activities as
increasingly risky.

SENSE OF SELF

* Early adolescents are often preoccupied with bodily
changes and are relatively self-centered and egocen-
tric. With the development of formal operational
thought, adolescents become more capable of consid-
ering perspectives other than their own and develop an
adult sense of time and the future.

SOCIOCULTURAL

* The struggle for independence from parents, the emer-
gence of important peer groups and romantic relation-
ships, and the evolution of a sexual identity mark the
sociocultural transitions associated with adolescence.

HEALTH ASSESSMENT
OF ADOLESCENTS

* The complexities of the physical, psychosocial, and
developmental processes that occur during adolescence
make routine health maintenance visits critical. The
American Medical Association’s Guidelines for
Adolescent Preventive Services (GAPS) is a commonly
used set of criteria designed to assist the health care
provider with comprehensive adolescent-specific serv-
ices (Table 10-2). Other commonly used guidelines for
the health assessment of adolescent patients include
guidelines published by the American Academy of
Pediatrics Committee on Practice and Ambulatory
Medicine and the Maternal Child Health Bureau’s
Bright Futures. There is much overlap and agreement
between these documents and the implementation or
utilization of either can be of tremendous assistance to
the provision of comprehensive care. It is generally
accepted that adolescents have a scheduled clinical visit
at least once per year whether for anticipatory guid-
ance, health care screening, or physical assessment.

INTERVIEWING THE ADOLESCENT

* Although some time should be spent with the parent(s)
to identify their health-related concerns, most of the

visits and patient interviews occur alone with the ado-
lescent, unless he/she specifically requests parental
presence. This may be a disconcerting transition for
parents and younger adolescents used to a traditional
pediatric practice. The health care provider should
assist the parent and the adolescent in understanding
the importance of privacy and setting an expectation
for increasing autonomy in the health care process.
Issues of confidentiality and privacy should be
addressed with new and established patients along
with conditions under which confidentiality might
need to be altered (i.e., life or safety threatening situa-
tions). In addition to the standard medical history, the
goal of the clinical interview is to establish rapport
between patient and provider and to identify problems
or issues of concern. Since many of the leading causes
of adolescent morbidity and mortality are preventable
and result from risk-taking behaviors, the hallmark of
the adolescent interview is the psychosocial history.
The mnemonic HEADDSS is often used to guide the
clinicians’ systematic review of various systems:

H-HoME

* “With whom do you live?”

* “How are things at home?”

* “How do you get along with your parents and siblings?”

* “What would change in your home or family to make
them better?”

E-EDUCATION

* “How is school going?”

* “In what subjects do you do well?”

* “What classes do you find interesting/boring?”

» “Have you ever been suspended from school?”

* “How are your grades in comparison to last year?”

* “How many days this year have you missed school?”

A-ACTIVITIES

* “When you are not in school, what do you do with
your free time?”

* “How much television do you watch each day?”

* “What do you do for exercise?” “How often?”

* “Do you have a best friend that you can rely on?”

* “Do you or your friends ever get into fights?”

* “Do you or your friends ever carry weapons?”’

D-Drucs

* “Have you ever tried cigarettes, alcohol, or other
drugs?” “Which ones?”

* “With whom do you use drugs or alcohol?” “Alone or
with friends?”

* “Do you ever drink alcohol or use drugs at home?”
“At school?”

* “Do any of your friends use alcohol or drugs?”
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TABLE 10-2 Guidelines for Health Services of Adolescent Patients
AGE OF ADOLESCENT

EARLY MIDDLE LATE
PROCEDURE 11 12 13 14 15 16 17 18 19 20 21
Health Guidance
Parenting” —— e
Development . . . . . . . . . . .
Diet and Fitness . . . . . . . . . . .
Lifestyle? . . . . . . . . . . .
Injury Prevention . . . . . . . . . . .
Screening History
Eating Disorders . . . . . . . . . . .
Sexual Activity® . . . . . . . . . . .
Alcohol and Other Drug Use . . . . . . . . . . .
Tobacco Use . . . . . . . . . . .
Abuse . . . . . . . . . . .
School Performance . . . . . . . . . . .
Depression . . . . . . . . . . .
Risk for Suicide . . . . . . . . . . .
Physical Assessment
Blood Pressure . . . . . . . . . . .
BMI . . . . . . . . . . .
Comprehensive Examination ~— —e— —.— —.
Tests
Cholesterol -1- -1- -1- -1- -1-  -1- -1- | -1- -1- -1-  -1-
TB -2- -2— -2-  2- | 2= -2- -2- | 2=  -2- -2- -2-
GC, Chlamydia, and HPV -3- -3- -3-  3- | 3 -3 -3- | 3 3- -3-  -3-
HIV and Syphilis —4- —4- -4 4 | 4 4 -4 | 4 4 —4- 4
PAP Smear -5- —5- -5- 5 | 5= -5- -5- | -5-  -5- -5- -5-
Immunizations
MMR .
TD e
HBV* —6— —6— —6—
1. Screening test performed once if family history is positive 3. Screen at least annually if sexually active.
for early cardiovascular disease or hyperlipidemia. 4. Screen if high-risk for infection.
2. Screen if positive for exposure to active TB or lives/works 5. Screen annually if sexually active or if 18 years
in high-risk situation (e.g., homeless shelter, jail, and health or older.
care facility). 6. Vaccinate if high-risk for hapatitis B infection.

@ A parent health-guidance visit is recommended during early and middle adolescence.
b Includes counseling regarding sexual behavior and avoidance of tobacco, alcohol, and other drug use.
¢Includes history of unintended pregnancy and STD.
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* “What do you do if your friends encourage you to use
drugs or alcohol?”

* “Have you ever driven a car while drinking or using
drugs?”

* “Have you gotten into a car with someone drinking
alcohol or using drugs?”

D-DIET

* “How do you feel about your weight?”’ “What would
be your ideal weight?”

* “Do you think you are too heavy, too thin, or just
about right?”

* “Have you ever tried to change your diet to either lose
or gain weight?”

* “Have you ever used vomiting to keep your weight
stable?”

* “Do you eat meat?”

* “How much milk or milk products such as cheese do
you eat each day?”

S-SEXUALITY

* “Have you ever been attracted to boys, girls, or both?”

* “Are you dating or going out with someone?”

* “Do you consider yourself gay/lesbian, bisexual, het-
erosexual, or not sure?”’

* “Have you ever had vaginal or anal sexual intercourse?”

* “Have you had intercourse with men, women, or both
sexes?”

* “What do you use for protection against pregnancy or
STDs?”

* “What percentage of the time do you use condoms?”
“10, 25, 50, 100%?”

* “Have you had any sexual experiences/contact that
you did not want to?”

* “Have you ever had an STD?”

S-SUICIDE/DEPRESSION

* “Do you see yourself as generally happy or sad?”

* “Do you ever get down or depressed?”

* “Whom can you talk with when things are difficult or
you are feeling sad?”

* “What do you see yourself doing 5 years from now?”

* “Have you ever thought of dying or hurting yourself?”

* “Tell me about the last time you really enjoyed your-
self.”

PHYSICAL EXAMINATION

» Similar to the patient interview it is generally pre-
ferred to perform the physical examination in private
without parents present. However, adolescents may be
more comfortable with one or both parents present
during the examination and should be offered the

option if they prefer. From a health maintenance per-
spective, the physical examination is particularly
important for early adolescents who may be con-
cerned about the normalcy of bodily shape, size, and
function. Although a comprehensive physical exami-
nation should be performed on all adolescents as per
recommended guidelines (Table 10-2), special atten-
tion should be paid to the following:

VITAL SIGNS

* Height, weight, and body mass index (BMI) are im-
portant measures to evaluate in every adolescent
patient and should be plotted in the appropriate charts.
Hypertension screening through routine blood pres-
sure determination should be performed. Measurement
should be evaluated in comparison to established age-
specific norms that increase with pubertal maturation.

SKIN

* Acne is one of the most common disorders of adoles-
cence. Although it is rarely a serious medical problem,
in moderate to severe cases it may be emotionally dev-
astating to an adolescent because of its impact on per-
sonal appearance.

DENTITION

* Dental hygiene including the frequency of dental care
should be evaluated with every adolescent. Encourage
daily brushing with fluoridated toothpaste to help pre-
vent dental caries, and regular visits to an oral health
care provider.

BREASTS

e Examination of the female adolescents’ breasts is
done not only to detect masses, to evaluate the pro-
gression of sexual maturation, but also to educate
about what is normal and to teach the technique of
self-examination with the hope that this practice will
continue into adulthood.

MUSCULOSKELETAL

* Progressive idiopathic scoliosis occurs primarily in
growing adolescents. Scoliosis is typically manifested
during the peak of the height velocity curve (i.e.,
approximately 12 years in females and 14 years in
males). The routine examination should include an
assessment of any asymmetries of the neck, shoulders,
scapulae, spine, waist, and hips. A scoliometer can be
a useful tool in the office setting to determine the angle
of trunk rotation (ATR) on the area of greatest asym-
metry. If the ATR is <5° this can likely be observed. If
the ATR is >5° then a radiograph should be obtained so
that a Cobb angle (i.e., degree of curvature of the
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spine) can be measured. Patients with Cobb angles of
>20° on radiograph should be referred to an orthope-
dic specialist for evaluation.

NECK
e The routine examination of all adolescents should
include an evaluation of the size of the thyroid gland.

MALE GENITALIA

» Examination of the male genitalia is done to evaluate
for progression of sexual maturity as well as to detect
the presence of urethral discharge, inguinal hernias,
scrotal masses, or penile lesions. Similar to the breast
examination in adolescent females, this represents an
opportunity to educate adolescent males on the value
and proper technique of the testicular self-examination.

FEMALE GENITALIA

* Although many authorities recommend a pelvic exam-
ination in all adolescent females by age 18, there is no
absolute consensus. A pelvic examination should be
performed at least annually in sexually active adoles-
cents or as symptoms dictate (i.e., unusual vaginal dis-
charge, menstrual dysfunction, or lower abdominal
pain). Examination of the external genitalia should be
part of all adolescent female routine examinations to
evaluate progression of sexual maturity as well as to
identify vulvar rash or anatomic abnormality.

LABORATORY TESTING, PROCEDURES,
AND IMMUNIZATION

ROUTINE SCREENING LABS

* Complete blood count (CBC) or hemoglobin: Al-
though the various adolescent guidelines are not in
complete agreement, routine screening among other-
wise healthy adolescents is not generally recom-
mended except in adolescent females at increased risk
of iron-deficiency anemia because of moderate to
heavy menses. Populations at nutritional risk of iron-
deficiency anemia should also be monitored.

* Cholesterol: Screening tests (i.e., nonfasting cholesterol)
are generally performed in individuals with a positive
family history of hyperlipidemia or early cardiovascular
disease. If levels are >200 mg/dL, then fasting choles-
terol, triglyceride, and HDL levels should be measured.

* STD screening: All sexually active adolescents should
receive annual screening for chlamydia and gonorrhea
regardless of symptoms. Although some guidelines
recommend human immunodeficiency virus (HIV)
and syphilis screening only among high-risk adoles-
cents (young men having sex with other men, persons
with multiple sex partners, and persons who exchange

sex for money, drugs, or shelter), annual screening
remains the standard of care in many communities.
Cervical cytology: Sexually active female adolescents
should get annual cervical cytology screening either
from a traditional Papanicolaou (PAP) test or using
liquid-based medium for sampling (ThinPrep).
Urinalysis: Although not generally recommended,
some health care providers may obtain a urinalysis as
part of the adolescent health maintenance screening
for the possibility of cervicitis, vaginitis, or an asymp-
tomatic urinary tract infection.

PROCEDURES

* Vision screening should be checked as part of routine
primary care so that problems may be detected before
they affect school performance. Audiometry, although
not universally recommended, should be considered
in adolescents exposed repeatedly to loud noises (i.e.,
music), have a history of recurrent ear infections, or
report difficulty hearing.

IMMUNIZATIONS

* Tetanus-diphtheria: All adolescents who have com-
pleted their primary immunization series should
receive a tetanus-diphtheria toxoid vaccination
booster (Td) during their adolescent years (11-16).

* Measles, mumps, and rubella (MMR): Those who have
not previously received their second MMR vaccine
should be administered the vaccine during adolescence.

* Hepatitis B: All adolescents who have not previously

completed the three-injection immunization series

should do so during this period.

Varicella: Health care providers should ask all adoles-

cents about a history of chicken pox disease. If negative,

they may check serum for varicella antibody before
administering the vaccine. In adolescents >12 years of
age, the varicella vaccine is administered in two doses.

Since this is a live virus vaccine, it is generally con-

traindicated in individuals with cell-mediated immune

deficiencies.

Tuberculosis (TB): A Mantoux tuberculin skin test

(purified protein derivative of tuberculin [PPD]) is rec-

ommended only in adolescents at increased risk of

acquiring tuberculosis. This includes immediate skin
testing for anyone having contact with persons con-

firmed or suspected of having infectious TB and immi-

grants from endemic countries or adolescents who

have a travel history to endemic countries. Periodic
screening is recommended in HIV-infected, homeless,
incarcerated, and other high-risk adolescents.

Others: Additional vaccinations such as the influenza,

hepatitis A, and pneumococcal vaccines should be

administered only in specific subpopulations of ado-
lescents.
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MENSTRUAL DISORDERS
NORMAL MENSTRUATION

* Onset of menarche typically between 10 and 16 years
of age, with average being approximately 12.5 years.

* Menarche occurs during SMR 3-4, typically 1-3 years
after initiation of puberty.

* Age of menarche influenced by family history, stress,
exercise, substance use, height/weight, chronic dis-
ease, race/ethnicity, and percent body fat (i.e., 17%
necessary for onset of menstrual cycles and 22% nec-
essary to maintain regular ovulatory cycles).

* Normal adult ovulatory cycle ranges 21-35 days with
average being 28 days and menstrual flow lasts for
3-7 days.

* Normal blood loss: 40-80 cc/cycle.

* Adolescents more likely to have anovulatory cycles
particularly in first 2 years after menarche.

¢ Anovulation, which can be associated with low
weight, exercise, and eating disorders, may result in
dysfunctional uterine bleeding (DUB), irregular men-
strual periods (oligomenorrhea), or amenorrhea.

AMENORRHEA

DEFINITIONS

* Primary amenorrhea: No menses by age 16 despite
pubertal development, or no menses and no pubertal
development by age 14.

* Secondary amenorrhea: Absence of menses for at
least 6 months, or 3 cycle lengths after the establish-
ment of regular cycles. The definition is variable in
the adolescent population secondary to concerns
about pregnancy.

DIFFERENTIAL DIAGNOSIS

* Primary amenorrhea: Anatomic, chromosomal, or
congenital abnormalities such as an imperforate
hymen, mullerian agenesis, Turner syndromes

(gonadal dysgenesis), and testicular feminization

should be considered in addition to the conditions that

cause secondary amenorrhea.
* Secondary amenorrhea:

1. Pregnancy should always be ruled out as a possible
etiology of secondary amenorrhea.

2. Additional considerations include chronic illness,
central nervous system causes (i.e., tumor), thyroid
disease, hyperprolactinemia, substance use, med-
ications (i.e., phenothiazines), depression, eating
disorders, stress, athletic competition, and hyperan-

drogenism (polycystic ovarian syndromes or
PCOS).

EVALUATION

* The laboratory evaluation of amenorrhea requires a
stepwise approach driven by the history and physi-
cal examination. External or internal genital anom-
alies suspected as etiologies of primary amenorrhea
should be identified by physical examination or
radiologic evaluation when necessary. The remain-
ing clinical and laboratory evaluation can proceed
as follows:

1. Step #1: A pregnancy test (urine or serum) is a key
laboratory test in evaluation of amenorrhea regard-
less of history of sexual activity.

2. Step #2: A vaginal smear or progestin challenge
(10 mg of medroxyprogesterone for 5—-10 days) for
assessment of estrogen status.

3. Step #3: Labs include FSH (Follicle stimulating
hormone), LH (Luteinizing hormone), TSH
(Thyroid stimulating hormone), and prolactin.
Concern about androgen excess warrants the con-
sideration of DHEAS (Dehydroepiandrostrone sul-
fate) as well as free and total testosterone.

4. Step #4: (a) An individual with a high FSH (hyper-
gonadotropic hypogonadism) suggests gonadal
dysgenesis resulting from chromosomal abnormal-
ities or other causes of ovarian failure. In these
individuals a karyotype should be obtained. (b) An
individual with a low to normal FSH (hypogo-
nadotropic hypogonadism) suggests either a hypo-
thalamic cause (stress, eating disorder, athletics,
substance use, and so on), central nervous system
tumor, chronic disease, or other endocrinopathy
(i.e., thyroid disease or PCOS).

TREATMENT
* Depends entirely on the diagnosis.

1. Euestrogenic patients: Regular cycling with either
medroxyprogesterone 10 mg orally for 10-12 days
at least every 1-2 months or daily administration
of the oral contraceptive pill.

2. Hypoestrogenic patient: Consider decreasing phys-
ical activity in athletes or weight gain in patients
with eating disorders. In a patient with gonadal
dysgenesis conjugated estrogens should be admin-
istered first for feminization to progress. This is
then followed by medroxyprogesterone, 5—10 mg
orally for 12-14 days/month.

DYSFUNCTIONAL UTERINE BLEEDING (DUB)

DEFINITION

* Excessive, prolonged vaginal bleeding in adolescents
typically resulting from anovulatory menstrual cycles
and unrelated to structural or systemic disease.
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DIFFERENTIAL DIAGNOSIS

* Include physiologic anovulation that is often typical
of the first 1-2 years postmenarche, foreign bodies
(i.e., tampons), trauma, disorders of pregnancy (i.e.,
ectopic or miscarriage), endometriosis, PCOS, bleed-
ing disorder, endocrinopathy, masses (i.e., polyps or
tumors), medications, pelvic inflammatory disease
(PID) or other STDs.

EVALUATION

* Patient history: Should focus on possible causes
including age of menarche, sexual activity, bleeding
problems, history of abuse, and medication use. The
level of DUB or estimation of blood loss should be
determined (although adolescents are classically poor
historians for this estimation).

* Physical examination: A comprehensive examination
including vital signs (i.e., blood pressure and evaluation
for orthostatic changes) and dermatologic evaluation
looking for signs of bruising, bleeding, or androgen
excess (i.e., acne, hirsutism, acanthosis nigricans). A
pelvic examination should be done in all sexually active
adolescents or if there is concern about foreign body. A
rectoabdominal examination may also be helpful.

* Laboratory studies:

1. Should include a CBC and pregnancy test in all
patients. A sensitive urine pregnancy test or serum
human chorionic gonadotropin (hCG) should be
used to rule out the possibility of ectopic pregnancy.

2. An STD screen, clotting studies including liver func-
tion tests, pelvic ultrasound, and endocrine evaluation
should be considered when clinically appropriate.

TREATMENT
* Depends on extent of anemia and etiology.

1. Mild DUB (normal hemoglobin and hematocrit):
Observation with menstrual calendar to follow
subsequent flow patterns; may consider oral iron
supplementation or administration of nonsteroidal
anti-inflammatory drug (NSAID).

2. Moderate DUB (hemoglobin 9—11 g/dL): Cycling
with monophasic oral contraceptives, barring any
contraindications, along with iron supplementa-
tion. May also consider oral medroxyprogesterone
10 mg daily for 10-14 days.

3. Severe DUB (hemoglobin <9 g/dL):

a. May consider hospitalization, but usually can be
stopped with hormonal therapy. Use monopha-
sic oral contraceptive pills, two to four times per
day until the bleeding stops, then one pill per
day for the remainder of the cycle.

b. In cases of hemodynamic instability or hemo-
globin <7 g/dL, hospitalization pending the

cessation of bleeding is recommended. In patients
unable to tolerate multiple doses of the oral con-
traceptive pill, intravenous Premarin 20-40 mg
every 4 hours up to 24 hours may be used.

c. In cases where the bleeding cannot be con-
trolled by these methods, a gynecologic evalua-
tion for possible endometrial curettage may be
indicated. This procedure is rarely indicated in
the adolescent age group.

DYSMENORRHEA

DEFINITION

* Menstrual pain usually in the lower abdomen. The symp-
toms may include nausea, vomiting, headaches, or back
pain. Menstrual cramps are quite common among ado-
lescent females and are one of the leading causes of
school absenteeism in this demographic group.

1. Primary dysmenorrhea: Painful menstrual cramps
characterized by the absence of specific pelvic
pathology.

2. Secondary dysmenorrhea: Results from underlying
pelvic pathology such as endometriosis.

EVALUATION

* In patients who do not respond to treatment for primary
dysmenorrhea, a pelvic examination should be per-
formed to rule out the possibility of secondary causes.

* Pelvic ultrasound or laparoscopy should be reserved
for severe and unresolved cases.

TREATMENT

* Mild-moderate pain: Often responds well to NSAID
administration because of the inhibition of prosta-
glandin activity. These medications should be initiated
around or shortly after the onset of symptoms.

» Severe pain: A trial of the oral contraceptive pill is
often helpful. In cases associated with endometriosis,
an antigonadotropin or gonadotropin-releasing hor-
mone agonist may be warranted.

PREGNANCY AND CONTRACEPTION
PREGNANCY

* The United States has the highest rate of teenage preg-
nancy in the industrialized world with approximately
one million adolescent pregnancies each year, the
majority of which are unintended. Adolescent parent-
ing has implications for the mother, father, and child.
In comparison to their peers, adolescent mothers are
more likely to abandon vocational and educational
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goals and to live in poverty. They are more likely to
delay seeking prenatal care and have higher rates of
unfavorable birth outcomes such as prematurity and
infant mortality.

DIAGNOSIS AND CLINICAL MANIFESTATIONS

* Pregnancy is the most common diagnosis when an
adolescent presents with secondary amenorrhea or a
history of “missed periods.”

» Additional presenting complaints may be traditional
symptoms associated with pregnancy such as morning
sickness, swollen tender breasts, or weight gain.

» Adolescents who are pregnant may also present with
vague symptoms such as headaches, fatigue, abdomi-
nal pain, or urinary frequency.

* On physical examination, an enlarged uterus, cervical
cyanosis (Chadwick sign), a soft uterus (Hegar sign),
or a soft cervix (Goodell sign) are highly suggestive
of an intrauterine pregnancy.

LABORATORY CONFIRMATION

* Urine evaluation for hCG can determine the presence
of a pregnancy within 10-14 days of conception.

» Serum hCG evaluations are seldom necessary in the
evaluation of a routine pregnancy.

» Serum hCGs are more valuable to either quantifying
the duration of the pregnancy or in the presence of
troubling signs such as bleeding or pain.

COUNSELING AND DECISION MAKING

* Privacy and confidentiality are critical components to
counseling a pregnant adolescent.

» Pregnancy, particularly in younger teenagers, should
raise the concern that the sexual activity may have
been coercive.

* A negative pregnancy test represents an opportunity
for teaching and counseling about reproductive health
and family planning options.

* In a pregnant adolescent, options available to manage
the pregnancy including adoption/foster care, contin-
uation, and termination. These options should be pre-
sented in a nonjudgmental manner.

* Pregnant adolescents should be encouraged to include
parents, partners, or other family members in discus-
sions about options. Parents, most often mothers, have
a large influence on what a pregnant adolescent
decides to do.

* Follow-up is critical as denial or indecisiveness may
delay seeking either adult support or appropriate med-
ical care.

MEDICAL MANAGEMENT

* Pregnant adolescents may need assistance with finan-
cial or social support, continuation of school or
education for successful parenting.

* Adolescents should receive prenatal care as soon as
possible since toxemia and anemia of pregnancy are
more common in this age group.

CONTRACEPTION

» Approximately one-half of all adolescents are sexu-
ally active by about 16 years of age. Adolescents
suffer a disproportionate amount of adverse conse-
quences related to their sexual activity including
STDs and unintended pregnancy. In general, as few as
one-third consistently use effective forms of birth
control. Adolescent males should be encouraged to
use condoms at all times, and adolescent females
should be counseled about the variety of barrier and
hormonal contraceptive options available to them.
Parental support for contraceptive use typically
improves compliance, especially with the oral contra-
ceptive pill.

CONTRACEPTIVE COUNSELING/EVALUATION

* The patient interview should support the adolescent
that is abstinent to continue to be so and identify the
sexually active adolescent that requires contractive
counseling.

* Adolescents with chronic diseases should not be ex-
cluded from discussions of sexuality and contraception.

* Goals of contraceptive counseling: (1) to explore
patient perceptions and misperceptions of various
contraceptive methods and (2) to educate the patient
about the risks and benefits of each option vs. the risk
of acquiring an STD or becoming pregnant.

* Adolescents should be aware of the differences
between contraceptive failure rates with “perfect” vs.
“typical” use.

* The use of the withdrawal method as an ineffective
method of contraception should be addressed with all
adolescents.

* Before starting any form of hormonal contraception,
all adolescents should have a complete physical
examination including blood pressure measurement.
Sexually active youth should receive a pregnancy test,
PAP smear, and comprehensive STD screen.

BARRIER METHODS
* Prevent sperm from entering the uterus or vagina.
1. Condoms:

a. In part related to the fears of acquiring HIV,
condom use among adolescents has increased
over the past decade.

b. Most effective barrier method with a 3% failure
rate with perfect use and a 12% failure rate typ-
ical use.
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€.

Main advantages: low cost, no major side
effects, available without prescription, little
need for advanced planning, and are effective
against HIV and other STDs.

. Often used in combination with a spermicide

but this may increase the risk for acquiring HIV
or another STD.

Available in male and female versions. Female
condoms somewhat more difficult to use.

2. Diaphragm and cervical cap:

a.

Diaphragm: Circular dome that when properly
placed represents a barrier between the vagina
and cervix, thereby blocking sperm from enter-
ing the uterus.

Cervical cap: A firm plastic structure that fits
snugly over the cervical opening.

. When used with spermicides have 6% failure

rates with perfect use and 16—18% failure rates
with typical use.

. Less likely to be used because

i. Adolescents may have discomfort about
touching their genital area.
ii. They require advanced planning for proper
use.
iii. Disrupt the spontaneity of the sexual act.

HoORMONAL METHODS

* Currently use either estrogen in combination with a
progestin or a progestin alone. The estrogen-progestin
combination prevents ovulation and thickens cervical
mucus. The progestin-only methods may prevent ovu-
lation, but also act to impair fallopian tube transport
and thicken cervical mucus making fertilization
and/or implantation less likely.
1. Combination Oral Contraceptive Pills (OCP)

a.

b.
c.

Form of contraception most commonly used by
adolescent females.

Must be taken daily.

Typically contain 20-35 mg of estrogenic com-
ponent (i.e., ethinyl estradiol) along with a
progestin.

. Failure rates <1% with perfect use, but as high

as 6% with typical use (i.e., poor adherence).
Additional benefits:

i. Short term: May include improved acne,
reduced dysmenorrheal and shorter menses.

ii. Long term: Potential help in decreasing risk
of benign breast disease, ovarian cysts, and
certain gynecologic neoplasm.

Side effects:

i. Short term/mild: (a) Nausea, weight gain,
breast tenderness, acne, mood changes, and
headaches. (b) Usually transient. (c) Often
interfere with adherence.

ii. Long term/serious: (a) Thrombophlebitis,
hypertension, and myocardial infarction.
These are quite rare in adolescents. (b)
Amenorrhea occurring after cessation of the
OCP lasting up to 18 months.

g. Contraindications:

1. Absolute contraindications: Pregnancy, history
of breast cancer, estrogen-sensitive neoplasm,
thromboembolic disease, hypercoagulability,
cerebrovascular accident, malignant hyperten-
sion, or hepatocellular disease.

ii. Relative contraindications: (a) Migraine
headaches, borderline hypertension, diabetes,
seizure disorder, sickle cell disease. (b)
Cigarette smoking warrants special consider-
ation and is a relative contraindication in
women aged >35 because of the risk of throm-
boembolism. This is not a contraindication in
adolescents. Nonetheless, adolescents on
OCPs should be encouraged to quit smoking.

2. Other combination methods: These are recently
developed methods that have similar benefits, side
effect profiles, and contraindications as the OCP.
a. Monthly injectable (Lunelle):

i. As efficacious as the OCP but provides the
convenience of a monthly injection.
ii. Administered by health care provider
during first 5 days of menstrual cycle.
iii. Follow-up doses are given every 28 days
(23-33 days).

b. Transdermal patch (OrthoEvra):

i. Patch applied to lower abdomen, upper
body, or buttocks.
ii. Applied weekly for 3 weeks and then
removed to allow for menstrual bleeding.
iii. Weekly administration may improve adher-
ence in comparison to the OCP.
iv. Less effective in obese women weighing
over 200 Ib.
v. Additional common side effects include skin
irritation and detachment.

. Vaginal contraceptive ring (NuvaRing):

i. Flexible vaginal ring inserted into vagina by
the patient.
ii. Remains in place for 3 weeks.

iii. Rings accidentally expelled from vagina can
be reinserted as long as they have not been
out of place for more than 3 hours.

iv. Not a popular contraceptive option for ado-
lescents squeamish about touching their own
genitals.

3. Progestin-only methods:
a. Progestin-only (mini) pill:

i. Generally reserved for adolescents in whom
estrogen is contraindicated.
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ii. Less reliable in preventing ovulation and
therefore has a higher rate of contraceptive
failure.

iii. Because of the pharmacokinetics, must be
taken at the same time each day in order to
be maximally effective.

iv. Higher incidence of amenorrhea and irregu-
lar menstrual bleeding than with OCPs.

b. Injectable progestin (Depo-Provera):

i. Popular method particularly with younger teens
unable to adhere to taking the daily OCP.

ii. Highly effective with failure rates of <1%
with perfect or typical use.

iii. Administered intramuscularly by a health
care provider every 12 weeks.

iv. Common side effects include (a) weight gain
and irregular menstrual bleeding that are fre-
quently problematic for adolescents; (b) amen-
orrhea with a potential delay of fertility for
6-24 months after discontinuation; and (c) the
potential for lowered bone density. Since ado-
lescence is the developmental period in which
the accumulation of bone density is maximal,
Depo-Provera is generally not recommended
in adolescents at risk of osteoporosis.

OTHER
e Intrauterine devices (IUD):

1.

2.

3.

Flexible, plastic objects placed into uterus through
the cervix.

May contain pharmacologically active substances
such as copper or progesterone.

Mechanism of action unclear, but blocks implanta-
tion of the fertilized egg.

. Side effects include pelvic infections, uterine per-

foration, and higher rates of ectopic pregnancy.
Not generally used in adolescents, especially those
with multiple sexual partners because of increased
risk of sexually transmitted infections.

* Spermicides (Nonoxynol-9):

1.

2.
3.

4.

Refers to a variety of agents available as creams,
vaginal suppositories, foams, films, and sponges.
Placed in vaginal cavity shortly before intercourse.
Used in combination with other contraceptives,
as failure rates are quite high when used alone.
Side effects may include vaginitis or local irrita-
tion, leading to concerns about the mucosal
damage and increased risk for acquiring STDs.

EMERGENCY CONTRACEPTION (THE MORNING

AFTER PILL)

* Oral high-dose estrogen or progestin-only prepara-
tions used within 72 hours after intercourse to prevent
pregnancy.

* Yuzpe method:

1.
2.

e

Commonly used in the United States.

Consisting of using two doses, 12 hours apart, of
combination OCPs totally 100 ug of ethinyl estra-
diol in each dose. Common choices for each dose
include (a) Ovral two pills. (b) Lo-Ovral four pills.
(c) Nordette four pills.

. Disrupts hormone pattern to create an unstable

uterine lining for implantation.

May come in prepackaged emergency contracep-
tive kit (Preven).

Effective at reducing risk of pregnancy by 75%.
Common side effects include nausea and emesis,
prompting some clinicians to recommend over-the-
counter antiemetics (i.e., meclizine hydrochloride
or Dramamine) along with each dose.

e Plan B:

1.

Progestin emergency contraceptive kit containing
two pills each with 0.75 mg of levonorgestrol.

. Nausea and vomiting much less common than with

Yuzpe method.

Similar efficacy rate to Yuzpe method.
Recommended in adolescents for whom estrogen
use is contraindicated.

* Management and follow-up:

1.

In most health facilities a pregnancy test is admin-
istered prior to prescribing emergency contracep-
tion. This is somewhat controversial since there is
no evidence to suggest that use of emergency con-
traception would affect early fetal development or
adversely affect a previously undetected pregnancy.

. All adolescents should receive counseling about

the efficacy, mechanism of action, and side effects
of the different methods.

. A 2-week follow-up visit is recommended to deter-

mine the effectiveness of treatment, diagnose a
possible early pregnancy, and provide appropriate
contraceptive counseling for the future.

SEXUALLY TRANSMITTED
AND GENITOURINARY INFECTIONS

STI (Sexually Transmitted Infections)

GENERAL CONSIDERATIONS

* The United States has highest STI rate of any indus-
trialized nation with approximately four million ado-
lescents acquiring an STI annually.

* Adolescent STI risk factors:

1.

Biologic: Cervical ectopy (i.e., this maturational
process occurs normally in adolescents and is
marked by the involution of the cellular lining of
the ectocervix changing it from a single layer of
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columnar cells to a thicker squamous cell layer)
imposes a unique vulnerability to infection to ado-
lescent females.

2. Behavioral: Multiple sexual partners, inconsistent
condom use, and sexual activity while using alco-
hol or other drugs.

3. Social: Lack of access to care, poverty, concerns
about confidentiality, unequal power dynamics in
sexual relations.

* Almost all adolescent STIs can exist without clinical
symptoms making education, screening, early detec-
tion, and treatment critically important.

* Annual comprehensive screening for STIs should be
done in sexually active adolescents.

VAGINITIS

* Superficial infection of the vaginal mucosa that fre-
quently involves the vulva and typically presents with
discharge.

* Differential diagnosis includes bacterial vaginosis,
trichomoniasis, and yeast vaginitis (Fig. 10-3).

* Bacterial vaginosis:

1. Sexually- “associated” infection, not STI.
2. Pathogen: Gardnerella vaginalis.

Appearance of vaginal discharge White, floccular

pH
Amine odor

<4.5
=)

Wet preparations Mycelia

T

No Yes
(no white cells,

trichomonads; if

symptoms of

itching, do Biggy

agar culture) Candida

Normal vaginal
discharge

3. Classic presentation:

a. Fishy, malodorous, gray, homogenous discharge.

b. May also present with irregular menses.

4. Diagnosis: Based on identification of clue cells
(i.e., vaginal epithelial cells covered with frag-
ments of gram-negative rods) on wet prep of vagi-
nal discharge.

5. Treatment:

a. Oral metronidazole 500 mg bid for 7 days or
metronidazole intravaginal cream.

b. Alternative treatment: Single oral dose of
metronidazole (2 gm) or oral Clindamycin 300
mg bid for 7 days.

c. Avoid metronidazole in pregnant adolescents as
may be harmful to fetus.

d. No recommendation to treat partners.

* Yeast vaginitis:

1. Most common form of vaginitis.

2. Pathogen: Candida albicans, but other fungal
species as well.

3. Classic presentation:

a. Cheesy, white discharge associated with vulvar
pruritus.

b. Occurs more frequently after systemic antibi-
otic use and in diabetics, pregnancy, and HIV-
infected individuals.

Gray, yellow
Homogenous
>4.5
(+)
Trichomonads Clue cells
Yes No Yes
(white cells
present)

If white cells With few white
present and cells, no
lactobacilli lactobacilli
absent present

Trichomonas

l l

Needs further Bacterial
evaluation for vaginosis
cervicitis and

trichomoniasis

(not initially

diagnosed)

(If purulent endocervical discharge, diagnosis is cervicitis; culture for N. Gonorrhoeae, C. trachomatis)

FIG. 10-3 Differential diagnosis of vaginitis.
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3. Diagnosis: Based on the presence of hyphae and
yeast in vaginal discharge mixed with potassium
hydroxide (KOH).

4. Treatment:

a. Single oral dose of fluconazole (150 mg).
b. Topical intravaginal antifungal preparation
(i.e., suppository, cream, tablet) for 3—7 days.
c. Topical agents to be used in pregnancy.
d. Recurrent infections (>4 per year) treated more
aggressively.
* Trichomonas:

1. Sexually transmitted infection

2. Pathogen: Trichomonas vaginalis (flagellated
protozoan)

3. Classic presentation:

a. Frothy, greenish-yellow, malodorous discharge.

b. Postcoital bleeding and/or dyspareunia.

c. Approximately 50% of cases are asympto-
matic.

4. Diagnosis:

a. Based on presence of flagellated organisms and
white blood cells seen on wet prep (normal saline).

b. False-positives seen with some frequency on
PAP smear.

5. Treatment:

a. Single oral dose of metronidazole (2 gm) or oral
metronidazole 500 mg bid for 7 days.
b. All sexual partners should be treated.

URETHRITIS

PRESENTATION

* Inflammation of the urethra presenting most typically
as discharge or dysuria.

* Urinary frequency, urgency, pruritus, and erythema
of the urethral meatus are less common presentations.

* Asymptomatic or minimally symptomatic presenta-
tions are common especially in males.

COMMON PATHOGENS

* Neisseria gonorrhea (GC)—most likely to be symp-
tomatic.

* Nongonococcal species (NGU): Chlamydia tra-
chomatis (most common), Ureaplasma urealyticum,
Trichomonas vaginalis, and E. coli.

DIAGNoOSIS
* Typically requires at least one of the following:
1. Mucopurulent discharge from the urethral meatus.
2. Positive leukocyte esterase test on first voided
urine specimen (10-15 cc).
3. Gram stain of urethral secretions with >5 WBCs
per high-powered field.

4. Other diagnostic tests:
a. Nucleic acid amplification tests (NAATS) such
as polymerase chain reaction for chlamydia.
b. Culture or DNA probes for gonorrhea.

TREATMENT
* General recommendations:

1. In symptomatic patients, treat presumptively for
GC and NGU.

2. Await results of diagnostic testing in asymptomatic
screeners.

3. Always treat for both GC and NGU if culture is
positive for GC.

4. Treat all sexual partners within 60 days of exposure.

5. Single dose treatments preferable in adolescents
because of concerns of poor adherence.

* GC:

1. Singular dose of intramuscular ceftriaxone (125 mg).

2. Single dose of oral cefixime (400 mg).

3. Single dose of oral ciprofloxacin (500 mg) —
dependent on geographic area because of the emer-
gence of resistance.

* NGU:
1. Single dose of oral azithromycin (1 g).
2. Oral doxycycline 100 mg bid for 7 days.

CERVICITIS

PRESENTATION

* Inflammation of the cervix resulting in a friable cervix
or discharge.

e Irregular menstrual bleeding.

* Asymptomatic presentation.

CoMMON PATHOGENS
* Similar to urethritis.
* Most common are gonorrhea and chlamydia.

DIAGNOSIS AND TREATMENT
¢ See above treatment recommendations for urethritis.

GENITAL ULCER SYNDROMES

* Ulcerative lesions are commonly seen on the vulva
and penis, but may also occur on the oral, rectal, and
cervical mucosa depending on the sexual behavior of
the adolescent.

PATHOGENS
* Most common: Treponema pallidum (syphilis) and
herpes simplex virus (HSV) (Table 10-3).
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TABLE 10-3 Common Pathogens and Presentations for Genital Ulcer Syndromes

DISEASE ORGANISM ULCER LYMPHADENOPATHY
Genital herpes HSV-2, HSV-1 Small, painful when Typically associated with
palpated, vesicles, primary infection, firm, tender
multiple
Syphilis Treponema pallidum Painless, indurated, Firm, nontender or
well-demarcated, minimally tender, rubbery
singular
Chancroid Hemophilus ducreyi Painful, soft or Fluctuant, tender, erythema,
indurated, purulent, “bubo” formation, may rupture
often multiple
Lymphogranuloma Chlamydia trachomatis ~ Usually absent, Fluctuant, tender
venereum singular
Donovanosis Calymmatobacterium Painless, chronic, None
(granuloma inguinale) granulomatis spreading

* Others: (a) Hemophilus ducreyi (chancroid). (b)
Chlamydia trachomatis (lymphogranuloma venereum).
(c) Calymmatobacterium granulomatis (granuloma

inguinale).

SYPHILIS (SPIROCHETE)

* Clinical presentation: Three stages of disease
1. Primary (10-21 days following exposure):
a. Painless ulcer (chancre) with or without

regional adenopathy.

b. Usually singular, but may be multiple.
c. Chancre absent in 15-30% of cases.
2. Secondary (2—-6 months after chancre):
a. Caused by hematogenous spread of spirochete.

b. Generalized malaise.

c. Lymphadenopathy, headache, fever, arthralgias.
d. Rash: Generalized or palms and soles distribu-

tion.

3. Tertiary (years following initial infection):
a. Unusual presentation in adolescents.
b. Cardiovascular changes, central nervous system
changes, and musculoskeletal involvement.

* Diagnosis:

1. Dark-field or direct fluorescent antibody testing of

lesion.

2. Screening: Serologic tests for presumptive diagnosis
a. Nontreponemal tests (Venereal Disease Research
Laboratory [VDRL] or rapid plasma reagin
[RPR]): (a) Titers correlate with disease activity.
(b) False positives: hepatitis, lupus, and so on.
b. Treponemal tests: (fluorescent treponemal anti-
body absorption [FTA-ABS]): (a) Used to con-
firm diagnosis. (b) Remain positive for life.

¢ Treatment:

1. Parenterally administered penicillin G is the pre-

ferred treatment.

2. Extent of treatment (i.e., dose and number of doses of
penicillin) determined by length or stage of disease.

3. Alternative treatment: Oral doxycycline 100 mg
bid for 14 days.

4. Follow nontreponemal titers at regular intervals.
Treat all sexual partners within 90 days of exposure.

HERPES SIMPLEX VIRUS (HSV)
* Clinical presentation:
1. Multiple vesicles on an erythematous base on penile
shaft or oral, anal, vaginal, or cervical mucosa.
2. Associated symptoms may include pain, pruritus,
dysuria, and adenopathy.
3. Two types of virus:
a. HSV-1:
i. Typically causes oral lesions.
ii. Ten to fifteen percent of genital lesions are
caused by HSV-1.
b. HSV-2:
i. Typically causes genital lesions, although
oral disease is possible.
ii. More likely to cause recurrent disease.
4. Primary disease associated with more constitu-
tional symptoms.
5. Recurrent disease associated with prodromal
symptoms in 50% of cases.
* Diagnosis:
1. Largely based on presenting symptoms, clinical
inspection and physical examination findings.
2. Virologic tests (i.e., from scraping of lesion):
a. PCR HSV DNA—highly sensitive
b. Tzanck prep (multinucleated giant cells)—
insensitive
3. New serologic tests (type-specific antibodies) are
not generally helpful for diagnostic purposes and
are not indicated in general screening.
* Treatment:
1. Generally consists of oral acyclovir or similar
medication.
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2. Topical therapy offers little clinical benefit.
Initiate treatment shortly after onset of symptoms.
4. Duration of treatment varies dependent on primary
vs. recurrent disease.
a. Primary HSV—treat 7-10 days.
b. Recurrent HSV—treat for 5 days.
5. Can use suppressive therapy for adolescents with
>6 recurrences per year.
6. Management should also include counseling.
a. Natural history: Treatment is not curative.
b. Transmission: May shed virus asymptomatically
particularly during first year after infection.

e

PELVIC INFLAMMATORY DISEASE (PID)

* Spectrum of inflammatory disorders of the upper gen-
ital tract in females—including salpingitis, endome-
tritis, and tubo-ovarian abscess (TOA).

* Disproportionately a disease of adolescents.

COMMON PATHOGENS

* N. gonorrhea and C. trachomatis are most common
(at least 50% of cases).

* May also be a polymicrobial infection with other
anaerobic and aerobic bacteria (Mycoplasma hominis,
Bacteroides fragilis, E. coli, and so on).

DIAGNOSIS

* Clinical diagnosis is based on the presence of the fol-
lowing minimum criteria in the absence of other
symptoms:
1. Lower abdominal pain
2. Adnexal tenderness
3. Cervical motion tenderness

e Additional criteria (at least one is recommended to
enhance diagnostic specificity) include the following:
1. Oral temperature >38.3°C
2. Abnormal cervical discharge
3. Elevated ESR or CRP
4. Documented cervical infection with gonorrhea or

chlamydia

TREATMENT
* May be treated as inpatient or outpatient.
* Criteria for hospitalization:
1. If surgical emergencies such as appendicitis cannot
be excluded.
2. If patient fails an outpatient regimen.
3. If patient is pregnant.
4. In cases of severe illness (i.e., toxic appearance,
vomiting, and so on).
5. If patient has underlying immune deficiency.

6. Although little data support the hospitalization of
all adolescents with PID, this practice should be
strongly considered for education and improved
compliance with medical therapy.

* Inpatient regimens:

1. Regimen A: Cefoxitin 2 gm IV q 6 hours plus
doxycycline 100 mg orally or IV q 12 hours (if sus-
pect TOA consider adding clindamycin or metron-
idazole).

2. Regimen B: Clindamycin 900 mg IV q 8 hrs plus
gentamycin 1.5 mg/kg q 8 hours (if suspect TOA
consider adding ampicillin).

3. May consider switching to oral antibiotics follow-
ing 24-48 hours after clinical improvement to
complete a 14-day course.

* Qutpatient regimens:

1. Regimen A: Ofloxicin 400 mg (or levofloxicin 500
mg) plus metronidazole 500 mg bid for 14 days.

2. Regimen B: Ceftriaxone 250 mg IM as single dose
plus oral doxycycline 100 mg bid for 14 days.

* Follow-up: Follow-up in 48—72 hours after outpatient
treatment or 1 week after hospitalization.

COMPLICATIONS

* Increased likelihood of future ectopic pregnancy.
* Increased likelihood of tubal infertility.

* Increased likelihood of chronic abdominal pain.

HUMAN PAPILLOMA VIRUS (HPV)

CLINICAL PRESENTATION

* Papular lesions (i.e., warts) on the vaginal, anal,
rectal, or cervical mucosa.

* May be asymptomatic or may present with itching,
bleeding, or pain).

DIAGNOSIS

* Typically by inspection alone for papular lesions.

* Evidence of HPV may be noted on cytologic sampling
of cervix or anal mucosa.

TREATMENT
* Goal is removal of external or visible warts.
* May use one of the following modalities depending
on location of lesions and extent of disease:
1. Patient-applied topicals:
a. Podofilox 0.5% solution or gel
b. Imiquimod (Aldara) 5% cream
2. Provider administered methods:
a. Cryotherapy with liquid nitrogen
b. Trichloroacetic acid (TCA)
c. Surgical or laser excision
* Treatment does not eradicate the HPV.
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* Treatment may or may not decrease infectivity.
* Cervical changes noted on PAP smear should be fol-
lowed at routine intervals.

COMPLICATIONS

* Increased risk of cervical cancer, particularly with
HPYV serotypes 16 and 18.

* Increased risk of anal cancer has been noted in HIV+
individuals.

HUMAN IMMUNODEFICIENCY VIRUS (HIV)

* See separate chapter on HIV.

DISORDERS OF EATING
OBESITY

GENERAL CONSIDERATIONS

* Obesity and its complications are reaching epidemic
proportions in the U.S.

* Multifactorial disease with lifestyle factors (i.e.,
sedentary lifestyle) thought to be major contributors
to increased prevalence of disease.

DIAGNOSIS

e Use body mass index (BMI=kg/m?) for clinical
screening.

* Growth curves from the National Center for Health
Statistics now include BMI percentiles (Fig. 10-4).

* BMI >95% for age indicates obesity; between 85th
and 95th percentiles indicates at-risk of obesity.

CLINICAL MANIFESTATIONS AND COMPLICATIONS
* Medical:
1. Can cause complications involving many organ
systems including the following:
Endocrine disorders
Hypertension
Dyslipidmias
Sleep apnea
Gall bladder disease
f. Orthopedic problems
2. Associated with two endocrine disorders seen with
some frequency in adolescents:
a. PCOS
b. Diabetes Mellitus Type 2 (DM-2)
3. PCOS:
a. Affects 5-10% of women of reproductive age
b. Although clinical presentation is variable, it is
diagnosed by presence of the following:
i. Menstrual irregularities
ii. Androgen excess

opo o

c¢. Other common clinical features are the following:
1. Hirsutism

ii. Acne

iii. Obesity (>50% of patients)

iv. Hyperlipidemia

v. Acanthosis nigricans

vi. Anovulatory infertility

4. DM-2:
a. Affects over 15 million adults and is considered
an emerging problem in adolescents
b. Diagnosis:
1. Fasting blood glucose greater than or equal
to 126 mg/dL.

ii. Symptoms of diabetes and a random blood
glucose greater or equal to 200 mg/dL.

iii. May use an oral glucose tolerance test for
patients at high-risk but who do not meet the
above diagnostic criteria.

iv. Psychosocial: Negative self-image and/or
decreased self-esteem may result from socie-
tal value placed on being thin. Particularly
problematic for female adolescents.

TREATMENT STRATEGIES
* Success traditionally defined as reduction of body
weight by 5—10% with prevention of further weight gain.
* Many interventions may achieve the initial weight
loss, but treatment failures more common with the
maintenance aspects of therapy.
* Primary strategies combine: Nutritional Interventions,
and Physical Activity.
* Additional therapies:
1. Antiobesity medications:
a. Not generally recommended for adolescents
b. Include a variety of different classes of medica-
tions:
1. Appetite suppressants
ii. Fat-absorption inhibitors
iii. Energy expenditure enhancers
iv. Insulin sensitizers (i.e., Metformin)
2. Surgery:
a. Currently not recommended for adolescents

ANOREXIA NERVOSA (AN) AND BULIMIA
NERVOSA (BN|

EPIDEMIOLOGY

* Incidence of AN and BN have increased steadily in
past 30 years.

* Females outnumber males 10:1.

* More common in upper and middle socioeconomic
groups.

e Runs in families (i.e., familial basis).
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FIG. 10-4 National Center for Health Statistics BMI percentiles.
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Di1aGNosIS (DSM-IV CRITERIA)
* AN:
1. Two physiologic criteria:

a. 15% below minimally normal body weight-for-
height and age.

b. Primary or secondary amenorrhea >3 cycles.

Two psychologic criteria:

a. Intense fear of gaining weight or becoming fat.

b. Distorted body image.

Two subtypes:

a. Restricting.

b. Binge/purge.

* BN:
1. Two eating binges (i.e., rapid consumption of large

amounts of food in a short period of time) per week
for at least 3 months.

During food binges, a fear of not being able to stop
eating.

Regularly engaging in self-induced vomiting, use
of laxatives, diuretics, or rigorous dieting or fasting
to prevent weight gain.

4. Overconcern with body image and weight.

CLINICAL MANIFESTATIONS
* History:
1. See diet questions in HEADDSS assessment

(page 34).

* Review of systems/physical examination:

— —

— O 000NN AW~

. Weight loss

. Abdominal pain

. Constipation

. Cold intolerance

. Hair loss or thinning (lanugo)

. Fatigue, weakness

. Delayed puberty or short stature
. Stress fractures

. Dental caries

. Calluses on hands/fingers

. Vital sign abnormalities (i.e., hypothermia, brady-

cardia, hypotension)

TREATMENT
* Outpatient treatment requires a multidisciplinary
approach:
1. Nutritional support
2. Psychologic intervention for patient and family
3. Medical management
* Consider hospitalization for the following:
1. Unstable vital signs:

a. Orthostasis

b. Severe bradycardia (heart rate <50 bpm)

c. Severe hypotension (<80/50)

d. Severe hypothermia

Severe malnutrition (i.e., loss >25% of ideal body
weight)

3.

4.
5.
6.

Electrolyte abnormalities

a. Low potassium

b. Low phosphorous

Acute food refusal
Suicidality

Failure of outpatient therapy

COMPLICATIONS
* Affects multiple organ systems including the following:

1.

Cardiovascular:

a. Dysrhythmias

b. Electrocardiographic abnormalities
c. Cardiac failure

. Fluid and electrolyte:

a. Hypochloremic metabolic alkalosis

b. Hypokalemia

c. Elevated blood urea nitrogen

d. Abnormalities of calcium and magnesium

. Gastrointestinal:

a. Constipation

b. Delayed gastric motility
c. Esophagitis

d. Mallory-Weiss tear

e. Parotid hypertrophy

. Dermatologic:

a. Acrocyanosis

b. Brittle hair and nails

Lanugo

d. Russell sign (calluses over knuckles)
e. Peripheral edema

. Endocrine:

a. Growth retardation and short stature
b. Delayed puberty

¢. Amenorrhea

d. Low thyroid hormone (T3)

e. Hypercortisolism

. Skeletal:

a. Osteopenia
b. Stress fractures

. Hematologic:

a. Bone marrow suppression
b. Low sedimentation rate

. Psychologic:

a. Depression
b. Increased risk of suicidality

SUBSTANCE USE/ABUSE
DEFINITIONS

* The occasional use of certain substances such as ciga-
rettes, alcohol, or marijuana may be viewed as “nor-
mative” given the large proportion of youth who report
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having used them. In otherwise normal and healthy ado-
lescents, this may be viewed as experimentation.

* Abuse: The consumption of cigarettes, alcohol, or
other drugs leading to destructive risk-taking behavior
negatively affects school, family, or developmental
functioning.

* Dependence: A psychologic and/or physiologic craving
for a drug or other substance.

EPIDEMIOLOGY

* Alcohol and cigarettes are the most commonly
reported drugs of use in adolescents.

* Marijuana is the most commonly reported illicit drug
used.

» The prevalence of substance use varies by gender, age,
geographic region, race/ethnicity, and other demo-
graphic factors.

* In general, males are more likely than females to use
illicit drugs.

* In general, adolescent substance use has steadily
increased over the past 50 years.

* Since the mid-1990s there has been a slight decrease
in the prevalence of adolescents’ cigarette, alcohol,
and marijuana use and an increase in the prevalence of
club drugs (i.e., ecstasy) and anabolic steroid use.

DIAGNOSIS

* Ask all adolescents screening questions (see
HEADSS assessment) during the annual health main-
tenance examination.

* The clinician needs to determine:

1. Patterns of use (i.e., at school, with peers, used
alone, by family members).

2. Level of dysfunction (i.e., school absenteeism, rela-
tionship difficulties, problems with the legal system).

3. Degree of psychiatric or behavioral problems (i.e.,
anxiety, depression).

* Physical examination findings may include the fol-

lowing:

1. Weight loss

2. Skin changes (i.e., track marks)

3. Mucosal injury (i.e., nose bleeds)

4. Cough or compromise in pulmonary function
5. Seizures

6. Changes in behavior or mood

* Although alcohol detection/levels are determined by
blood, the use of most illicit substances is determined by
urine screen (i.e., marijuana, amphetamine, and so on).

* Use urine or blood screens only in select circum-
stances and almost always with the informed consent
of the adolescent.

* Stages of adolescent substance use:
1. Stage 1: Experimentation
2. Stage 2: To relieve stress
3. Stage 3: Regular use
4. Stage 4: Dependence

TREATMENT

* Adolescents in stages 1 and 2 can typically be man-
aged in outpatient settings.

» Adolescents in stages 3 and 4 may require more inten-
sive treatment including hospitalization or placement
in a rehabilitation program.

* In the United States, there is a general paucity of
adolescent-specific substance abuse treatment pro-
grams or facilities.

SPECIFIC AGENTS

ToBAccoO

* Most commonly used drug.

» Use among adolescents correlates with use by parents
and peers.

* Average adolescent smoker starts by age 12 or 13;
regular use usually occurs within 2 years.

* Physically addictive (i.e., nicotine), with greater than
90% of adolescent smokers continuing into adulthood.

* Long-term complications of use kill more people in the
United States each year than all other substances/drugs
combined.

» Rates of smoking in female adolescents are equal to,
if not more than male adolescents.

* Smokeless tobacco (i.e., snuff) is predominantly a
male activity.

* Treatment: Smoking cessation programs may include
the following:
1. Nicotine replacement systems (i.e., patch, gum, spray)
2. Medications (i.e., buproprion)
3. Community-based counseling

ALCOHOL

* >50% of high school students report a lifetime use
alcohol.

* Central nervous system depressant that produces
euphoria, disorientation, grogginess, and impaired
short-term memory.

* Abuse among adolescents correlates with abuse by
parents and peers.

* Male adolescents tend to use and abuse alcohol more
than females.

» May see an escalating pattern of use from beer to wine
to hard liquor.
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* Alcohol consumption contributes to thousands of ado-
lescent deaths and injuries each year, in large part
because of drinking and driving and other nonauto-
motive accidental deaths.

MARIJUANA

* Most prevalent illicit drug, in some communities used
more frequently than alcohol.

» Smoked in cigarettes, pipes, or cooked in food.

* Active ingredient is tetrahydrocannabinol (THC).

* Psychopharmacologically similar to alcohol in that it
impairs short-term memory, motor coordination, and
produces mental cloudiness.

* Metabolized in liver and stored in body fat that results
in a long half-life making urine screening for recent
use (i.e., last 7-14 days) possible.

* Therapeutic effects include reduced nausea in patients
undergoing chemotherapy and reduction of intraocu-
lar pressure in patients with glaucoma.

STIMULANTS

* Most frequently used stimulants are amphetamine and
cocaine.

* In recent years there has also been an increase in the
use of methamphetamine (i.e., crystal meth, ice) espe-
cially in the western and southwestern U.S.

* Typically used by snorting, smoking, oral ingestion,
or absorption across other mucous membranes (i.e.,
rectal, vaginal).

* Very physically addictive.

* Multiple central nervous system and cardiovascular
effects.

* Clinical effects are dose related and include tachycar-
dia, agitation, insomnia, anorexia, hypertension, and
seizures.

* Chronic use can lead to cerebral vascular accidents
and psychosis.

Ecstasy (METHYLENEDIOXYMETHAMPHETAMINE)

* Hallucinogen similar to mescaline.

* Classic “club” or “designer” drug.

* Being used with increasing frequency among adoles-
cents.

* Predominantly situational or episodic use (i.e., dances
or raves).

* Clinical effects include euphoria, a heightened sen-
sual awareness, and decreased social inhibition.

* Adverse effects: nausea, jaw clenching, anxiety,
tachycardia, psychosis, depression, and menstrual
irregularities.

GHB (GaAMMA HYDROXY BUTYRATE)
* Central nervous system depressant.

ANABOLIC STEROIDS

» Used by adolescents to enhance physical appearance
or athletic performance.

 Taken orally, transdermally, or through intramuscular
injection.

* Effects include acne, gynecomastia, increased muscle
mass, breast pain, testicular atrophy, and menstrual
irregularities.

* Psychologic effects include rage/aggression, depres-
sion, mood swings, and alterations in libido.

* Oral ingestion associated with hepatic dysfunction.

* Use in early adolescents may result in growth failure
because of premature epiphyseal closure.
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/] DRUG THERAPEUTICS
IN INFANTS AND CHILDREN
Thomas P. Green

PEDIATRIC CLINICAL
PHARMACOLOGY

* The understanding of a few pharmacologic principles
will improve a pediatric practitioner’s ability to write
rational drug prescriptions that are likely to produce
the desired effects and avoid toxicity. This chapter
outlines the most basic of these principles. The same
knowledge is also used to analyze the reasons for an
unintended lack of efficacy or untoward drug effect.

DRUG RECEPTOR-EFFECT COUPLING

* A rational framework for understanding the relation-
ship between drug dosing and effect is based on the
concept of drug receptor-effect coupling. This principle
states that drug effect will occur when drug molecules
interact with specific drug receptors at a specific site
of action. An important corollary to this idea is that
drug disposition is governed by processes that are
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separate from those that relate to drug effect, and it is
ultimately only the drug concentration at the site of
action that influences drug effect. Understanding drug
disposition involves separate considerations of
absorption, distribution, and clearance of a drug, all of
which, in turn, determine the concentration of drug at
its receptor and site of action at any point in time. The
interaction of the drug with its receptor produces the
drug effects, both therapeutic and toxic.

DRUG DISPOSITION (PHARMACOKINETICS)

ABSORPTION

* Drugs are given by any of several routes of administra-
tion with corresponding effects on the amount and time
course of drug that eventually reaches its site of action.

* Intravenous administration is generally regarded as
complete, instantaneous absorption, although even
homogeneous distribution within blood volume only
occurs over several circulation times through the body.

* Other parenteral forms of drug administration may pro-
duce nearly complete absorption of the administered
dose, but the appearance of drug in plasma will occur
more slowly. Drugs administered by subcutaneous and
intramuscular routes are examples. Peak drug concen-
trations are determined by the relative rates of drug
absorption on one hand and drug elimination on the
other. In the case of intramuscular administration,
absorption is determined by factors such as blood flow
to the site, the vehicle in which the drug is adminis-
tered, and the solubility of the drug and vehicle.

* Oral administration and gastrointestinal absorption is
the most common method of systemic administration
of drug. The fraction of drug administered that
reaches the central circulation is usually less than
100% and, in some circumstances, may be only a
small and variable fraction of the dose given. Factors
that favor absorption in the gastrointestinal track
include molecular weight, ionization, and lipid solu-
bility. Factors in various locations within the stomach
and small intestine may favor or inhibit absorption.
These include the local pH (which may in turn deter-
mine the ionization state of the drug) and the presence
of active transport mechanisms.

* Drugs pass through the intestinal epithelium and reach
the portal circulation, moving toward the liver. For a
few drugs, metabolism may occur immediately before
reaching the central circulation (first pass effect),
thereby adding to the appearance of low absorption.

* Some routes of drug administration are intended to
produce high local concentrations of drug, but mini-
mal or no systemic absorption. Examples include
inhalational, intrathecal, and topical routes. Each

route is characterized by unique considerations that
are beyond the scope of this text.

DISTRIBUTION

» Even while absorption is occurring, drug is beginning
to equilibrate with other tissues. The movement of drug
between plasma space and other tissue spaces (intersti-
tial space, intracellular space of various tissues) is
influenced by many drug factors such as molecular
size, ionization, and avidity for protein binding. Other
tissue factors are also important, including pH, pres-
ence of binding molecules, active and passive transport
mechanisms, and bulk fluid movement.

Distribution volume (V,) is a theoretical space, the
volume of which is calculated based on the ratio of the
dose administered (D) and the maximum concentra-
tion achieved, C.

The distribution volume does not correspond to any
anatomic compartment, but the relative constancy of
this relationship is useful in predicting drug concen-
trations achieved after doses are administered.
Complex pharmacokinetic modeling often will identify
more than one distribution volume (compartment).
Consideration of these additional compartments is nec-
essary for precise research studies, but is not particu-
larly practical for simple clinical predictions.

Protein binding is an important factor in drug distri-
bution, in that drug bound to protein is generally not
available for distribution to other tissues. Factors that
decrease protein binding (acidosis, competing drugs
or other molecules, hypoproteinemia) may increase
free drug and thereby increase the concentration of
free drug at the site of action.

METABOLISM

* Most commonly, metabolism is considered in the
context of deactivating a drug and facilitating drug
elimination. Drug metabolites are excreted because
they are generally large ionized molecules that are
poorly reabsorbed from bile or urine.

* Metabolism occurs prominently in the liver, where the
cytochrome P450 system is particularly important;
however, drug metabolism for some compounds occurs
in other organs as well, notably the kidney and lungs.

* In some circumstances, the metabolites of active drugs
may themselves have activity. In particular, patients
with liver or hepatic insufficiency may accumulate
higher levels of partially active metabolites, which
may account for exaggerated effects in this setting.

* Uncommonly, activation of a drug by metabolism may
be required to generate the active form of the drug.
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ELIMINATION

* The kidney and the hepatobiliary system are responsi-
ble for eliminating many drugs and their metabolites.

* The kidney may clear a drug by glomerular filtration,
especially if the drug is small and nonprotein bound.
Ionization will decrease the likelihood of reabsorption
in the renal tubule. Other drugs may be cleared in the
kidney by active tubular secretion, particularly if they
are weak acids or bases.

* Clearance is a pharmacologic concept that describes
the efficiency of the processes that eliminate the
active forms of a drug from the body. Although the
concept is analogous to the familiar concept of crea-
tinine clearance that is used to measure renal func-
tion, the term applies to all forms of elimination.
Clearance is expressed as the ration of the rate of
elimination to the simultaneous serum or plasma
concentration.

_elimination rate
C

Cl

Clearance is most conveniently measured at steady
state.

Half-life can be thought of as the time required, after
drug administration has ceased and all distribution has
equilibrated, for the concentration of drug in plasma
(or the total amount of drug in the body) to fall from
one level to half that level. While the half-life is often
considered a measure of elimination, both clearance
(CD) and V, effect half-life in a similar way:

~0.693V,
2l

» For reasons beyond the scope of this chapter, the half-
life is also important in determining the rate at which
a drug administered at regular intervals reaches steady
state. A drug administered at a dose (D) given at reg-
ular intervals () will have a dose rate of D/t. It will
reach a steady state concentration related to its clear-
ance as given in the following relationship

_Di
|

* Following the initiation of regular dosing, the drug will
reach 50% of this steady state concentration in one
half-life, 75% of this concentration in two half-lives
(half-way between 50 and 100%), 87.5% of this con-
centration in three half-lives (half-way between 75 and
100%), and so on. In fact, when a drug concentration

is at steady state with one dosing regimen, a subse-
quent dosage rate change will result in a movement
toward the new steady state by the same rule—one-
half of the way there in one half-life, and so on.

THE INFLUENCE OF BIOLOGIC MATURATION

* Normal biologic development and maturation influ-
ences every aspect of drug disposition. Continuous
changes in the functional status of every organ system
and in body composition correspondingly alter how
drugs are handled by the body.

GASTROINTESTINAL FUNCTION

* Hydrochloric acid secretion is very low at birth and
increases slowly in the first year of life. Consequently,
there may be little degradation of acid sensitive agents
(e.g., penicillin), but a lack of ionization effects that
normally favor the absorption of weak acids (e.g.,
phenobarbital).

* Bile acid secretion is also decreased in the first year of
life compared with adult values.

DISTRIBUTION VOLUME

* The ratio of surface area to body weight decreases
continuously throughout childhood from very high
values at birth to adult values in adolescence. This
may be particularly important for topical agents. In
addition, the large surface area leads to larger insensi-
ble losses and fluid balance that changes more rapidly.

* The fraction of body weight represented by water
decreases continuously throughout childhood, begin-
ning with about 80% body weight at birth. This leads
to a larger distribution volume for water soluble
drugs. As total body water volume decreases with age,
there is a marked decrease in the proportion of what is
in the extracellular space (equal to intracellular fluid
volume at birth).

* The avidity of protein binding also changes for many
drugs, usually increasing with age. This may be because
of changes in blood proteins or to the presence of
endogenous compounds that compete for binding sites.

ELIMINATION

* Hepatic metabolic capacity increases with age,
whether normalized for body weight or body surface
area; however, studies that have normalized metabolic
capacity for estimated hepatic weight have shown
similar values in children and adults.

* Renal function increases sharply in the first year of
life, both with respect to glomerular filtration and
tubular function. Peak glomerular filtration (and cor-
responding renal clearance of many drugs) is highest
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in early childhood and declines slightly in adoles-
cence toward adult values.

DETERMINING APPROPRIATE
DOSING REGIMENS

* Based on the foregoing, dosage regimens for drug
administration in children must take patient age, size,
and coexisting pathophysiologic state into account. In
the future, knowledge of genetic factors, for example,
those producing variations in rate of hepatic drug
metabolism, may be considered. Widely available ref-
erences exist with drug specific information on these
and other factors. A few general principles are note-
worthy to assist in this process.

» Extrapolation of adult dosing regimens to pediatric
patients based on body size is fraught with pitfalls,
based on the considerations above; however, some
general guidelines can be offered when recommenda-
tions from pediatric trials are not available (Ritschel
and Kearns, 1999)

Infants surface area (m”)

iV <03L/kg =
a & 1.73 x adult dose

or

Infants body weight (kg)

if V,>0.3L/kg =
¢ g 70kg x adult dose

* These guidelines have been proposed to guide the selec-
tion of the drug dose for infants. Determining the dosage
interval is a separate process that requires an estimation
of the drug clearance relative to the adult value. The
dosage interval should be increased proportionately to
the decrease in clearance relative to the adult value

dosage interval = adult dosage interval

infant drug clearance

adult drug clearance

* Therapeutic drug monitoring can provide supportive
information to design appropriate drug regimens or
test whether desired blood levels are being achieved.
In some circumstances, defining a pharmacokinetic
profile can be performed by administering a drug dose
and sampling serum drug concentrations. Precise
timing of the samples is required and the data are ana-
lyzed using principles outlined above. The assistance
of a clinical pharmacologist or pharmacist is wise for
designing the drug regimen.

* Alternatively, the periodic sampling of serum drug con-
centrations can be a useful adjunct to improve efficacy

and avoid toxicity. There must be a strong basis for
anticipating the likely drug levels as well as a clear
understanding of the relationship between drug levels
and effect or toxicity in order to choose appropriate
sampling times. For example, for some drugs, efficacy
is related to middose levels at steady state (anticon-
vulsants) whereas for other drugs, toxicity may be
related to predose levels after several doses have been
administered (aminoglycosides). Therapeutic drug
monitoring is not useful for all drugs, even those with
significant interindividual kinetic variability and toxi-
city. For example, monitoring of drug effect with
coumadin is more useful clinically than the measure-
ments of the drug levels themselves.

DEVELOPMENT OF DRUGS FOR USE
IN CHILDREN

* Prior to 1994, there was very little effort to specifi-
cally develop information for the rational use of drugs
in children. Ethical considerations prevented drug
testing in children prior to full testing in adults. Once
drugs were approved for use in adults, there was no
financial or other incentives for pharmaceutical com-
panies to proceed with drug testing in children. Most
drugs were not labeled for, or Food and Drug
Administration (FDA) approved for, use in children,
and usually carried a disclaimer to this effect. As a
result, children were Therapeutic Orphans. While
drugs could be used in children by physician order, in
most cases there was insufficient research to identify
safety, efficacy, toxicity, and appropriate dosing.

In 1994, the FDA Pediatric Rule went into effect.
This allows labeling of drugs for pediatric use based
on adult data, provided additional data are developed
to demonstrate similar metabolism, safety, and effi-
cacy in children and adults. At the same time the
National Institutes of Health established the Pediatric
Pharmacology Research Unit Network to promote
study of drugs in children. This network of pediatric
pharmacologists at medical schools and academic
health centers began coordinating research that has
improved understanding of pediatric clinical pharma-
cology and improved rationale drug use in children.
* Further incentives for pediatric drug development
occurred in 1997. The FDA Modernization Act pro-
vided for 6-month extension of patent exclusivity if
drugs are tested in children. This proved to be a
substantial financial incentive for pharmaceutical
companies to develop drug data in children for com-
monly used drugs.

To provide data to guide and support the use of less
commonly used drugs which were off patent, the Best
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Pharmaceuticals for Children Act took effect in 2002.
This empowered the NIH to support pediatric research
on FDA-selected drugs where such data did not exist
(Pediatric Off-Patent Drug Study).
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12 RESUSCITATION
Sally L. Reynolds

* The child in arrest is one of the most challenging sit-
uations a physician can face. Causes of arrest in the
prehospital setting include sudden infant death syn-
drome, submersion or other trauma, and respiratory
illness. As most arrests in children result from respi-
ratory conditions and shock, evaluation and support of
the airway is a priority. Intact survival of an out of
hospital cardiac arrest is less than 2%.

e The American Heart Association Guidelines (2000)
for Pediatric Advanced Life Support of a child in car-
diopulmonary arrest are the following:

1. Begin cardiopulmonary resuscitation (CPR)
2. Call for help

3. Call 911 if out of the hospital

4. Call “code” if in the hospital

CARDIOPULMONARY RESUSCITATION

* Open the airway using the jaw thrust technique. Place
your fingers under the lower jaw at the angle of the
mandible and move the jaw up and out. Avoid moving
the cervical spine in trauma patients.

* Give two breaths—1-1"/2 seconds per breath. Use a
bag-valve-mask (BVM) if it is available. Make sure
the chest wall rises with each breath. If the chest wall
does not rise, ventilation is probably not effective.

* When using the BVM, use the thumb and index finger
to hold the mask on the face and place the third,
fourth, and fifth fingers on the lower jaw to help keep
the airway open. The bag volume should be at least

450-500 mL. BVM ventilation is much easier with
two people: one holds the mask on the face and opens
the airway while the other squeezes the bag. If an
oxygen source is available, the bag should be attached
to it so as to provide oxygen to the patient.

Check for a pulse (carotid pulse in a child and brachial
pulse in an infant). If there is no pulse, or heart rate
<60 with poor perfusion, begin chest compressions.
The compression rate is 100/minute and the depth
one-third to half of the estimated anterior-posterior
diameter of the chest. For infants (<1-year-old) com-
pressions can be delivered using two fingers from one
hand, or with the thumbs from both hands circling
the chest. For children 1-8 years old, use the heel of
one hand over the lower half of the sternum, between
the nipple line.

For children older than 8 years old, use the heel of one
hand, with the other hand on top of it.

Check the femoral pulse during compressions to eval-
uate their effectiveness. Rescue breaths at a frequency
of 10—12 breaths/minute should accompany compres-
sions. Place the child on a cardiac monitor to check
for ventricular arrhythmias (ventricular fibrillation/
ventricular tachycardia).

In the prehospital setting, if the child is =8 years old
attach an automatic external defibrillator (AED). An
estimated 5—15% of children will be in ventricular fib-
rillation or ventricular tachycardia and should be
defibrillated. In all other children, continue CPR.
Observe for chest wall rise with BVM ventilation and
check for the presence of a femoral pulse with chest
compressions.

Vascular access options in the child in cardiopul-
monary arrest include intraosseous (IO) as well as
venous access. Because peripheral or central venous
access may be difficult to obtain in pediatric patients,
IO line placement is the most efficient method of
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vascular access for most care providers. Use an
intraosseous needle or a bone marrow needle. The
preferred site is the proximal anterior tibia. Alternate
sites include the distal femur in infants, the distal tibia
in older children, or above the medial maleolus in the
adolescent.

* Insert the needle at a 90° angle with a twisting motion
as it is difficult to push the needle through the bone
cortex. A sudden decrease in resistance suggests the
bone cortex has been penetrated and placement is
proper. The needle should appear to stand upright. Try
to aspirate bone marrow; in some properly placed
lines this is not successful. Flush with 10-20 mL of
fluid, watching for infiltration around the needle or
into the soft tissue. Give fluids, drugs, and blood prod-
ucts through the 10.

* Epinephrine is the drug therapy for asystole. The dose
is 0.01 mg/kg (0.1 mL/kg of 1:10,000 concentration)
by IV or IO. If access cannot be obtained quickly and
an endotracheal tube is in place, use it to administer
the epinephrine. The endotracheal dose is 0.1 mg/kg
(0.1 mL/kg of the 1:1000 solution), diluted in 3—5 mL
of normal saline. In clinical trials, high dose epineph-
rine (0.1 mg/kg), recommend in the past by the
American Heart Association, failed to show a benefit
when compared with standard dose epinephrine. It is
no longer recommended, but it is an acceptable alter-
native if there is no response to standard dose epi-
nephrine.

* While establishing vascular access, plan for intuba-
tion. Most children can be ventilated and oxygenated
effectively with a BVM, thus the intubation can be
planned. Assemble equipment including laryngo-
scope and blade, endotracheal tubes (the estimated
correct size, and a half size larger and smaller), stylet,
suction (for the mouth and the endotracheal tube),
tape, and a CO2 detection device. Endotracheal tube
size can be determined using a length based resusci-
tation tape, or estimated using the formula [(16+ age
years) +4].

* The vocal cords of a child are anterior and superior,
thus different from an adult. Intubation drugs are not
needed in asystolic children. Bag ventilation should
be performed until the endotracheal tube is placed,
and between placement attempts as needed.

* There is potentially great harm from a misplaced
endotracheal tube. Methods to confirm endotracheal
tube placement include visualization of the tube going
through the vocal cords, listening for equal breath
sounds, observing for chest wall rise, and use of a CO2
detector. Six ventilations should be given before the
CO, detector is read. If the tube has been misplaced in
the esophagus, the six ventilations wash out the resid-
ual CO, remaining there so that the reading is valid. A

change in color from purple to tan confirms the endo-
tracheal tube is in the trachea. In cases of severe cir-
culatory collapse, CO, is not delivered to the alveolar
space; therefore, a CO, detector on a correctly placed
endotracheal tube may not change color.

* The endotracheal tube may be used to administer drugs
during resuscitation including /idocaine, epinephrine,
atropine, and narcan (mnemonic LEAN).

* If initial efforts to restore a perfusing rhythm fail, con-
sider hypoxemia, hypovolemia, hypothermia, and
hyperkalemia, hypokalemia, or other metabolic prob-
lems (the four Hs) as well as famponade, fension
pneumothorax, foxins/drugs, and thromboembolism
(the four Ts).

* Most victims of cardiopulmonary arrest will not be
successfully resuscitated. Unless it is a hypothermic
arrest (submersion in icy water) the child is unlikely to
survive if there is no response with bag ventilation and
two doses of epinephrine. For any patient in whom
reversible causes of arrest have been addressed, if after
30 minutes of resuscitation a perfusing rhythm has not
returned, the resuscitation may be stopped. The clini-
cian should then direct their attention to the family.

* Clinical care of children who are successfully resusci-
tated includes management of ventilation, perfusion,
and temperature. Although resuscitation is performed
using 100% oxygen, the concentration of oxygen
should be adjusted so as to maintain normal O, (as
monitored by pulse-oximetry or blood gas analysis).
Patients should not be routinely hyperventilated.
While this had been recommended in the past, recent
data suggest it should be limited to patients with signs
of cerebral herniation or suspected pulmonary hyper-
tension. Maintain perfusion with fluids or pressors as
needed. Treat hyperthermia, allow mild hypothermia
(=234°C).

* Sudden deterioration of an intubated patient suggests
that one of the following may have occurred: dis-
placement of the endotracheal tube, obstruction of the
endotracheal tube, pneumothorax, or equipment fail-
ure (mnemonic dope). If the child is on a ventilator,
hand bag and confirm that the oxygen source is func-
tioning property.

SHOCK

* Shock is defined as inadequate perfusion of the vital
organs. In compensated shock signs of poor perfusion
are present but the blood pressure is in the normal
range; in decompensated shock the patient is also
hypotensive. An assessment for shock includes heart
rate, which may be either fast or slow, blood pressure,
and systemic perfusion, which includes mental status,
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skin color, and temperature, urine output, and pulses.
Pulses that are palpable centrally but not peripherally,
pulses that are thready or bounding, and capillary
refill greater than 2 seconds all suggest shock. The
respiratory rate is usually increased.

Hypovolemic shock is most common. It results from
volume loss (vomiting, diarrhea, hemorrhage, fluid
redistribution to the extravascular space) or poor
intake. Children in hypovolemic shock are usually
lethargic, cool, and have poor pulses, a narrow pulse
pressure, and capillary refill >2 seconds.

Distributive shock, caused by sepsis or anaphylaxis, is
the inappropriate distribution of blood volume result-
ing from systemic vasodilation. The pulse pressure is
wide and the extremities are cool.

Cardiogenic shock results from inadequate myocar-
dial function, which limits stroke volume and cardiac
output. There is a narrow pulse pressure, an increased
work of breathing, and other signs of heart failure
including pulmonary edema, peripheral edema, and
an enlarged liver.

Shock is treated initially by managing the airway
and breathing (100% oxygen), establishing vascular
access (IV or 10), and administering an IV fluid bolus
(20 mL/kg 0.9 NS over 5-10 minutes). After the fluid
bolus, reassess. If perfusion is improved and the shock
is thought to be hypovolumic in origin, give an addi-
tional 20 mL/kg 0.9 NS over 20-30 minutes. In
trauma patients, if compensated shock is present after
40 mL/kg of 0.9 NS, consider transfusing blood.

If cardiogenic shock is suspected, fluid volume should
be decreased, pressors should be considered, and the
child may require intubation earlier in the treatment
course. If septic shock is the provisional diagnosis,
pressors should also be considered early in the resus-
citation. Children in anaphylactic shock should be
given epinephrine (IM), corticosteroids and an H, or
H, receptor blocker.

In children with compensated shock (poor perfu-
sion, normal blood pressure) after IV fluids, consider
therapy with one of the following: dobutamine or
dopamine (2-20 pg/kg/minute), epinephrine (0.05-3
lg/kg/minute), inarinone (load, 0.75-1 mg/kg over
5 minutes, may repeat up to 3 mg/kg; infusion,
5-10 pg/kg/minute) or milrinone (load, 50-75 ug/kg;
infusion, 0.5-0.75 pg/kg/minute). Inarinone or milri-
none are particularly well-suited for children in car-
diogenic shock.

In children with decompensated shock (hypotensive),
consider dopamine (up to 20 pg /kg/minute), followed
by epinephrine (0.1-1 pg /kg/minute), or norepineph-
rine (0.1-2 pg /kg/minute).

If a ventilated patient suddenly develops signs of
shock, consider tension pneumothorax.
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13 INJURY EPIDEMIOLOGY
AND PREVENTION
Elizabeth C. Powell

BACKGROUND

 Unintentional injuries are the most frequent cause of
death among United States children 1-year-old or
older. In 2000, more than 12,441 children and adoles-
cents younger than 20 years old died. The number of
unintentional injury deaths is greater than the sum of
the next nine causes of death. Causes include motor
vehicle collisions, falls, and burns; unintentional
injury deaths do not include suicide, homicide, and
deaths resulting from child abuse. The magnitude of
this problem explains why the prevention of uninten-
tional injuries among youth is a public health priority.
Nonfatal injuries outnumber injury fatalities for most
categories. There are estimated to be 188 emergency
department visits for injury and 10 hospital admissions
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for each injury death. Unintentional injuries are
second to pneumonia as the most frequent cause for
hospital admission among youth younger than 15
years old. Injuries account for an estimated
13,562,000 emergency department visits each year.
The most common reasons for an injury-related emer-
gency department visit include falls, being struck
against a person or an object, and lacerations.

* Rates of unintentional injury deaths have fallen in the
past 20-30 years for almost every cause of injury.
Injury prevention research and advocacy efforts have
contributed to this decline.

* Injury is defined as the transfer of energy (kinetic,
thermal, radiation, or chemical) to the human body,
resulting in tissue damage. Drowning and choking/
asphyxiation are also classified as injuries, although
energy transfer causes neither of these mechanisms.

* Injuries are not accidents, which are perceived as
“chance” events that are unexpected or random.
Rather, many factors that elevate or reduce the likeli-
hood of sustaining a particular injury have been iden-
tified. Injury prevention involves identifying and
changing the factors related to injury including the
agent (i.e., motor vehicle) and the environment (i.e.,
highway design), as well as modifying individual
behaviors (i.e., child safety seat use).

* The causes of childhood injuries are diverse, and the
relative importance of different injury mechanisms
varies among children and adolescents, depending on
their age, gender, and other sociodemographic charac-
teristics. Males, and children living in poverty, appear
to be at greater risk for injury-related mortality.

INJURY MECHANISMS AND
PREVENTION STRATEGIES

* Motor vehicle trauma is the most common cause of
serious and fatal injury. It is the most frequent cause
of injury death for most ages, and it accounted for
7842 deaths among children and adolescents in 2000.
Common subcategories of motor vehicle injuries
include occupant (drivers and passengers) and pedes-
trian injuries. While teens ages 15-19 years old have
the highest death rates from motor vehicle occupant
injuries, this mechanism also accounts for the major-
ity of injury deaths among younger children (5-14
years old).

* Motor vehicle crashes result in a significant number
of nonfatal injuries, an estimated 730,697 in 2001.
Most (69%) were treated in the emergency depart-
ment only and did not require hospital admission.
Adolescents are disproportionately represented in
motor vehicle fatalities. The most important risk fac-

tors associated with an increased likelihood of a crash
involving teenage drivers include driver inexperience
in challenging conditions (night, inclement weather,
high-volume traffic) and alcohol use. Male teens are
more likely to be involved in alcohol-related fatalities
than are females.

* Factors associated with the incidence of injury when
a crash occurs are often associated with structural
features of the car and the availability and use of
safety equipment by the occupant. Safety improve-
ments to cars (safety glass, collapsible steering
columns, padded interiors, and frame design) have
helped to reduce death from frontal impact collisions.
A current concern is risk associated with height and
weight mismatch between vehicles, such as in colli-
sions involving sport utility vehicles. Limited data
suggest that passengers in the smaller vehicle are at a
greater risk of injury, particularly from side impact
collisions.

* Frontal air bags, a means of automatic occupant pro-
tection, are now present in the majority of U.S. auto-
mobiles. They reduce the risk of death or serious
injury in frontal collisions among adolescents and
adults. For infants and children, passenger air bags
appear to pose harm, particularly when they are unre-
strained and in low-speed crashes. Placing infants and
children under the age of 12 in the rear seat is the best
protective action against air bag injury.

* The other main protective factor against occupant
injury is the use of a child restraint device or seat belt.
Car seats are very effective in decreasing the risk of
both serious and fatal injury for young children. It is
estimated that restraints are used for 85% of infants
and 60% of toddlers. A greater challenge is the proper
restraint of children who are 4 years old and 40 Ib who
have outgrown their toddler seats. Children 4-8 years
old and between 40 and 80 Ib should use a belt posi-
tioning booster seat. This maximizes the effectiveness
of the restraint and prevents injuries related to
improper restraint fit. Belt use by teens is lower than
in other age groups. In addition to legislation, educa-
tion programs to increase seat belt use by preteens and
teens are needed.

* Pedestrian injuries, motor vehicle collisions with a
person, accounted for more than 1000 deaths among
children in 2001. Mortality rates are similar across
age groups. There have been steady declines in pedes-
trian injury deaths in the past 20-30 years, attributed
by many to decreasing exposure. Nonfatal injuries, an
estimated 66,418 in 2001, far exceed fatal injuries,
and include brain injuries, abdominal trauma, and
fractures.

* Risk factors for pedestrian injuries include male
gender, age 5-9 years old with its developmental



CHAPTER 13 @ INJURY EPIDEMIOLOGY AND PREVENTION 61

limitations, traffic volume and speed, poverty, and the
absence of play space. Preschool and school age chil-
dren are struck when they dart out into the street, mid-
block, between parked cars. Toddlers between the
ages of 1 and 2 years old are more likely to be injured
in nontraffic conditions, in places such as driveways.
Bicycle-related deaths are usually associated with col-
lisions with motor vehicles. Most are the result of head
trauma. There are modest age-specific differences;
death rates are highest among those 10-14 years old.
Bicycle crashes result in many nonfatal injuries; more
than 340,000 injured youth were treated in the emer-
gency department in 2001. Injuries include head
trauma, fractures, and skin and soft tissue injuries.
Use of a protective helmet is effective in reducing
head injury, even in collisions with motor vehicles.
Helmet use may also help to prevent face injury.
Although bicycle helmets have been proven effective
in reducing risk for head injuries, the rate of helmet
use is low among many youth.

Drowning is the most common type of injury death
among children younger than 5 years old, and the
second most common cause for adolescents, account-
ing for an estimated 1314 child and adolescent deaths
each year. Children younger than 5 years old have the
highest drowning rate of any age group, including
adults. Drowning has a high case fatality rate, as
approximately half of children and adolescents treated
for a submersion injury will die.

Drowning is unique in that survival can largely be pre-
dicted by the clinical appearance of the child at the
time of arrival to the emergency department. The child
who is spontaneously breathing will likely survive,
whereas the child who requires resuscitation in the
emergency department will either die, or survive with
extreme disability from brain damage because of pro-
longed lack of oxygen.

The circumstances of drowning are age-specific and
usually involve poor supervision: infants often drown
in bathtubs, while toddlers and young children fre-
quently fall into a body of water such as a pool, a lake,
or a river. Adolescent drowning commonly involves
males in open water; alcohol is implicated in some
cases. As treatment outcomes of drowning victims are
poor, prevention strategies are critical. Additional
work is needed to better understand risk and protec-
tive factors for drowning.

Fires and burns are implicated in 600-700 deaths
among children each year. Young children are at par-
ticular risk in residential fires, as they are less able to
escape. Most house fire deaths are from smoke inhala-
tion; when burns do occur, the injuries can be quite
severe, resulting in prolonged hospitalization and life-
long scars.

* Poverty is strongly associated with risk of death in a
house fire. Most occur during the winter months.
Faulty heating systems and cigarette smokers in the
household are major risk factors for igniting a house
fire. A functioning smoke detector reduces the risk of
death in a residential fire by 50-70%.
Most nonfatal burn injuries resulting in admission to
the hospital (an estimated 176,492 in 2001) were from
scalds from water or hot liquids (coffee, tea, soup).
Tap water scalds have become less common since the
late 1970s, when this burn injury mechanism was first
recognized. Public education and legislation to lower
the preset temperatures of hot water heaters con-
tributed to this decline. Other approaches to scald
burn injury prevention are limited.
Falls account for almost 3 million emergency depart-
ment visits and an estimated 180 deaths each year.
Most fatal falls among younger children result from a
fall from two or more stories, often from upper-level
windows. Falls are the most frequent cause of injury
hospitalization among children. Most infant falls are
from furniture or infant equipment. Falls among older
children usually involve physical activities, play
equipment, or sports.

The severity of a fall-related injury is a function of the

height, the characteristics of the impact surface, and

the weight of the victim. Injuries from falls range
from minor to severe, and include soft tissue injuries,
fractures, abdominal injuries, and head trauma.

Firearm injuries are the second most common cause

of death among teens, and accounted for more than

3000 deaths in 2000. Although most firearm deaths

are homicides or suicides, among young children a

significant number are unintentional. Not all uninten-

tional firearm injuries are fatal: there are estimated to
be up to five nonfatal unintentional injuries for every
unintentional injury fatality.

Access to firearms in the home appears to be a risk

factor for unintentional firearm injuries. The circum-

stances often involve playing with loaded guns,
resulting in a child shooting himself or another
person. Almost one-third of families with children
store their guns loaded. In these homes, an estimated

10-20% of guns are stored both unlocked and

loaded.

* Child access prevention laws hold the owner of an
unsecured gun responsible for injuries inflicted with
that gun as a result of a person younger than 18 years
of age gaining access to it. States with such laws have
been observed to have lower rates of intentional
firearm injuries among children. The American
Academy of Pediatrics (AAP) currently recommends
the best way to prevent firearm injuries is to remove
guns from environments in which children live and



62  SECTION 2 e EMERGENCY PEDIATRICS

play. If that is not possible, guns should be stored
unloaded, with the ammunition stored separately, and
locked.

Suffocations are the most common cause of injury
death in the first year of life, and account for an esti-
mated 500 deaths among children each year. Like
drowning, the mechanism is oxygen starvation, result-
ing in organ injury and death. Although details of the
suffocation events are often lacking, circumstances of
suffocation include entrapment of the head and neck
in cribs, and choking on food or other objects. It is
possible that the actual number of infant suffocations
is lower than reported, as some cases of sudden infant
death may be mislabeled as suffocation.

Although a more significant issue in the past, poison-
ings have become a relatively infrequent cause of
injury death among children, and are a fraction of the
rates observed among adults. The circumstances of
unintentional poisoning deaths include the ingestion of
a medication, or the ingestion or inhalation of a com-
mercial product. Poisonings and their management are
discussed more comprehensively in Section IV.

For each poisoning death, approximately 50 per year,
an estimated 40,000 ingestions are reported to poison
control centers. The substances most commonly
ingested among children younger than 6 years old are
cosmetics, cleaning substances, analgesics, plants,
and cold/cough preparations. An estimated 2-5% of
ingestions result in moderate or severe effects. An
important protective factor for medication related poi-
sonings is the storage of medication in a childproof
container.

Despite impressive reductions in unintentional child-
hood injury deaths in the past 25 years, injury remains
the most important cause of death and disability for
children and adolescents today. Widespread adoption
of existing technologies (restraints in motor vehicles,
bicycle helmets) could prevent many more injury
deaths. Further work is needed to define important
risk and protective factors for specific injuries, as well
as to determine the characteristics of populations at
highest risk.
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14 TRAUMA SYSTEMS AND
TRAUMA CARE
Elizabeth C. Powell

TRAUMA SYSTEMS
BACKGROUND

* Emergency medicine services systems were derived
from military experiences, which demonstrated that
appropriate triage, timely transport, and prehospital
care improved patient survival. Community-level
research suggested outcomes for cardiac patients were
improved through better systems for emergency
response. Federal legislation, the Emergency Medical
Services Systems Act of 1973, provided resources to
state and local governments for the implementation of
comprehensive emergency medical services systems.
Efforts to insure that the specific needs of children
were integrated into the system resulted in legislation
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establishing the Emergency Medical Services for
Children program in 1984.

* Emergency medicine services systems vary from
community to community and state to state; however,
most emergency medicine services programs have
similar structures: medical direction, prehospital
transport agencies, dispatch, communications, proto-
cols (prehospital triage, prehospital treatment, trans-
port, and transfer), receiving facilities, specialty care
units, quality assurance, and public education. It is
important that pediatric primary care providers
become familiar with the resources in the communi-
ties where they practice so as to provide the best care
for their patients.

TRAUMA CARE
BACKGROUND

* In caring for a child with traumatic injury, the highest
priority is in recognizing and treating life-threatening
injuries.

CLNICAL EVALUATION

* The primary survey and initial resuscitation, occurring
simultaneously, take place in the first 5-10 minutes
after the child has arrived to the emergency depart-
ment. The aim of the primary survey is to identify and
treat life-threatening disorders. The secondary survey,
a repeat assessment that follows, includes a more com-
prehensive physical examination and diagnostic test-
ing. Children with serious injuries require continual
monitoring and ongoing reassessment.

* The primary survey and resuscitation includes the fol-
lowing:

1. Airway with cervical spine protection: Ascertain
airway patency. If the airway is obstructed, per-
form a chin lift or jaw thrust maneuver, and clear
the airway of foreign bodies. Maintain the cervical
spine in neutral position (manual immobilization
when establishing the airway, use of appropriate
devices after the airway is established.)

2. Breathing and ventilation: Determine the rate and
depth of respirations and assess oxygenation (pulse
oximeter). Administer high concentrations of
oxygen, and ventilate with a bag-valve-mask
device if the child is not breathing or if respiratory
efforts are inadequate. If there is clinical evidence
of a tension pneumothorax (unilateral absence of
breath sounds, respiratory distress, tachycardia),
perform needle thoracostomy. Place an occlusive
dressing on sucking chest wounds.

3. Indications for endotracheal intubation in the
trauma patient are the following:

a. Inability to ventilate by bag-valve-mask methods.

b. The need for prolonged control of the airway.

c. Prevention of aspiration in a comatose child.

d. The need for controlled hyperventilation in
patients with serious head injuries.

e. Flail chest with pulmonary contusion.

f. Shock unresponsive to fluid administration.

4. Circulation and hemorrhage control: Attach a car-
diac monitor. Apply direct pressure to sites of
external hemorrhage and identify potential sources
of internal hemorrhage. Assess perfusion (skin
color, quality and rate of pulse, and blood pres-
sure). Place an IV catheter and initiate volume
resuscitation with 20 mL/kg of crystalloid. Obtain
blood for type and crossmatch, hematologic analy-
sis, and other laboratory tests as indicated. Insert a
nasogastric tube and place a Foley catheter.

5. Disability (brief neurologic examination): Assess
the pupils and determine the level of conscious-
ness.

6. Exposure: Completely undress the patient; prevent
hypothermia.

7. Adjuncts to the primary survey and resuscitation
include radiologic studies (AP chest, AP pelvis, lat-
eral cervical spine x-rays), and monitoring of exhaled
CO, with an appropriate device (intubated patients).

* The secondary survey and management includes the
following:

1. A brief history of the mechanism of injury and
patient information (allergies, current medications,
past illness, time of last meal, injury event).

2. Complete head to toe physical examination.

3. Consider the need for, and obtain diagnostic tests as
the patient’s condition warrants. These include addi-
tional spinal x-rays, extremity x-rays, computed
tomography (CT) of the head, chest, abdomen,
and/or spine, and others (i.e., contrast urography,
angiography).

* Perform continuous monitoring of vital sign and inter-
mittent reassessment of the patient. Provide informa-
tion to the family about their child’s condition. After
the child is stabilized, the parents should be permitted
at the bedside.
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15 BURNS
Elizabeth C. Powell

BACKGROUND

* Burns are a common cause of death among U.S. chil-
dren. Burn injuries can be associated with respiratory
compromise, sepsis and renal failure; long-term scar-
ring may contribute to functional impairment and psy-
chosocial distress.

* Scald burns, frequent among toddlers and preschool-
ers, are usually partial thickness burns resulting from
a hot liquid spill. House fires are the most lethal burn
injury circumstances: injury from inhalation of smoke
and other toxic gasses contributes to the injury from
the burn.

PATHOPHYSIOLOGY

* Burns cause local inflammatory changes, increased
vascular permeability with fluid and protein shifts,
tissue edema, and in severe cases, hypoperfusion and
shock.

CLINICAL FEATURES

* Burns are described in terms of location, depth, and
body surface area involved. The body surface area that
is burned is expressed as a percent of the total body
surface area.

1. First-degree burns involve only the epidermis. The
skin is red, but there are no blisters and sensation
is preserved.

2. Second-degree burns are partial thickness burns
of the dermis, in which the dermal appendages
are preserved. The skin has blistering and edema
and it is painful, tender, and sensitive to air.
The most frequent causes are scalds and flame
burns.

3. Third-degree burns are full-thickness injuries.
There is damage to the dermis and dermal
appendages, and in some cases to the subcutaneous

tissues. The skin appears white or leathery or
charred, and the skin surface is dry and nontender.
The burn circumstances include prolonged expo-
sure to fire or hot liquids.

4. The body surface area involved in a burn is impor-
tant in considering treatment and disposition. In
children, there is much age-specific variation in the
proportion of body surface area made up by
anatomic parts (head, trunk, arms, and legs). Use
of a child-specific burn chart is helpful to estimate
the percent of the body surface area involved.

MANAGEMENT

* Victims of house fires should be managed in the same
manner as a child with traumatic injury, with attention
to the airway, and a primary and secondary survey to
identify and treat all injuries. Specific attention should
be directed to the burn, with an estimation of the
extent and depth. Laboratory analysis should include
serum electrolytes, renal function tests, urinalysis, and
carboxyhemoglobin levels.

* For patients with localized burns from scalds, the size
and depth of the burn is estimated. The child should
be assessed for pain, and analgesic medications given
as needed.

* Restoration or maintenance of tissue perfusion is a
priority. The Parkland formula, which has widespread
use, is isotonic crystalloid, 4 mL/kg/%BSA over the
first 24 hours after the injury. Half of the fluid is given
in the first 8 hours, and the remainder is given over 16
hours. Maintenance fluids are added to this. As any
fluid resuscitation formula provides only an estimate
of fluid need, monitoring hourly urine output is help-
ful to confirm that fluid resuscitation is adequate.

* Inpatient management. Children with partial thickness
burns involving more than 10% of the body surface
area or full-thickness burns involving more than 2% of
the body surface area or partial thickness burns of the
face, hands, feet, or perineum should be admitted.

* Qutpatient management. Children with partial thick-
ness burns involving less than 10% of the body sur-
face area or full-thickness burns involving less than
2% of the body surface can be considered for outpa-
tient management if family support appears adequate
and there are no other significant injuries or underly-
ing illness. Minor burns are soaked in sterile saline
and gently cleaned. The treatment of blisters is con-
troversial—some advocate debridement while others
recommend all blisters be left intact. Topical antibi-
otics and a sterile dressing should be applied. Close
follow-up is recommended to insure the wound is
healing.
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16 SHAKEN INFANT
Danny E. Leonhardt

EPIDEMIOLOGY

* Head injury is the most common cause of death from
child physical abuse and is the leading cause of
trauma-related death in children. Infants and young
children comprise the most vulnerable population,
with head trauma accounting for an estimated 45-58%
of infant homicides. Most victims are younger than
9 months old.

* While social stressors such as poverty, domestic vio-
lence, and substance abuse are identified as risk fac-
tors for injury, abusive head trauma occurs among all
racial and socioeconomic groups. Crying, which
increases between 6 weeks and 4 months of age, is
often cited as a precipitating factor in abusive head
injury; this age range coincides with the peak inci-
dence of abusive head trauma. Male caretakers are the
most common perpetrators, followed by babysitters of
both sexes, and biologic mothers.

* Mortality from abusive head trauma is estimated to be
13-30%. Survivors often suffer devastating long-term
effects including cortical blindness, seizure disorder,
profound mental retardation, and quadriplegia.

CLINICAL FEATURES

* In 1972 Caffey described a constellation of findings in
infants: subdural and retinal hemorrhages without any
indication of external head trauma. He proposed that
the injuries were the result of violent shaking, and
described the findings as the whiplash-shaken infant
syndrome, later referred to as the shaken baby syn-
drome (SBS).

* The mechanism of injury in SBS is recurring cycles of
acceleration-deceleration of the head, creating shear-
ing forces that result in intracranial and retinal hemor-
rhages. The infant is usually held by the thorax, facing

the perpetrator, and is shaken back and forth with its
arms, legs, and head moving in a whiplash action.
The act of shaking which leads to abusive head
injuries is so violent that individuals observing the
incident would recognize it as dangerous to the child.
Anyone with adult strength or size can be a perpetra-
tor. Although most victims are less than 1 year of age,
abusive shaking has been reported to occur in children
as old as 5.

While shaking itself is known to cause serious or fatal
injuries, shaking is often accompanied by the impact
of the child’s head against an object or hard surface.
Therefore, it has been suggested that terms such as
shaken impact syndrome or abusive head trauma may
more accurately describe the full range of injuries.
The clinical signs of severe abusive head injury often
occur immediately after the injury event. These signs
vary from nonspecific symptoms such as vomiting,
decreased feeding, and fussiness, to lethargy, seizures,
apnea, and death. Signs of external injuries are often
subtle or absent: a bulging fontanel, localized
swelling, or minor bruising may be the only apprecia-
ble signs of trauma.

When skull fractures are present, there is frequently
swelling over the fracture site; however, the absence
of swelling does not exclude a skull fracture, particu-
larly if the fracture was sustained shortly before the
infant was brought to medical attention.

The characteristic features of abusive head trauma are
intracranial injury, retinal hemorrhages, and skeletal
injuries. While any of these clinical diagnoses may be
present in a case of abusive head trauma, it is not nec-
essary for all to be present to confirm the diagnosis of
abuse.

Intracranial injuries include subdural hemorrhage,
subarachnoid hemorrhage, cerebral edema/infarction,
parenchymal laceration/contusion, diffuse axonal
injury, and parenchymal hemorrhage. Subdural hem-
orrhage results from the tearing of bridging veins in
the subdural space because of the shearing forces
caused by shaking. Although subdural hemorrhage
may be unilateral, it is more commonly bilateral,
occurring along the convexity or within the interhemi-
spheric fissure.

Retinal hemorrhages are found in approximately 80%
of shaken infants. The mechanism of retinal hemor-
rhages is thought to be similar to that of intracranial
injuries, a consequence of abnormal shearing forces
inside the eye and orbit. They may be unilateral; their
presence in the absence of intracranial hemorrhage is
rare. The description of the retinal hemorrhages in
terms of number, type, location, and distribution is
essential for the diagnosis of abusive head injury.
A pattern of multiple hemorrhages, distributed



66  SECTION 2 ¢ EMERGENCY PEDIATRICS

throughout the retina, is virtually diagnostic for abu-
sive head injury. Retinal hemorrhages cannot be used
to determine the age of the injury.

* Although any skeletal fracture can be the result of
child abuse, the three types of fractures most com-
monly associated with abusive head trauma are skull,
rib, and long bone metaphyseal fractures.

* While a relatively small proportion of skull fractures
are a result of child abuse, the incidence of skull frac-
ture in victims of abusive head trauma ranges from 9
to 30%. No type of skull fracture is diagnostic for abu-
sive head injury; however, abuse should be strongly
suspected when a child with a story of minor head
trauma presents with complex, multiple, diastatic, or
occipital skull fractures.

* Rib fractures are the most common fractures present
in children with abusive head injury, accounting for
up to 50% of all fractures. Rib fractures can be single,
multiple, unilateral, or bilateral. Most rib fractures are
located posteriorly; however, fractures can occur on
any point along the rib arc. Most rib fractures in abu-
sive head trauma are a consequence of direct com-
pression from the perpetrator’s hands grasping the
child face-to-face by the thorax during a violent shak-
ing event.

* Long bone metaphyseal fractures or classic metaphy-
seal lesions (CML) are highly specific for child abuse.
Metaphyseal fractures most commonly affect the
tibia, femur, and proximal humerus and often have
a “corner” or “bucket-handle” appearance in radio-
graphic studies. CMLs can occur from acceleration/
deceleration forces during shaking or through forceful
twisting or pulling of an infant’s limb.

DIAGNOSIS/DIFFERENTIAL

* Intracranial hemorrhage in children from causes other
than trauma is rare. It is best to assume that all unex-
plained intracranial hemorrhage in children is because
of trauma. Many children with intracranial injury
present with a history of a short fall. Although falls are
the most frequent cause of injury in children, they are
an infrequent cause of death or severe head injury.

* When abusive head trauma is suspected, it is impor-
tant to obtain a history from each of the child’s care-
takers. It is often necessary to interview each
caretaker separately, focusing on specific questions
regarding feeding difficulties, vomiting, irritability, or
other subtle neurologic signs.

* It is important to construct a time line of when the
child’s symptoms began, and when the caretakers last
saw the child behaving normally. The history may be
inaccurate, as caretakers sometimes misrepresent or

claim to have no knowledge of the cause of the child’s
symptoms.

A thorough physical examination should be con-
ducted by a physician familiar with the signs of
injuries associated with abusive head trauma. The
examination should focus on cutaneous signs of phys-
ical abuse, such as bruises, localized scalp swelling,
burns, or marks suggestive of trauma. Cutaneous
injuries should be documented in the medical record,
and when possible, photographed for later reference.
A head computed tomography (CT) should be
obtained in any child in whom abusive head trauma is
suspected. The head CT should be performed without
IV contrast and should be assessed using bone and
soft tissue windows. The head CT allows the clinician
to identify injuries that may require urgent interven-
tion, including subarachnoid hemorrhage, mass effect,
and large extraaxial hemorrhage.

An MRI of the head should also be obtained whenever
abusive head trauma is diagnosed or suspected. The
MRI is more sensitive than head CT for the definition
and evaluation of subdural hemorrhage, shear injuries,
contusions, and secondary hypoxic-ischemic injury.
A skeletal survey (skeletal films of the hands, feet,
long bones, skull, spine, and ribs) should also be
obtained in any infant in whom abusive head trauma
is suspected. Acute fractures may be missed on the
initial survey, and visualized only on healing (1-2
weeks after the injury event). A skeletal survey should
be repeated 2 weeks after the initial evaluation in
selected cases in which abuse has been verified or
remains a possibility.

Bone scintigraphy (bone scan) is complementary to
the skeletal survey in the evaluation of children in
whom abuse is suspected. It is more sensitive than
plain films in the assessment of rib fractures, acute
nondisplaced long bone fractures, and subperiosteal
hemorrhage, as it identifies early periosteal reaction
not apparent on plain films.

An ophthalmology consult should be obtained in all
children in whom abusive head trauma is suspected.
The pupils should be pharmacologically dilated and
the eyes examined by a physician with experience in
ophthalmologic signs of child abuse.

Children suspected of being victims of abusive head
injury should undergo laboratory evaluation for
abdominal trauma, including liver and pancreatic
enzymes and urinalysis. Laboratory findings in abu-
sive head trauma may include abnormal clotting stud-
ies (PT and PTT) and anemia. The slight elevation in
these clotting studies is an effect of brain injury and
should not be confused with a clotting disorder. If
abnormal, these studies can be repeated in 2-3 weeks
to confirm or refute suspicion of a clotting disorder.
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EMERGENCY DEPARTMENT CARE
AND DISPOSITION

* The evaluation for possible abusive head trauma
needs to be undertaken in any infant or young child
where the nature or extent of the injuries is inconsis-
tent with the history given by the caretaker.

* Health care workers are mandatory reporters for child
abuse and neglect. A report to child protective ser-
vices and police should occur when suspicion arises
that an injury has been inflicted.

 After a report is made to child protective services, the
child needs to remain in a safe environment until the
medical evaluation and investigation is completed.
This may require admitting the child to the hospital
until an alternative safe place can be arranged.
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17 TOXICOLOGY

Suzan S. Mazor

INTRODUCTION

* The ingestion of a potentially poisonous agent is a
common reason for a child to be seen in an emergency

department. Young children (ages 1-5 years) have
usually inadvertently ingested a small amount of a
single toxic substance while adolescents have pur-
posefully ingested larger amounts of one or more sub-
stances.

* The management is dictated by the clinical presenta-
tion: in the acutely ill patient first the airway, breath-
ing, and circulation are stabilized by intubation,
ventilation, venous access, and pharmacologic sup-
port. In the stable child the history and physical exam-
ination are completed, with emphasis on what and
when and how much was ingested, and the manage-
ment of the poisoning is directed to preventing
absorption, enhancing excretion, and providing an
appropriate antidote.

* Activated charcoal should be given to all patients
with ingestions that are potentially toxic who pre-
sent to the ED within 4 hours of the event unless the
ingested substance is not absorbed by activated
charcoal.

* Psychiatric assessment should be obtained for all
patients with purposeful ingestions; education and
poison prevention information should be provided to
those with unintentional ingestions.

SUBSTANCE ABUSE
ETHANOL

EPIDEMIOLOGY

* Ethanol is found in beer, wine, and liquor. In addition,
many household products, such as cologne, perfume,
and mouthwash contain high concentrations (up to
70%) of ethanol.

PATHOPHYSIOLOGY

* Ethanol is a central nervous system (CNS) depressant
and impairs gluconeogenesis. Children with ethanol
poisoning are at risk for hypoglycemia because of
limited glycogen stores that are rapidly depleted.

CLINICAL FEATURES

* Mild to moderate intoxication presents with nystag-
mus, ataxia, hypoglycemia, and CNS sedation. At
higher levels, hypothermia, coma, and respiratory
depression are seen.

DIAGNOSIS AND DIFFERENTIAL

* Serum ethanol levels are available in most hospital
laboratories. The differential diagnosis includes
head injury, hypoxia, hypoglycemia, sepsis and
encephalopathy, as well as sedative-hypnotic drugs,
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drugs of abuse and other alcohols (methanol, ethylene
glycol and isopropyl alcohol).

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* The care of patients with ethanol intoxication is sup-
portive. Particular attention should be directed to
serum glucose replacement and correction of
hypothermia. Activated charcoal is not useful in man-
aging an ethanol ingestion, and gastric lavage is help-
ful only in a recent ingestion (<30 minutes) of a large
amount of ethanol.

VOLATILE SUBSTANCES (INHALANTS)

EPIDEMIOLOGY

* Volatile substances of abuse or inhalants include
hydrocarbons, nitrites, anesthetic agents, and ketones.
Solvent abusers use various techniques in order to
induce a “high.” “Sniffing” involves inhaling directly
from an open container, “huffing” refers to inhaling
through cloth soaked in solvent, and “bagging” is
breathing the solvent’s vapor from a plastic bag.

PATHOPHYSIOLOGY

* Inhalants are toxic to the central nervous system,
either directly or because of hypoxia. Some inha-
lants sensitize the myocardium to catecholamines,
resulting in an increased incidence of arrhythmia.
Chronic toluene abuse impairs the ability of the
distal renal tubule to excrete hydrogen ions, result-
ing in a distal renal tubular acidosis. Heavy,
long-term inhalant abusers may have persistent neu-
rologic deficits.

CLINICAL FEATURES

* A high level of suspicion is required to diagnose
inhalant abuse. Residue or odor of the abused sub-
stance, such as paint residue, may remain on the
victim or his clothing. Early intoxication produces
euphoria, ataxia, and slurred speech; lethargy and
confusion may follow. In severe cases, seizures or
coma develops. Sudden death from dysrhythmia,
caused by myocardial sensitization to catecholamines,
has also been observed.

* Chronic inhalant abuse may present with muscle
weakness, weight loss, hypokalemia, metabolic acido-
sis, and cognitive dysfunction. Nitrite abuse may oxi-
dize the ferrous ion in hemoglobin, causing
methemoglobinemia. Methylene chloride, found in
paint stripper, is metabolized to carbon monoxide
(CO) by the liver.

DIAGNOSIS AND DIFFERENTIAL

» The diagnosis of inhalant abuse should be suspected
in adolescents who present with unexplained mental
status changes, dysrhythmias, syncope, hypokalemia,
or cardiac arrest. Nitrite abuse should be suspected in
unexplained methemoglobinemia, and methylene
chloride in unexpected carbon monoxide poisoning.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* The patient should be removed from the source of
exposure and given supplemental oxygen. The skin is
decontaminated with copious irrigation. If intubation
is indicated, hyperventilation may speed elimination
of the inhalant. Pressors and epinephrine should be
used with extreme caution because of the possibility
of a sensitized myocardium. Seizures and agitation
should be treated with benzodiazepines.

* For patients with symptomatic methemoglobinemia,
or levels >30%, methylene blue should be adminis-
tered. Patients with elevated carboxyhemoglobin
(COHBD) levels should be treated with 100% oxygen.

COCAINE

EPIDEMIOLOGY

* Cocaine is one of the most commonly used drugs of
abuse. It is well-absorbed following contact with
mucous membranes and can be snorted, smoked, or
injected intravenously.

PATHOPHYSIOLOGY

* The effects of cocaine are central nervous system
stimulation, vasoconstriction, and local anesthesia.
Cocaine has quinidine-like effects on conduction,
causing QRS widening and QTc prolongation.

CLINICAL FEATURES

* Cocaine toxicity presents with a sympathomimetic
toxidrome: signs and symptoms include hyperther-
mia, hypertension, tachycardia, tachypnea, altered
mental status, seizures, mydriasis, diaphoresis, and
hyperactive bowel sounds (Table 17-1). Ischemia of
any vascular bed is possible. Arterial vasoconstriction
may lead to myocardial ischemia and dysrhythmias.
Cerebral infarcts and seizures can occur, as can skele-
tal muscle injury resulting in rhabdomyolysis.

DIAGNOSIS AND DIFFERENTIAL

* Urine toxicology screens generally measure ben-
zoylecgonine, a cocaine metabolite. Cocaine abuse
should be considered in the differential diagnosis of a
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TABLE 17-1 Toxic Syndromes

Tricyclic antidepressants/anticholinergics

Hot as a hare—hyperthermic

Dry as a bone—dry mouth

Red as a beet—flushed skin

Blind as a bat—dilated pupils

Mad as a hatter—confused delirium

Sympathomimetics (cocaine, amphetamines)

Mydriasis
Tachycardia
Hypertension
Hyperthermia
Seizures

Narcotics

Miosis
Bradycardia
Hypotension
Hypoventilation
Coma

Cholinergics (organophosphates)

Diarrhea, diaphoresis
Urination

Miosis, muscle fasciculations
Bradycardia

Emesis

Lacrimation

Salivation

patient with the signs and symptoms of a sympatho-
mimetic toxidrome.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Benzodiazepines are used to control agitation and to
treat hypertension. In addition, nitroprusside or
phentolamine can be used to control blood pressure.
Beta-blockers may exacerbate hypertension because of
unopposed alpha-adrenergic stimulation, and should
be avoided. Hyperthermia is treated with active cool-
ing. Sodium bicarbonate may be useful in the manage-
ment of ventricular arrthythmias. Intravenous hydration
and urine alkalinization is recommended if rhabdomy-
olysis is present.

OPIOIDS

EPIDEMIOLOGY
* Opioids are used clinically for analgesia and anesthe-
sia, and illicitly as drugs of abuse.

PATHOPHYSIOLOGY
* Opioids produce their effects by interacting with
mu, kappa, and delta receptors in the central and

peripheral nervous systems and in the gastrointesti-
nal tract.

CLINICAL FEATURES

* The classic triad of opioid toxicity is central nervous
system depression, respiratory depression, and miosis;
however, multiple organ systems can be affected.
Cardiovascular effects include hypotension as a result
of histamine release and dysrhythmias, seen most often
with propoxyphene toxicity. Flushing and pruritus are
also caused by histamine release. Bronchospasm and
noncardiogenic pulmonary edema have been observed.

* Mydriasis is caused by meperidine, dextromethor-
phan, or propoxyphene. Seizures may occur following
ingestion of meperidine, propoxyphene, tramadol or
because of coingestants.

DIAGNOSIS AND DIFFERENTIAL

* Although urine toxicology screens detect opioids, sev-
eral of the synthetic opioids, methadone, hydrocodone,
oxycodone, propoxyphene and fentanyl, are not
detected routinely.

* The diagnosis of opioid overdose should be consid-
ered in any patient who presents with CNS depression,
respiratory depression, and miosis (Table 17-1). The
differential diagnosis is broad and includes sedative-
hypnotic agents, ethanol, phenothiazines, central alpha,
agonists, such as clonidine, organophosphates and
carbamates, as well as nonmedication causes such as
trauma, encephalopathy, hypoglycemia, hypoxia, and
pontine hemorrhage.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Supportive care, with attention to airway, breathing, and
circulation, should be initiated. Activated charcoal is
useful in managing oral ingestions. Naloxone, a syn-
thetic opioid antagonist, should be administered in
patients with poor respiratory effort or depressed mental
status; the dose is 0.1 mg/kg with a maximum of 2 mg.
Repeat doses can be administered if needed every
3 minutes to a total of 10 mg. Because the half-life of
most opioids exceeds that of naloxone, the dose may
need to be repeated, or a continuous infusion started.

AMPHETAMINES

EPIDEMIOLOGY

* Prescription amphetamines such as methylphenidate
are commonly used in children. The synthetic
amphetamines, ecstasy (methylenedioxymethamphet-
amine [MDMA]) and speed (methamphetamine) are
illicit stimulants.
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PATHOPHYSIOLOGY

* Amphetamines activate the sympathetic nervous
system and stimulate adrenergic receptors, resulting
in central nervous system stimulation.

CLINICAL FEATURES

* Mild amphetamine toxicity presents with dilated
pupils, tremor, hyperreflexia, tachycardia, and
tachypnea (Table 17-1). With more severe toxicity,
hyperthermia, cardiac dysrhythmias, seizures, and
rhabdomyolysis may occur. Hyponatremia is a rare
but serious complication of ecstasy abuse, and is
commonly seen after a large amount of water is
ingested.

DIAGNOSIS AND DIFFERENTIAL

* A blood or urine toxicology screen is used to confirm
amphetamine use. The screen may fail to detect the
synthetic amphetamine analogs.

* Amphetamine abuse should be considered in patients
with CNS stimulation, psychotic behavior, or hyper-
pyrexia.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Management of amphetamine toxicity is supportive.
Gastric lavage should be considered only in recent
ingestions. Activated charcoal is useful in adsorbing
ingested amphetamines.

e If hyperthermia is present, active cooling and IV
fluids are recommended. Urinary alkalinization may
be useful for rhabdomyolysis. Benzodiazepines
should be administered to patients with seizures, agi-
tation, or muscular rigidity.

IRON

EPIDEMIOLOGY

* Iron is widely used as a vitamin supplement, for pre-
natal supplementation, and for treatment of anemia.
Although it is presumed by many to be harmless, iron
is one of the most frequent causes of fatal poisonings
in children.

PATHOPHYSIOLOGY

* Tron catalyzes free radical formation and oxidizes a
wide range of substances, causing tissue damage and
dysfunction, especially in tissues with high metabolic
activity.

CLINICAL FEATURES

* The amount of iron ingested is calculated based on the
concentration of elemental iron in the compound: fer-
rous fumarate contains 33% elemental iron, ferrous

sulfate contains 20% elemental iron, and ferrous glu-

conate contains 12% elemental iron.

* There are five phases of iron toxicity:

1. Phase one lasts 0—12 hours. Iron-induced gas-
trointestinal mucosal injury results in vomiting,
diarrhea, abdominal pain, and gastrointestinal
bleeding.

2. Phase two, 6-24 hours, is known as a “quiescent”
phase, although metabolic abnormalities and hypo-
volemia are often present. The clinician should not
be reassured by the patient’s benign clinical
appearance in this stage.

3. Phase three, the next 648 hours, is characterized
by profound shock and metabolic acidosis. Coma,
seizures, and renal and hepatic failure can occur.
Aggressive intervention to support vital function is
essential.

4. In phase four, the following 2—4 days, iron’s direct
toxic effects on mitochondria cause fulminant
hepatic failure.

5. Phase five, which may last several weeks, is rare. It
is gastrointestinal obstruction resulting from intes-
tinal scarring.

DIAGNOSIS AND DIFFERENTIAL

* The serum iron concentration should be measured 2—-6
hours postingestion, when it is expected to peak.
Other useful laboratory tests include an arterial blood
gas, electrolytes, and liver, renal, and coagulation pro-
files. Serum iron concentrations over 500 pg/dL indi-
cate significant toxicity. Elevations of the white blood
cell count and blood glucose are also suggestive of
significant ingestion. An abdominal radiograph may
show iron in the gastrointestinal tract, but a negative
radiograph does not rule out iron ingestion.

* Iron overdose should be considered in any child who
presents with shock, gastrointestinal hemorrhage, or
an elevated anion gap metabolic acidosis.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Support the airway and ventilate as necessary. Treat
hypovolemic shock with IV fluids and blood prod-
ucts. Ipecac induced vomiting may be considered if it
is initiated within a few minutes of the exposure.
Consider gastric lavage if liquid or chewed tablets
were ingested. Activated charcoal, which does not
bind iron, is not recommended. Whole bowel irriga-
tion with polyethylene glycol solution via nasogastric
tube at a rate of 250-500 cc/hour is very effective in
removing ingested tablets.

 Patients with serum iron >500 pg/dL, as well as
those with lower serum iron levels associated with
shock, gastrointestinal (GI) bleeding, or severe aci-
dosis should be treated with IV deferoxamine
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(10-15 mg/kg/hour infusion). Urine color change to
“vin-rose” indicates formation of the chelated iron-
deferoxamine complex.

* Deferoxamine can be discontinued after the serum
iron level has decreased to normal. Prolonged
(>24-48 hours) use of deferoxamine is associated
with acute respiratory distress syndrome and Yersinia
enterocolitica sepsis.

LEAD

EPIDEMIOLOGY

* Lead intoxication is the most common metal poison-
ing encountered today. Lead was used in residential
house paint until 1977 and is still present in many
older urban homes. Chronic ingestion of lead paint
chips and dust are the primary routes of lead exposure
in children.

PATHOPHYSIOLOGY

* Lead interferes with hemoglobin synthesis and cellu-
lar and mitochondrial function, resulting in multior-
gan system effects.

CLINICAL FEATURES

* Central nervous system symptoms of lead toxicity
include fatigue, malaise, headache, motor weakness,
and encephalopathy. Gastrointestinal effects include
constipation and crampy abdominal pain, known as
lead colic. A hypochromic, microcytic anemia is com-
monly seen, and basophilic stippling is characteri-
stic. Renal insufficiency or a Fanconi-like syndrome
(aminoaciduria, glucosuria, hypophosphatemia, hyper-
phosphaturia) may also occur.

DIAGNOSIS AND DIFFERENTIAL

* A whole blood lead level is the most useful laboratory
test. Ancillary tests include erythrocyte or zinc proto-
porphyrin, which is elevated in chronic lead poison-
ing. Radiographs of the wrists and knees may show
“lead lines,” dense bands visible in the distal meta-
physeal ends of long bones, which are supportive of
the diagnosis.

* The diagnosis of lead encephalopathy should be con-
sidered in any child with seizures or delirium. The
abdominal pain of “lead colic” may be mistaken for
appendicitis, renal colic, or peptic ulcer disease.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Whole bowel irrigation with a polyethylene glycol
solution, 35 mL/kg/hour by nasogastric tube may be
helpful in removing lead in patients with lead visible
in abdominal radiographs.

* Chelation should be instituted in patients with high
lead levels. Options for chelation include IV calcium
sodium edetate (ethylene diamine tetra acetate
[EDTA]), IM dimercaprol (British-anti-Lewisite
[BAL]), and oral succimer. EDTA and BAL are gen-
erally used for cases of severe poisoning, lead levels
exceeding 70 pg/dL and/or encephalopathy, whereas
succimer is used for milder cases. A specialist should
be contacted regarding treatment options in lead-
poisoned patients.

* The child’s home environment should be evaluated
and the lead removed. It may be necessary to hospi-
talize the child to provide a lead-free environment
while this occurs.

SEDATIVE/ANALGESICS
ACETAMINOPHEN

EPIDEMIOLOGY

* Acetaminophen, a widely used drug found in many
over-the-counter and prescription products, is the
most common pharmaceutical agent involved in over-
dose.

PATHOPHYSIOLOGY

* In therapeutic doses, most acetaminophen is conju-
gated in the liver by glucuronidation and sulfation. A
small percentage is metabolized by hepatic cytochrome
P450 to N-acetyl-para-benzoquinoneimine (NAPQI).
NAPQI is bound to glutathione and detoxified. In
overdose, glucuronidation and sulfation mechanisms
are saturated, and more acetaminophen is metabo-
lized to NAPQI. Hepatic glutathione is rapidly
depleted, and NAPQI begins to exert its hepatotoxic
effects.

CLINICAL FEATURES

* An acute ingestion of 150-200 mg/kg in a child or
6-7 g in an adult is potentially hepatotoxic. Early after
acute overdose of acetaminophen, symptoms are rela-
tively minor or absent. Nausea, vomiting, and
anorexia may be seen. Approximately 36 hours after
ingestion, transaminase levels rise. Encephalopathy,
metabolic acidosis, and an increasing prothrombin
time suggest a poor prognosis.

DIAGNOSIS AND DIFFERENTIAL

» After an acute overdose, a 4-hour acetaminophen
level should be obtained and plotted on the Rumack-
Matthew nomogram (Fig. 17-1). The nomogram is not
helpful in assessing the potential toxicity of chronic
ingestions or ingestions of extended release products.
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* The differential diagnosis of acetaminophen toxicity
includes viral hepatitis, other toxic hepatitides, and
hepatobiliary disease.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

*» Activated charcoal is useful after acute overdose. It is
recommended if the ingestion has occurred within 1-2
hours of presentation or if coingestants are suspected.
In patients with an acetaminophen level above the
“possible toxicity” nomogram line, N-acetylcysteine
(NAC) oral or via nasogastric tube, is indicated. NAC
prevents hepatic toxicity if administered within 8 hours
of ingestion. The standard NAC dose is a 140 mg/kg
loading dose, then 70 mg/kg every 4 hours for 17 doses.
Antiemetics may be necessary. IV NAC, which is not
approved for use in the United States, is useful in
patients with intractable vomiting, fulminant hepatic
failure, and pregnancy.

SALUCYLATES

EPIDEMIOLOGY

* Salicylates are widely used for their analgesic and
anti-inflammatory properties. Although there has
been a dramatic decline since the 1960s in childhood
mortality related to aspirin ingestions, toxic exposures
continue because salicylates are found in many pre-

FIG. 17-1 Rumack-Matthew nomogram.
24 APAP: N-acetyl-para-aminophenol (aceta-
minophen) (Rumack and Matthew, 1975).

scription and over-the-counter products, including
analgesics, cold medicines, Pepto-Bismol, and oil of
wintergreen.

PATHOPHYSIOLOGY

* Salicylate absorption may be erratic. At physiologic
pH, salicylate molecules are ionized, but with
acidemia, more become nonionized. Nonionized sa-
licylates cross cell membranes and the blood-brain
barrier easily, causing toxic effects.

* Initially, salicylates stimulate the respiratory center,
resulting in hyperventilation and respiratory alkalosis.
Intracellular effects include uncoupling of oxidative
phosphorylation and disruption of glucose and fatty
acid metabolism, causing metabolic acidosis.

CLINICAL FEATURES

* Acute ingestion produces vomiting, tinnitus, and
lethargy. Respiratory alkalosis caused by hyperpnea
may be seen early following ingestion, later, meta-
bolic acidosis predominates. Severe poisoning results
in hyperthermia, pulmonary edema, hyper- or hypo-
glycemia, seizures, and coma.

DIAGNOSIS AND DIFFERENTIAL

* Peak salicylate levels are usually reached within 6
hours after the ingestion; however, with sustained
release products, peak levels can occur later (10-60
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hours postingestion). Aspirin can also form a gastric
bezoar, further delaying absorption. After the level
peaks, serial levels should be obtained every 2-4
hours until the level is less than 30 mg/dL. Most tox-
icologists no longer use the Done nomogram to esti-
mate toxicity.

* Salicylate toxicity should be considered in patients
with overdose of any analgesic, and in patients pre-
senting with increased anion gap metabolic acidosis.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Attention to airway, breathing and circulation, and
ensuring adequate ventilation to prevent respiratory
acidosis is important. Consider gastric lavage for alert
patients with massive ingestions who present within
1 hour of ingestion.

* Activated charcoal (1 g/kg) should be administered
and repeat doses (0.25-0.5 g/kg every 2—4 hours) con-
sidered for large ingestions or sustained release prepa-
rations. The goal is a ratio of 10 g of charcoal for
every 1 g of salicylate ingested.

* Intravenous fluids are crucial to management; urinary
alkalinization forces salicylate into ionized form,
enhancing its elimination through the kidney. Sodium
bicarbonate (3 ampules, 150 meq of 8.4% NaHCO,) is
added to 1 L of D5SW and given at a rate of 1.5-2
times maintenance. Serum pH should be monitored
and maintained between 7.45 and 7.55. Potassium
supplementation should be modified to achieve a
urine pH of 7.5.

* Hemodialysis is indicated for patients with serum sa-
licylate levels of 100 mg/dL following acute ingestion,
or with severe acidosis, electrolyte abnormalities,
coma or seizures, regardless of salicylate level.

BENZODIAZEPINES

EPIDEMIOLOGY

* Since their introduction in the 1960s, benzodiazepines
have become the most widely prescribed group of
psychoactive drugs; they have multiple therapeutic
uses. When ingested alone, they are unlikely to result
in significant toxicity.

PATHOPHYSIOLOGY

* Benzodiazepines potentiate gamma-aminobutyric acid
(GABA), a CNS inhibitory neurotransmitter, causing
sedation and anxiolysis.

CLINICAL FEATURES

* Benzodiazepine intoxication causes sedation and CNS
depression. Compared to other sedative-hypnotic
agents, benzodiazepines are less likely to induce severe

cardiovascular instability or respiratory depression
unless combined with other agents.

DIAGNOSIS AND DIFFERENTIAL

* Urine toxicologic screens that determine the presence
of benzodiazepines are available at most hospitals. The
diagnosis of benzodiazepine overdose should be con-
sidered in any patient presenting with CNS depression.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Initiate supportive care with attention to airway,
breathing, and circulation. Gastric lavage may be con-
sidered if the patient presents within 1 hour of a life-
threatening ingestion. Administer a dose of activated
charcoal.

Flumazenil is a specific benzodiazepine antagonist
that can be used to reverse the effects of benzodi-
azepine overdose (hypoventilation, coma). Seizures
have been reported to result from flumazenil in
patients chronically taking benzodiazepines or who
have taken coingestants (i.e., tricyclic antidepres-
sants). Therefore, flumazenil should only be used to
reverse CNS depression in patients who are not chron-
ically using benzodiazepines who present with a
known pure benzodiazepine overdose.

BARBITURATES

EPIDEMIOLOGY
 Barbiturates are widely available and used for seizure
control and sedative-hypnotic effects.

PATHOPHYSIOLOGY

 Barbiturates vary in their durations of action based on
their lipid solubility. The shortest acting agents have
the greatest lipid solubility and thus the greatest CNS
penetration. All barbiturates cause CNS sedation, res-
piratory depression, and hypotension. Their mecha-
nism of action is thought to be through potentiation of
GABA, the major inhibitor of CNS activity.

CLINICAL FEATURES

* Typical features of barbiturate toxicity include slurred
speech, ataxia, nystagmus, and lethargy, in addition to
respiratory depression, hypotension, and hypother-
mia. Bullous skin lesions on dependent portions of the
body (barb bullae) have been reported in up to 6% of
cases of barbiturate overdose; however, these lesions
are nonspecific.

DIAGNOSIS AND DIFFERENTIAL
* Urine toxicology screens commonly detect qualitative
presence of barbiturates. Specific serum phenobarbital
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levels are available in most hospital laboratories. The
diagnosis of barbiturate overdose should be consid-
ered in any patient with a depressed level of con-
sciousness.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Initiate supportive care with attention to airway,
breathing and circulation. Gastric lavage may be con-
sidered if the patient presents within 1 hour of a life-
threatening ingestion. A dose of activated charcoal
(1 g/lkg) is recommended. Multiple dose activated
charcoal (0.25 g/kg every 4-6 hours) has been shown
to decrease the half-life of phenobarbital.

e Urinary alkalinization increases the elimination of
phenobarbital; it is not effective for short acting bar-
biturates. Hemodialysis or hemoperfusion may be
necessary for patients with severe symptoms, such as
hypotension refractory to supportive care.

HYDROCARBONS

EPIDEMIOLOGY

* Hydrocarbon ingestion is one of the most common
childhood toxic exposures, usually occurring in chil-
dren younger than 5 years old. Some children are
attracted to the pleasant scents or colorful packaging
of these substances; others are exposed because of
improper storage in open, or easily opened containers
(soda bottles, jelly glasses).

 Aliphatic hydrocarbons are straight-chained carbon
molecules saturated with hydrogen atoms. They are
commonly used as fuels, polishes, and solvents.
Ingested aliphatic hydrocarbons generally produce
little systemic toxicity, but during ingestion they pose
a serious risk of pulmonary aspiration.

* Hydrocarbons are rarely pure: many contain cam-
phorated, halogenated, or aromatic hydrocarbons, and
others are mixed with metals or pesticides. These
coingestants are also possibly toxic. Therefore, know-
ing the exact chemical content of the ingested hydro-
carbon is important.

PATHOPHYSIOLOGY

* The aspiration potential of a hydrocarbon depends on
its viscosity, volatility, and surface tension. Aspiration
potential increases with low viscosity, low surface
tension, and high volatility. Hydrocarbons destroy
pulmonary surfactant, leading to ventilation-perfusion
mismatch, hypoxia, and chemical pneumonitis.

CLINICAL FEATURES
* Prolonged cough, gasping, or choking following
ingestion often indicates aspiration. When aspiration

occurs, respiratory distress will usually be evident
within 2-6 hours. Fever, caused by direct tissue tox-
icity, is commonly present early in the clinical course.

DIAGNOSIS AND DIFFERENTIAL

* All symptomatic patients with hydrocarbon ingestion
should have a chest radiograph, pulse oximetry, and
cardiac monitoring. While the differential diagnosis
for hydrocarbon aspiration includes acute respiratory
distress because of asthma, foreign body aspiration, or
pulmonary infection, most children with a hydrocar-
bon ingestion have a clear history.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Treatment is primarily supportive. For patients who
present soon after ingestion of agents with known
systemic toxicity (camphorated, halogenated, aro-
matic, metal containing, pesticides), careful gastric
lavage with a small caliber nasogastric tube may be of
benefit.

* Patients who remain asymptomatic after 4—-6 hours of
observation may be discharged. Steroids and antibi-
otics have not been shown to be effective in treatment
of hydrocarbon aspiration, and are not recommended.

CAUSTIC AGENTS

EPIDEMIOLOGY

 Caustic agents, which cause direct tissue injury, are
present in many household products as well as in
“industrial strength” cleaning products. Fatality is rare
but morbidity is significant.

¢ Household bleach, an alkali, is the most common caus-
tic exposure among children. Other alkalis include
sodium hydroxide (lye), drain, oven, and toilet bowl
cleaners, and dishwasher detergent. Ingested acids
include metal cleaners, rust removers, battery acid, and
swimming pool and toilet bowel cleaners.

PATHOPHYSIOLOGY

* Acids cause a coagulative necrosis, which tends to
limit further tissue damage. In contrast, alkalines
cause a liquefactive necrosis with saponification and
continued penetration into deeper tissues, resulting in
extensive tissue damage.

CLINICAL FEATURES

* Inhalation of corrosive gases may cause upper airway
injury, with stridor, hoarseness, or wheezing. Skin or
eye exposure (gases or liquids) often results in imme-
diate pain and redness; burns and blindness can also
occur. Oral ingestion usually causes severe pain, fol-
lowed by spontaneous vomiting.
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* Injury to the esophagus from alkaline ingestion has
been graded. Grade I injury, mucosal hyperemia with-
out ulceration, carries no long-term risk of stricture
formation. Grade II burns, with submucosal lesions
and ulcerations, carry a 75% risk of stricture forma-
tion, and grade III burns, with deep ulcers and tissue
necrosis, invariably lead to strictures and carry a high
risk of perforation. Long-term risk of esophageal car-
cinoma is also markedly increased with grades II and
[T burns.

* Household liquid bleach is not concentrated enough
to cause esophageal injury, but ingestion may cause
GI irritation.

DIAGNOSIS AND DIFFERENTIAL

* After oral ingestion of a caustic, oropharyngeal burns
may be present; however, their absence does not
exclude injury to the more distal GI tract. Chest and
abdominal radiographs may show esophageal or gas-
tric perforation.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Activated charcoal will interfere with endoscopy and
usually does not adsorb caustics, so its use is con-
traindicated. Syrup of ipecac is also contraindicated.
Dilution with milk or water may be helpful if initiated
within the first few minutes after exposure in those
who have no airway complaints, vomiting, or abdom-
inal pain, and are able to speak.

* Endoscopy should be considered in children with
vomiting or drooling. The procedure is ideally per-
formed within 12-24 hours of injury. Patients with
grade I injury can resume their diet as tolerated and
can be discharged from the hospital when they are
able to eat and drink.

* Administration of corticosteroids and antibiotics is
controversial but may be beneficial in patients with
circumferential grade II esophageal burns. Grade III
burns are likely to progress to stricture despite ther-
apy, thus steroids are not recommended.

CARBON MONOXIDE

EPIDEMIOLOGY

» Carbon monoxide (CO) exposure is the most common
cause of poisoning death in the United States; chil-
dren and adolescents account for some of the victims.
Exposure to CO results from inhalation of smoke in
fires, from motor vehicle exhaust, or from combustion
of charcoal, wood, or natural gas for heating or cook-
ing. CO is insidious because it is odorless, colorless,
and nonirritating. Many exposures are unrecognized
because symptoms are nonspecific.

PATHOPHYSIOLOGY

* CO is absorbed via inhalation and binds to hemoglo-
bin with an affinity 200-250 times that of oxygen.
COHBb shifts the hemoglobin dissociation curve to the
left, making oxygen less available to cells.

CLINICAL FEATURES

» Mild CO exposure presents as a “flu-like” illness with
headache, nausea, malaise, and weakness. Moderate
exposure results in confusion, lethargy, syncope, and
ataxia. In severe exposures coma, seizures, myocar-
dial infarction, and dysrhythmias are seen.

A delayed neuropsychiatric syndrome after CO expo-
sure has been described. Clinical signs and symptoms
include decreased cognition, Parkinsonism and per-
sonality changes. This syndrome typically resolves
within 1 year.

DIAGNOSIS AND DIFFERENTIAL

* There are no reliable clinical findings for carbon

monoxide poisoning; cherry-red skin color and

bright-red venous blood are suggestive but infre-
quently observed. Venous or arterial blood COHb
levels should be measured by cooximetry. As pulse-
oximetry measures saturated hemoglobin, this value is
often normal and this is not a reliable screening test.

Arterial blood gas results show metabolic acidosis.

Children may have symptoms (headache or lethargy)

with COHb levels <10%; this low level is associated

with no symptoms in most adults.

* The diagnosis of CO poisoning should be considered
in patients with “flu-like” illness including influenza,
gastroenteritis, alcohol intoxication, and sedative-
hypnotic intoxication.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* The half-life for dissociation of CO from hemoglobin
in room air is 6 hours. Administration of 100%
oxygen will shorten the half-life to 1 hour. Hyperbaric
oxygen at 2-3 atmospheres of pressure reduces the
half-life further to 20-30 minutes, and should be con-
sidered for cases with severe toxicity (coma or other
neurologic symptoms). A poison control center should
be contacted for advice when managing severe CO
poisoning.
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18 BIOTERRORISM
Elizabeth C. Powell

INTRODUCTION

* Bioterrorism is the intentional use of biologic agents
to produce disease or intoxication in a susceptible
population. Biologic agents have been used through-
out history; the most recent experience was the
anthrax outbreak in 2001 in the United States.

» There are specific disease patterns that are consis-
tent with possible bioterrorism. Most bioterrorist
agents initially induce an influenza-like prodrome
including fever, chills, myalgias, or malaise. One or
more syndromic patterns follow: rapidly progressive
pneumonia, fever with rash, fever with altered
mental status, or bloody diarrhea. Epidemiologic
evidence includes (a) the sudden presentation of a
large number of victims with a similar disease or
syndrome (cluster), (b) many cases in a similar
stage of disease (resulting from a common source of
exposure), (c) disease that is more severe or more
rapidly progressive than is commonly encountered,
and (d) presentation in an unusual geographic area
or transmission season.

* When bioterrorism is suspected, physicians must
work closely with the public health department so as
to effectively diagnose and treat patients.

* The U.S. Centers for Disease Control and Prevention
(CDC) has named six pathogenic microbes that pose
the greatest risk as bioweapons: anthrax, smallpox,
plague, tularemia, botulism, and viral hemorrhagic
fever (Ebola, Marburg, Lassa, and others). These
agents are the easiest to transmit and they are the most
deadly.

ANTHRAX

EPIDEMIOLOGY

* Anthrax spores are common in the soil. The organism
infects sheep and cattle and occasionally people, usu-
ally through direct skin contact (cutaneous anthrax).
Inhalational anthrax, the most lethal form, occurs
after the inhalation of anthrax spores. Gastrointestinal
anthrax is acquired by the ingestion of poorly cooked
contaminated meat.

e There is a vaccine for anthrax; its use has been limited
to military and some emergency personnel.

CLINICAL FEATURES

* Onset of illness usually occurs 1-5 days after expo-
sure, but symptoms can take as long as 6 weeks to
develop. Symptoms include fever, headache, malaise,
and myalgia. In cutaneous exposure, the skin lesion,
initially a papule, ulcerates, enlarges, and develops a
characteristic black eschar. Inhalational anthrax has
an estimated 90% mortality if not treated quickly.

» There appears to be no person-to-person transmission.

DIAGNOSIS AND DIFFERENTIAL

* The symptoms of anthrax are similar to influenza and
other acute viral illnesses. Most patients have medias-
tinitis, suggested by a wide mediastinum (chest com-
puted tomography [CT] or chest radiograph). Many
have pleural effusions; some develop pulmonary infil-
trates.

* Blood cultures usually grow the organism in 24-36
hours. Specific tests for anthrax (polymerase chain
reaction [PCR], immunohistochemistry) can be per-
formed through state health departments.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

o If inhalational anthrax is suspected, treatment with
intravenous antibiotics (ciprofloxacin or high dose
penicillin with streptomycin) should be initiated.

* Possible prophylaxis regimens for those with a high
exposure risk include doxycycline and ciprofloxacin.

SMALLPOX

EPIDEMIOLOGY

* There are two forms of disease: variola major, the more
severe form (30% mortality in unvaccinated) and variola
minor, the milder form (1% mortality in unvaccinated).

* Transmission is person-to-person via aerosol or
droplets. Routine vaccination in the United States
stopped in 1972 and global eradication was achieved
in 1980. Currently, the world’s population is relatively
unprotected from this virus.
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* The only remaining authorized virus is in two desig-
nated labs in the United States and Russia. There is
concern that the virus may exist outside the two refer-
ence laboratories.

CLINICAL FEATURES

* The incubation period is 7-17 days and the clinical
symptoms are similar to those of influenza: fever,
headache, and myalgias. The rash develops initially
on the face, but spreads to the extremities and the
trunk over several days.

* In contrast to varicella (chicken pox), the pustules are
deeply embedded in the skin, more concentrated on
the face and the extremities, and are in “phase” (i.e.,
all vesicular) in a specific body area.

DIAGNOSIS AND DIFFERENTIAL

* The early differential includes influenza and other
viral diseases. After the rash appears, it must be dis-
tinguished from varicella.

* All suspected cases should be reported to the state
health department. A confirmed case constitutes a
probable bioterrorist event.

¢ Vesicle fluid can be used for viral culture, examination
by electron microscopy, or PCR. This should be done
in a designated laboratory. The state health department
and the Centers for Disease Control should be con-
tacted concerning specimen transport.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* There is no known effective therapy. Patients who do
not need hospital admission for supportive care
should be isolated and cared for at home so as to min-
imize spread of the disease. Admitted patients should
be isolated in negative pressure rooms with aerosol
precautions.

¢ All close contacts should be identified, and vaccinated
if it is within 4-5 days of the exposure. Vaccination
within 2-3 days of exposure will prevent the disease
in most people.

PLAGUE

EPIDEMIOLOGY

* Caused by Yersinia pestis, a bioterrorist attack would
likely use an aerosolized form than can be inhaled,
resulting in pneumonic plague. Secondary transmission
would be person-to-person by inhalation of respiratory
droplets. The disease has a rapid progression.

CLINICAL FEATURES
* The incubation period for primary pneumonic plague
is 1-6 days. Symptoms include fever, malaise,

shortness of breath, cough, and sometimes, bloody
sputum. Nausea, vomiting, and abdominal pain are
also common. There are usually no buboes (painful,
swollen regional lymph nodes), the characteristic sign
of bubonic plague.

* The chest radiograph typically shows a bilateral, lobar
pneumonia.

DIAGNOSIS AND DIFFERENTIAL

* There are no widely accessible, rapid diagnostic tests
for plague. Culture of Y. pestis from the blood, CSF, or
other clinical specimen confirms the diagnosis. Gram-
negative bacilli or coccobacilli, sometimes with “safety
pin” bipolar staining, are characteristic.

A positive fluorescent antibody test for Y. pestis in
direct smears or cultures of sputum, CSF, or blood is
presumptive evidence; this is available through some
state health departments and the Centers for Disease
Control.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* As disease progression is rapid, antibiotic treatment
should be initiated early if the disease is suspected.
Streptomycin or gentamicin are the antibiotics used.
Among hospitalized patients, isolation procedures to
prevent disease spread via respiratory droplets or
aerosols are used.

* Among asymptomatic household or hospital contacts,
those who were within 6 ft of an infected person, pro-
phylaxis with doxycycline (7-day course) is recom-
mended. Contacts who develop fever or other
symptoms should be evaluated, isolated, and treated
with intravenous antibiotics until the diagnosis is con-
firmed or refuted.

TULAREMIA

EPIDEMIOLOGY

* Sources of the organism include small mammals (wild
and domestic), blood sucking arthropods that bite
these animals (ticks, deerflies, mosquitoes), and water
and soil contaminated by infected animals. Research
on this organism as a potential bioweapon has
occurred in the past in the United States, the Soviet
Union, Japan, and other countries.

* Person-to-person transmission has not been observed.

CLINICAL FEATURES

* The incubation period is usually 3-5 days, with a
range of 1-21 days. Symptoms include chills, nausea,
headache, and fever. There are several tularemic
syndromes: the most common is the ulceroglandular
syndrome, which is characterized by a painful
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macular lesion at the site of organism entry, and
inflamed regional lymph nodes. If infection is
acquired through inhalation of contaminated particles,
pneumonic disease may develop.

* Symptoms may persist for weeks to months.

DIAGNOSIS AND DIFFERENTIAL

* Serologic testing is the most common method to
establish the diagnosis. A fourfold or greater change
in F tularensis agglutinin titer frequently is evident
after the second week of illness; this is considered
diagnostic. A single convalescent titer of 1:160 or
greater is consistent with prior infection. The indirect
fluorescent antibody test of ulcer exudates or aspirate
material is also a rapid and specific screening test.
Slide agglutination tests are less reliable and PCR
assays have limited availability.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

 Although tularemia progresses slowly, it can be fatal
without treatment. The antibiotics streptomycin or
gentamicin are used.

BOTULISM\

EPIDEMIOLOGY

* Clostridium botulinum is a spore-forming anaerobic
bacterium that makes botulinum toxin; the spores are
present in the soil worldwide. Botulism is classically
a food-borne disease seen when humans ingest pre-
formed toxin present in improperly canned foods.

* A bioterrorist release of botulinum toxin would likely
be aerosolized. The clinical syndrome resulting from
toxin inhalation is similar to food-borne botulism.

* Botulism is not transmitted person-to-person.

CLINICAL FEATURES

* The incubation period is estimated to be 12-96 hours.
Symptoms include diplopia, ptosis, difficulty swal-
lowing, and speech abnormalities. There may be loss
of head control, symmetric weakness, and respiratory
difficulties as the descending paralysis progresses.
Mechanical ventilation may be needed. Disease pro-
gression is rapid.

DIAGNOSIS AND DIFFERENTIAL

* A toxin neutralization bioassay in mice, available
through state health departments, is used to identify bot-
ulinum toxin in serum and stool. Enriched and selective
media are used to culture C. botulinum from stool.

e Other causes of weakness in the differential include
myasthenia gravis, transverse myelitis, poliomyelitis,
tick paralysis, and Guillan-Barré syndrome.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

» Supportive care, both respiratory and nutritional, is
essential for good outcomes. Botulinum antitoxin has
been demonstrated to be effective in infants. It should
be started as early in the illness as possible.

VIRAL HEMORRHAGIC FEVER

EPIDEMIOLOGY

e The best known, severe forms in this class of diseases
are Ebola and Marburg viruses, but it also occurs in
forms that are less severe, such as yellow fever and
dengue fever. These diseases are readily transmitted
through blood and body secretions. Airborne trans-
mission has been shown only in primates; these agents
are included as potential bioterrorist agents because of
their virulence.

CLINICAL FEATURES

* The usual incubation period is 5-10 days, but it can
range from 2-19 days. Muscle pain, headache, and
abrupt onset of fever is followed by nausea, abdominal
pain, chest pain, sore throat, cough, and rash. There is
bleeding from the skin, the nose, the mouth, or the gas-
trointestinal tract. The case fatality rate is high, an esti-
mated 30-90%, depending on the viral strain.

DIAGNOSIS AND DIFFERENTIAL

* Hemorrhagic fevers caused by arboviruses may be
clinically similar. Both Marburg and Ebola viruses are
classified as filoviruses. All specimens from patients
with suspected infections must be handled with
extreme caution to prevent accidental infection.
Identification of the virus is done only in designated
laboratories: viral antigens in tissues can be detected
by direct immunofluorescence analysis.

EMERGENCY DEPARTMENT CARE AND DISPOSITION

* Patients should be isolated with both contact and
droplet precautions. Treatment is supportive: fluids
and blood for shock and respiratory support as
needed. Antibody-containing serum and interferon
therapies have been tried in patients with these infec-
tions. There is no vaccine.
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NEONATAL CRITICAL CARE

Robin Steinhorn, Section Editor

19 NEONATAL RESUSCITATION

Marissa deUngria

SCOPE OF THE PROBLEM

* Five to ten percent of newborn infants will require
some degree of delivery room resuscitation to achieve
normal transition. One percent require intensive resus-
citation measures to survive. Birth asphyxia accounts
for ~19% of the 5 million neonatal deaths/year world-
wide; therefore >1 million neonatal deaths/year are
potentially preventable by adequate resuscitation.

* A delay in establishing effective cardiorespiratory
function may increase the risk of hypoxic-ischemic
cerebral injury, pulmonary hypertension, and systemic
organ dysfunction.

BASIC PRINCIPLES
FETAL LIFE

* Fetal lungs are fluid filled with volumes that are at
functional residual capacity (FRC) or 20-25 cc/kg.
Fetal lung fluid is expelled by fetal breathing and con-
tributes to amniotic fluid. The placenta is the organ of
gas exchange, nutrition, metabolism, and excretion.

* Fetoplacental circulation is characterized by a high-
resistance pulmonary circuit and low-resistance sys-
temic circuit. Fetal blood is relatively hypoxemic,
with an arterial PaO, of 20-30 mmHg and oxyhemo-
globin saturations of 75-85%.

* The fetus has compensatory mechanisms for adequate
tissue oxygenation and growth that include decreased

oxygen consumption, increased red cell mass, and
increased affinity of fetal hemoglobin for oxygen.

NORMAL TRANSITION: ADAPTATION FROM
INTRAUTERINE TO EXTRAUTERINE LIFE

* The fetus experiences increased oxygen consumption
during labor as well as brief periods of asphyxia with
contractions because of interruption of umbilical
venous blood flow. Compensatory mechanisms to
compensate for asphyxia include those described
above, as well as greater tissue resistance to acidosis
compared to an adult, bradycardia and a “diving
reflex” that allows blood to flow preferentially to
brain, heart and adrenal glands, and the capability of
switching to anaerobic glycolysis (if liver glycogen
stores adequate).

Catecholamine surges during delivery, with levels
higher when mothers have labored and in girls com-
pared to boys. Catecholamine levels are lower in
preterm infants compared to term infants. Effects
include an increase in lung fluid resorption, surfactant
release, stimulation of gluconeogenesis, and direction
of blood flow to vital organs such as the heart and
brain.

Clamping of the umbilical cord removes the low-
resistance placental circuit and increases systemic
blood pressure. Postnatal circulation is characterized
by a low-resistance pulmonary circuit, and high-
resistance systemic circuit, as well as a transition from
placental gas exchange to pulmonary gas exchange.
An increase in negative intrathoracic pressure produces
lung expansion; air replaces fetal lung fluid and
increases alveolar oxygenation. Because of the viscosity
and surface tension forces of lung fluid, large transpul-
monary pressures are needed for the first few breaths.
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* Pulmonary blood increases because of lung expan-
sion and oxygen-mediated relaxation of pulmonary
arterioles. The patent foramen ovale (PFO) and patent
ductus arteriosus (PDA) functionally close, and blood
previously diverted through ductus arteriosus now
flows through the lungs.

DISRUPTED TRANSITION

* Babies may encounter difficulties before, during, or

after labor that compromise the transition.

1. Compromised blood flow in the placenta or umbil-
ical cord may cause decelerations of the fetal heart
rate, and may produce hypoxia and ischemia in the
fetus.

2. Insufficient respiratory effort or abnormal lung ion
transport because of prematurity, maternal drugs,
or anesthesia may lead to incomplete reabsorption
of fetal lung fluid, thereby preventing adequate
alveolar oxygenation.

3. Foreign material such as meconium or blood may
obstruct the airway thereby preventing adequate
lung inflation.

4. Excessive blood loss or hypoxia-induced cardiac
dysfunction or bradycardia may produce systemic
hypotension.

5. Lack of adequate lung inflation and/or oxygena-
tion may lead to sustained constriction of pul-
monary arterioles, which may result in persistent
pulmonary hypertension (PPHN).

Clinical signs of disrupted transition include cyanosis,

bradycardia, hypotension, and decreased peripheral

perfusion, depressed respiratory drive, and poor
muscle tone.

Asphyxia is defined as a failure of gas exchange lead-

ing to a combination of hypoxemia, hypercapnia, and

metabolic acidemia. Causes include interruption of
umbilical blood flow (cord compression), failure of
gas exchange across placenta (placental abruption),
inadequate perfusion of maternal side of placenta

(maternal hypotension), a compromised fetus intoler-

ant to transient, intermittent hypoxia of normal labor

(IUGR), or a failure to inflate lungs (RDS).

* A progressive cycle of worsening hypoxemia, hyper-
capnia, and metabolic acidemia results if adequate
ventilation and pulmonary perfusion are not rapidly
established. Initially blood flow is preserved to the
brain and heart, and blood flow to the intestines, kid-
neys, muscles, and skin is sacrificed. Ultimately ongo-
ing ischemia, hypoxia, and acidosis lead to myocardial
dysfunction and impaired cardiac output. Inadequate
blood flow, perfusion, and tissue oxygenation result in
brain injury, multiorgan injury, and even death.

OPTIMIZING DELVERY ROOM (DR) RESUSCITATION

* High-risk infants should be identified early. The
resuscitation team should be rapidly activated, and
each team member should understand the physiologic
mechanisms of adaptation. Data collection and fre-
quent review of resuscitative events are essential.

* Resuscitation equipment should be readily available
in the delivery room for every birth, and should be
checked at regular intervals and immediately prior to
delivery. Expiration dates of medications should be
monitored periodically.

* Well-trained personnel must be immediately available
in any setting where an infant is likely to be delivered.
Every birth should be attended by at least one person
whose primary responsibility is the infant and therefore
can initiate resuscitation if unanticipated problems can
occur. A multiple gestation delivery requires separate
personnel for each infant. Personnel must maintain their
resuscitative skills and familiarize themselves with new
guidelines as outlined by American Academy of
Pediatrics (AAP)/American Heart Association (AHA).

* Communication between obstetricians and pediatricians
helps identify high-risk deliveries. If a high-risk delivery
is expected, prenatal consultation is ideal. Significant
maternal medical history, gestational age, prenatal com-
plications, medications, illicit drug use, and prenatal labs
should be recorded. Sepsis risk factors including Group
B streptococcus (GBBS) carrier status, rupture of mem-
branes, maternal fever, evidence of chorioamnionitis,
and use of intrapartum antibiotics should be assessed.

APGAR SCORE

» The Apgar score signifies the overall status of the
neonate at birth and response to resuscitation. It does not
determine the need for resuscitation or long-term out-
come. Scores are assigned at 1 and 5 minutes after birth.
If the score remains <7, additional scores are recorded
every 5 minutes up to 20 minutes (Table 19-1).

STEPS OF RESUSCITATION

* Prevent cold stress and minimize heat loss through
use of a preheated radiant warmer, prewarmed blan-
kets, and hat. The newborn head is proportionately
larger than the body and therefore can be a major
source of heat loss. The goal is a neutral thermal envi-
ronment with maintenance of normal core tempera-
ture with minimal oxygen consumption. The infant
should be dried and wet blankets removed to reduce
evaporative heat loss (Fig. 19-1).
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TABLE 19-1 Apgar Scoring

SCORE
SIGN 0 1 2
Heart rate Absent Slow (<100 bpm)* 2100 bpm
Respirations Absent Slow, irregular Good, crying
Muscle tone Limp Some flexion Active motion

Reflex irritability (catheter in

nares, tactile stimulation)
Color

No response

Blue or pale

Grimace

Pink body, blue extremities

Cough, sneeze, cry

Completely pink

* bpm indicates beats per minute.

Approximate time

30 sec

30 sec

30 sec

Birth

¢ Clear of meconium?

Breathing or crying?
Good muscle tone?

Yes

Routine care

_ | « Provide warmth

7| ® Clear airway

.

» Color pink?
» Term gestation?

* Dry

No \

]

« Provide warmth

* Position, clear airway*
(as necessary)

¢ Dry, stimulate, reposition

* Give O; (as necessary)

\

/

T )
» Evaluate respirations, B s i
—-—>‘ upportive care
heart rate, and color HR >100 pp

roathing

Apnea ¥

'O’

and pink

HR <100

» Provide positive- Vi -
——>( Ongoing care
HR >100

pressure ventilation*

entilating

HR <60

A

i

and pink

HR >60

» Provide positive-pressure ventilation*
* Administer chest compressions

HR <60

¢ Administer
epinephrine*

be considered at several steps

['Endotracheal intubation may ]

FIG. 19-1 Algorithm for resuscitation of the newly born infant.
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* Position head and suction to clear the airway with
bulb syringe or suction catheter. Suction the mouth
first as suctioning nose may lead to gagging and aspi-
ration of oral secretions. Vigorous suctioning of pos-
terior pharynx may produce laryngeal spasm and a
vagal response with apnea and/or bradycardia,
thereby delaying the onset of spontaneous breathing.
Tactile stimulation can be accomplished through
gentle rubbing of back or flicking of heels.
Evaluate respirations, heart rate, and color. The above
steps should take <30 seconds, and if there is no
improvement after 30 seconds, move on to next step.
Reassess parameters after every intervention.
Provide oxygen as needed via facemask and flow-
inflating bag, oxygen mask, or hand cupped around
tubing at flow of 5 L/minute. Initially hold as close to
face as possible and slowly withdraw as infant
responds.
Positive-pressure ventilation (PPV).
Chest compressions with continued assisted ventila-
tion.
* Medications are used in the care of only 0.12% of
live-born babies as adequate ventilation and lung
expansion are the mainstay of resuscitation.

PPV/INTUBATION

* Four percent of newborns require bag-mask ventila-
tion with supplemental oxygen. Indications include
insufficient respiratory pattern manifested by gasping
and/or apnea, HR <60 bpm for 30 seconds, or persis-
tent central cyanosis despite administration of 100%
oxygen.

* Immediate intubation is generally not necessary as
bag-mask provides effective ventilation. Important
exceptions are in infants with perinatal depression and
meconium-stained amniotic fluid, and congenital
diaphragmatic hernia (CDH).

* Clear the airway before starting PPV. Place the head

in the neutral or “sniffing” position as this aligns the

posterior pharynx, larynx, and the trachea, and
ensures that the airway is maximally patent. The
airway is smaller and located more anteriorly com-
pared to older children and adults. The newborn head
is proportionately larger than the body, therefore neck
has tendency to be flexed. Both underextension (flex-
ion) and hyperextension can obstruct flow through the
airway as well as obstruct visualization of vocal cords.

A blanket roll beneath shoulders may be helpful.

Two types of bags are typically used—should not be

>750 mL.

1. A self-inflating bag (Ambu) may be easier for

novice or less experienced resuscitators to use.

Significant mixing with room air occurs if an
oxygen reservoir is not in place, thereby limiting
maximal oxygen delivery to 40%. The valve
assembly allows free flow of oxygen only when
the bag is compressed or squeezed and therefore
cannot be used for blow-by oxygen delivery.

2. A flow-inflating or “anesthesia” bag requires more
experienced resuscitators as it requires continual
flow for inflation. It is susceptible to mechanical fail-
ure as multiple adjustments need to be considered,
including flow of gas into gas inlet, flow of gas out
through the flow-control valve, and the seal between
mask and infant’s face. This bag can deliver higher
pressures, which may lead to air leak syndromes
(pneumomediastinum, pneumothorax, pneumoperi-
cardium); however, in experienced hands they pro-
vide a greater range of peak inspiratory pressures and
more reliable control of oxygen concentration (of
particular concern in preterm infants).

* A tight seal between mask and face is crucial. The
mask should be of appropriate size to cover the nose
and mouth but not the eyes. Masks with air-filled
cushions help maintain a tight seal without inflicting
facial or ocular injury. Hold the infant’s chin to the
mask with the middle finger; do not have fingers on
soft tissues of the neck. Supporting the chin also ele-
vates the angle of the jaw, bringing the tongue for-
ward, and opening the airway.

* The first breath must be large enough to ensure alve-
olar expansion and establishment of functional resid-
ual capacity, therefore initial breaths may require
higher pressures (25-40 cm H,0) and longer inflation
times. The need for higher initial pressures may be
accentuated in preterm infants with noncompliant
lungs because of surfactant deficiency. The effective-
ness is judged by chest movement, which should
approximate .25 to .5 cm. Succeeding breaths need
not be as large as FRC is already present.
Overdistension and hyperventilation should be
avoided: overdistension may impair venous return to
heart or lead to pneumothorax and hypocarbia
decreases cerebral and myocardial blood flow.

* Continue with a ventilation rate of 30-60 bpm. Often
this is the only resuscitation maneuver that will be
required, as apnea and bradycardia improve with cor-
rection of inadequate lung inflation and hypoxia.

* Evaluate adequacy of bag-mask ventilation by chest
rise, audible equal breath sounds, and improvement in
HR and color. If response is not adequate, endotra-
cheal intubation is required.

» Use appropriate sized laryngoscope blade—size 0 for
preterms, size 1 for term infants. If a stylette is used,
ensure the tip is at least 0.5 cm from the end of the
endotracheal tube (ETT) to avoid trauma. Appropriate
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ETT sizes and lengths are based on gestational age
and weight.

* Intubation procedure: Place laryngoscope blade into
vallecula or onto epiglottis and elevate blade superi-
orly until the vocal cords come into view. Cricoid
pressure may be helpful as the airway is anteriorly
located in an infant.

* Proper placement of ETT: In general ETT insertion
distance in cm = 6 + infant’s weight in kg. Note there
is a black line on distal tip of ETT. Insertion of ETT
until the black line just passes through vocal cords
should position ETT above the carina.

* Placement is initially judged clinically by assess-
ment of adequacy of ventilation. Breath sounds should
not be audible over the stomach and stomach should
not inflate; however, this can be difficult to assess in
preterm infants and if the infant has previously
received bag-mask ventilation. Condensation within
ETT should be noted on exhalation. A CO, detector
may be helpful; while false-negative results may
occur, false-positive results are very unlikely. If there
is any question about whether an ETT is placed appro-
priately, direct laryngoscopic visualization should be
performed. Final confirmation of tube position is via
chest radiograph with ETT located between the clavi-
cles and carina.

CHEST COMPRESSIONS /EXTERNAL
CARDIAC MASSAGE

* Bradycardia and decreasing blood pressure ensue
after a few minutes of hypoxia. The indication for
beginning chest compressions is if heart rate is absent
or remains <60 bpm after 30 seconds of effective ven-
tilation. Heart rate is assessed by auscultation with
stethoscope over precordium or by feeling pulsations
at base of umbilical cord.

* Two thumb-encircling hands technique is preferred to
the two-finger method. This results in better peak sys-
tolic and coronary perfusion pressure, although care
must be taken to avoid limiting thoracic expansion
during ventilation (Fig. 19-2).

* Compressions are performed on the lower one-third of
sternum immediately above xiphoid process. Depth is
one-third of the chest anteroposterior diameter or
deep enough to generate a palpable pulse. The rate
should be 90 compressions and 30 ventilations per
minute (ratio of 3 compressions: 1 ventilation).

VASCULAR ACCESS

* Peripheral access can be time-consuming and diffi-
cult, especially if hypoxia or acidosis is present.

FIG. 19-2 Two techniques for giving chest compressions:
thumb (A) and two-finger (B).

Emergency access is via the umbilical vein as it is rap-
idly accessible. The depth of insertion is ~4—-6 cm;
blood should flow freely on aspiration assuring that
position of catheter is below the liver thereby avoiding
potential hepatic injury.

MEDICATIONS

» Epinephrine: Alpha vasoconstrictive activity is
responsible for returning spontaneous circulation. It is
indicated when heart rate remains <60 bpm after 30
seconds of effective ventilation and external cardiac
massage. Dose is 0.1-0.3 mL/kg of 1:10,000 dilution
solution IV (preferred) or intratracheal; can be
repeated every 3—5 minutes.

* Sodium bicarbonate: Should only be given after ade-
quate ventilation and circulation are established. In
the absence of adequate ventilation, blood pH does
not significantly improve and respiratory acidosis
compounds the metabolic acidosis as bicarbonate is
converted to CO,; however, if ventilation is estab-
lished, correction of acidosis may increase pulmonary
blood flow and may enhance the effect of epinephrine.
The dose is 1-2 meq/kg IV, and should always be
diluted 1:1 with sterile water and given slowly over at
least 2 minutes. Rapid infusions may be associated
with intracranial hemorrhage especially in preterm
infants. Administration can unmask hypovolemia
which may be inapparent because of peripheral vaso-
constriction.
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* Narcan is a narcotic antagonist that should be consid-
ered only after ventilation and circulation are estab-
lished. Significant respiratory depression as a
consequence of peripartum administration of nar-
cotics is rare. Narcan is not effective in reversing the
effects of other drugs administered to mothers that
may depress respiratory function, such as magnesium
sulfate, nonnarcotic analgesics. Indications are severe
respiratory depression that persists despite normal HR
and color following PPV and a history of maternal
narcotic administration within the past 4 hours.
Narcan is contraindicated in the narcotic-addicted
mother or one on methadone maintenance; as it may
precipitate acute withdrawal including severe seizures
and long-term sequelae. Narcan has a rapid onset of
action within 1-2 minutes. The duration of action of
narcotics used for labor analgesia is greater than that
of narcan; therefore repeated doses of narcan may be
necessary. The dose is 0.1 mg/kg IT, SQ, IM, IV.

* Volume expansion is considered in conditions associ-
ated with hypovolemia or shock clinically manifested
by weak pulses, poor capillary filling, and low blood
pressure. Clinical reasons that would produce hypo-
volemia include significant hemorrhage because of
placenta previa, placental abruption, or fetomaternal
bleed. In addition, cord accidents, tight nuchal cord,
or compression by the after-coming head in a breech
delivery may impede umbilical venous flow while
arterial flow continues, thereby decreasing circulating
volume by as much as 20%. Other etiologies for
hypovolemia include twin-twin transfusion syndrome
and internal hemorrhage. Small aliquots of 10 cc/kg
are given with reassessment of BP, perfusion, and
oxygenation prior to the next dose. Typical choices
are normal saline, Ringer’s lactate, 5% albumin, or
type O-negative packed red blood cells (PRBCs).
Volume should be administered slowly as some vas-
cular beds (especially brain) may be maximally
dilated in response to hypotension. Intracranial hem-
orrhage is a possible consequence of rapid volume
expansion, especially in preterm infants.

PITFALLS OF RESUSCITATION —CAN OCCUR
AT EACH STEP OR AT MULTIPLE STEPS

* Failure to distinguish secondary apnea from primary
apnea: The initial response to hypoxia is increased
respiratory effort (primary hyperpnea) followed by
primary apnea, which lasts ~1 minute and can be
relieved by tactile stimulation. Rhythmic gasping
ensues and may last several minutes. This is followed
by secondary or terminal apnea, which can only be
reversed by assisted ventilation. Continued stimula-

tion does not help. Since primary and secondary
apnea look the same, consider any apnea as secondary
until proven otherwise.

* Vigorous suctioning of posterior pharynx may delay
onset of spontaneous breaths.

* Malpositioning of head so that it is not in neutral
position.

* Mechanical failures, e.g., oxygen reservoir not in place
if Ambu bag used or insufficient oxygen flow. Others
include incomplete seal with mask.

* Obstruction of airway.

* Ineffective ventilation pressures will lead to failure to
inflate lungs and establish FRC.

* Malposition of ETT in esophagus or in right main-
stem bronchus is common. Remember to visualize
directly with laryngoscope if ventilation is not effec-
tive.

* Pneumothorax can be identified through asymmetric
breath sounds and/or asymmetry of chest wall and
movement. If under tension, venous return and car-
diac output are compromised, and a cardiac arrest
may occur. Transillumination is helpful (especially in
preterm infants). Chest x-ray is diagnostic; in life-
threatening cases, diagnostic thoracentesis should be
considered.

SPECIAL CONSIDERATIONS

* Meconium-stained amniotic fluid (MSAF) occurs in
10-15% of all pregnancies, and occurs as a reaction to
fetal hypoxemia, acidemia, or stress. Approximately;
20-30% of infants will require tracheal suctioning.
MSAF is rare before 34 weeks gestation and more
common in postterm gestations. Two percent of
infants manifest some degree of aspiration, ranging
from mild tachypnea to severe pneumonitis and pul-
monary hypertension. Pulmonary disease is more
likely if MSAF occurs before second stage of labor, if
the meconium is thick with particulate material,
and/or if meconium is present below the vocal cords.
Management includes the following:

1. Obstetrical suctioning of oropharynx after delivery
of head but before delivery of shoulders.

2. If infant is vigorous and meconium is thin, tra-
cheal suctioning is not necessary. In this setting,
suctioning does not reduce incidence of meco-
nium aspiration syndrome or improve outcome,
and may instead result in esophageal or tracheal
injury.

3. If meconium is thick or particulate or if infant is
depressed, intubation should occur prior to any
stimulation or PPV. The ETT should be large
enough to remove thick copious meconium, yet fit
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easily into infant’s trachea. A meconium aspirator
should be placed directly onto the ETT, and con-
nected to suction at 80—-100 cm water pressure and
the ETT should be withdrawn slowly. Repeat intu-
bation and tracheal suctioning with a clean ETT is
performed until the return is clear (have several
ETTs prepared) unless other resuscitation priori-
ties take precedence.

4. Suction stomach to prevent aspiration of swal-
lowed meconium.

5. Have high index of suspicion for development of
pneumothorax.

* Multiple gestation is associated with an increased
incidence of preterm labor and delivery and separate
teams of skilled personnel are needed for each infant.
There is a risk of intrauterine growth restriction in one
fetus with possible complications in both, including
higher sensitivity to asphyxia, hypoglycemia, and
polycythemia. There is a risk of twin-to-twin-transfu-
sion syndrome in monozygotic twins with the poten-
tial for hydrops in either twin. There is also an
increased incidence of congenital anomalies in
monozygotic multiple births.

* Infants with extreme prematurity (<1000 g) should be
delivered in a perinatal center with skilled personnel
in obstetrics, anesthesia, and neonatology. A confer-
ence with the parents should occur prior to delivery
whenever possible. The incidence of perinatal depres-
sion is markedly increased in this population because
of physiologic immaturity and lability.

1. Multiple factors dramatically increase insensible
water loss; therefore drying and providing warmth
are very important. In the smallest infants, use of
polyethylene wrap, warming mattresses, and warm
humidified oxygen and air is helpful.

2. Small infants have weaker muscles of respiration,
and are less likely to establish and sustain FRC.
This may be further complicated by decreased
lung compliance because of surfactant deficiency.
Endotracheal intubation is often required, and
substantial inspiratory pressure may be needed
initially. Surfactant administration in the delivery
room is often required. Pitfalls include overventi-
lation, which may impair cardiac output, result in
interstitial emphysema or air leak syndromes, and
produce hypocarbia and alter cerebral blood flow.

3. There is a high risk of intracranial hemorrhage in
this population that may be exacerbated by
increased transmitted pressure via PPV, large tidal
volumes, and/or chest compressions. Rapid
changes in cardiac output also contribute, and may
be aggravated by rapid volume administration,
hypertension associated with epinephrine, or rapid
infusion of NaHCO,.

4. Avoid excessive oxygen concentrations given the
possible association of reactive oxygen species
with ROP and chronic lung disease.

» Congenital diaphragmatic hernia (CDH) occurs in
1 in 2000-5000 live births (see Respiratory Disease
section). Prenatal diagnosis is possible, although not
all infants are detected on antenatal ultrasound screen-
ing. Signs in the delivery room include a flat or
scaphoid abdomen and displaced heart sounds to the
right (most defects are on the left). Some infants have
poor myocardial function requiring inotropic support.
Infants with respiratory distress caused by CDH
require immediate intubation; bag-mask ventilation is
contraindicated as air will expand the herniated bowel
and exacerbate lung compression. A gastric tube
should be immediately placed to low continuous suc-
tion to maintain decompression of herniated bowel
and maximize lung inflation. A high index of suspi-
cion should be maintained for the development of a
pneumothorax.

* Hydrops fetalis may also be detected on prenatal
ultrasound; if possible establish the presence and size
of pleural effusions and peritoneal fluid. These fluid
collections may hinder ventilation, therefore addi-
tional skilled personnel are needed to perform thora-
centesis and/or paracentesis. High initial inflating
pressures and positive end expiratory pressure (PEEP)
are usually required because of noncompliant lungs,
and pulmonary hypertension is common.

* Abdominal wall defects (gastroschisis and omphalo-
coele) are associated with increased insensible water
and heat loss because of the absence of skin covering
the intestines. In gastroschisis, the freely mobile intes-
tines may cause traction on, or kink, mesenteric ves-
sels and lead to infarction. Delivery room management
includes immediate decompression of the gastroin-
testinal (GI) tract. Loosely wrap warm salinesoaked
gauze around the defect or free intestines, and cover
the gauze with plastic wrap or place infant in sterile
plastic bag to a level above defect.
Infants with spina bifida should be positioned care-
fully so the infant is prone or side-lying. There is
increased insensible water and heat loss because of
skin defects; therefore wrap warm saline-soaked
gauze around defect and place the infant in a sterile
plastic bag to a level above the defect.

Infants with severe malformations should receive

normal resuscitation measures unless certainty exists

that the malformations are associated with conditions
incompatible with life. This will typically only occur
when the malformations are known prenatally and the
family requests no resuscitation be performed.

Otherwise, resuscitation and stabilization of infant

allows time for accurate diagnosis.
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OUTCOMES

* Indicators of poor outcome both in terms of survival
and subsequent neurodevelopment include the follow-
ing:

Apgar scores at 5 and 10 minutes of <3.

pH <7.0 in the first 2 hours of life.

Absence of heart beat at 5 minutes of life.

Seizures in the first 24 hours of life; presence of

seizures in the first 12 hours is particularly omi-

nous.

» Resuscitation should rarely be continued longer than
15-20 minutes in an infant with initial Apgar of 0 and
who does not respond rapidly to resuscitation. The
incidence of death or severe, irreversible neurologic
damage in these infants is very high.

Ll

CONTROVERSIAL ISSUES

* A laryngeal mask airway (LMA) may be an effective
alternative for establishing an airway, especially if
bag-mask ventilation is ineffective and attempts at tra-
cheal intubation are unsuccessful. This mask fits over
laryngeal inlet, and further training is needed to learn
proper insertion technique and use. The LMA cannot
be used for tracheal suctioning of meconium or
administration of resuscitative medications.

* Room air resuscitation: New data indicate that 100%
oxygen is associated with a delay in spontaneous
ventilation, generation of oxygen free radicals, poten-
tial exacerbation of neurologic injury, and the effi-
cacy of resuscitation with room air is being studied.
The current standard remains 100% oxygen. As the
goal is normoxia and not hyperoxia, monitor oxygen
use by pulse oximetry and blood gases and adjust
accordingly after completing initial resuscitation
measures.

* High dose epinephrine via ETT: In general, intratra-
cheal epinephrine is less effective than IV administra-
tion. Compensating by using higher ETT doses may
exaggerate the hypertensive effect, lower cardiac
output, and increase risk of intracranial hemorrhage.

* Resuscitation at the threshold of viability: Antenatal
counseling is very important as well as maintaining an
ongoing dialogue with the family. Assessment of ges-
tational age before and after delivery is accurate
within 1-2 weeks. If there is any question of gesta-
tional age or prognosis, it is reasonable to provide
aggressive resuscitative support as this allows for fur-
ther assessment of the infant. The infant’s response to
therapy is an important factor, and if response to
resuscitation is poor or if significant complications
develop, withdrawal of support may be offered.
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20 BIRTH INJURY

Marissa deUngria

SKULL INJURIES

* Linear skull fractures are relatively common and occur
most commonly in the parietal bone. The pathogenesis
is direct compression during delivery. These may be
associated with extracranial or intracranial complica-
tions, although serious intracranial complications are
not common. They are rarely associated with a dural
tear and subsequent development of leptomeningeal
cyst, which may be detected by increased transillumina-
tion. No therapy is indicated. Skull x-rays several months
later may be helpful to document healing and to ensure
a leptomeningeal cyst is not developing or enlarging.

* Depressed skull fractures are defined as inward buck-
ling of resilient neonatal bone usually without loss of
bony continuity. These are usually a result of localized
compression of the skull either by pressure against
maternal pelvic structures or by forceps, but may
rarely occur spontaneously in utero. The most
common site is the parietal bone. They can be rarely
associated with epidural or subdural hemorrhage
(SDH) or cerebral contusion. Management includes
computed tomography (CT) scan to exclude intracra-
nial complications and careful neurologic surveil-
lance. Neurosurgical evaluation is indicated.

* Occipital osteodiastasis is a form of birth injury char-
acterized by separation of squamous and lateral parts
of occipital bone. Seen most commonly after breech
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FIG. 20-1 Sites of extracranial (and extradural) hemorrhages in the newborn. Schematic diagram
of important tissue planes from skin to dura. (Adapted from Pape KE, Wigglesworth JS.
Haemorrhage, Ischaemia and the Perinatal Brain. Philadelphia, PA: JB Lippincott.)

delivery, it has become rare because of improved
obstetrical techniques. Complications include sub-
dural hemorrhage in the posterior fossa, cerebellar
contusion, and cerebellar-medullary compression
without gross hemorrhage.

EXTRACRANIAL HEMORRHAGE

* Caput succedaneum is subcutaneous hemorrhagic
edema commonly seen after vaginal delivery. The
most common pathogenesis is compression by the
uterus or cervix on the presenting part. It occurs in
20—40% of vacuum-assisted deliveries. It is character-
ized by soft, superficial, pitting edema that crosses
suture lines, and is usually accompanied by marked
molding of the head. It spontaneously resolves over
weeks to months (Fig. 20-1).

» Subgaleal hemorrhage is rare, with an estimated
occurrence of 1 in 2500 deliveries. Predisposing
factors include vacuum-assisted deliveries, coagu-
lopathies (e.g., factor IX deficiency), prematurity,
rapid delivery, and macrosomia. The pathogenesis is
external compressive and dragging forces. This hem-
orrhage can produce massive blood loss because of the
large potential space. In severe cases, blood may col-
lect beneath entire scalp, and dissect into subcutaneous
tissues of neck. It may be associated with suture dias-
tasis or a linear skull fracture. On examination, there is
fluctuant mass that increases in size after birth with a
corresponding increase in head circumference. This
hemorrhage may be complicated by significant early

hypovolemia, followed by anemia and hyperbiliru-
binemia. It subsequently resolves over 2—-3 weeks.

* A cephalohematoma is a hemorrhage between the cra-
nial bones and their surrounding periosteum, and is
thereby limited by suture lines. It occurs in 1-2% of
live births, and its incidence is more common in males,
primiparous mothers, and forceps or vacuum-assisted
delivery. It is most commonly seen unilaterally over
the parietal bone, although an occipital location is pos-
sible. It presents as a firm, tense mass that does not
transilluminate, and often increases in size after birth.
An underlying linear skull fracture is detected in
10-25% of infants. A cephalohematoma is rarely clin-
ically significant unless accompanied by an intracra-
nial hemorrhage, and it resolves over weeks to months.
Rare infectious complications are osteomyelitis and
meningitis. A few calcify with initial bony protuber-
ances, but remodel with skull growth over months. No
specific therapy is indicated; evacuation of lesion is
contraindicated.

INTRACRANIAL HEMORRHAGE

* Clinical signs and symptoms include a bulging ante-
rior fontanelle and circulatory instability because of
effects on autonomic nervous system.

*» Epidural hemorrhage is rare, representing only 2% of
all neonatal intracranial hemorrhages seen at autopsy.
It is often associated with a cephalohematoma, and
almost always associated with linear skull fractures.
Clinically the infant displays signs of increased
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intracranial pressure, with a bulging anterior
fontanelle, seizures, and in severe cases signs of her-
niation may occur with a fixed, dilated, ipsilateral
pupil. An emergent head CT will reveal a convex,
lentiform lesion. Death can occur within 2448 hours,
therefore neurosurgical evacuation is imperative.

* Subdural hemorrhage (SDH) is an uncommon but seri-
ous delivery complication, and is caused by tears of
major cerebral veins or dural sinuses. A tentorial lacer-
ation with massive infratentorial hemorrhage may
occur in the straight sinus, transverse sinus, vein of
Galen, or smaller infratentorial veins. In this setting, the
hemorrhage may rapidly enlarge and produce lethal
compression of the brainstem. A subdural hemorrhage
may also occur over the cerebral convexities as a result
of rupture of bridging, superficial cerebral veins.

* Predisposing factors include a relatively large infant
and relatively small birth canal, unusual deforming
stresses such as face or brow presentation, or a history
of a difficult forceps or vacuum-assisted delivery.

* While infants may be asymptomatic, recognition of the
clinical syndrome is important. There may be an initial
period (hours to days) with no neurologic signs, fol-
lowed by signs of increased intracranial pressure (full
fontanelle, irritability, lethargy), followed by symp-
toms of brainstem compression (apnea, bradycardia,
unequal pupils, and oculomotor abnormalities).

* An emergent CT scan is usually diagnostic, and an LP
should be avoided because of the possibility of herni-
ation.

* The prognosis depends on the severity of hemorrhage;
nearly all infants with lacerations of falx and tento-
rium present immediately after birth and die.

* Management includes rapid detection and prompt
neurosurgical evacuation for tentorial and falx lacera-
tions, occipital osteodiastasis, and posterior fossa sub-
dural hematomas. For convexity SDH, careful and
serial examinations are required. Surgical intervention
is only indicated if increased intracranial pressure or
neurologic deficits occur.

» Subarachnoid hemorrhage (SAH) is a relatively
common lesion, especially in preterm infants. It refers to
blood in the subarachnoid space, usually over the poste-
rior aspect of the cerebral convexities. Predisposing fac-
tors are similar to those described above for SDH. Three
clinical syndromes may be recognized:

1. Minimal or no symptoms associated with minor
degrees of hemorrhage—most common.

2. Seizures in an otherwise well infant, typically on
the second day of life in term infants.

3. Massive hemorrhage with catastrophic deteriora-
tion and rapidly fatal course—very rare.

* If suspected, a CT scan should be performed as ultra-
sound is relatively insensitive. The prognosis correlates

with the clinical syndrome, and at least 90% of infants
presenting with seizures are normal on follow-up.
Complications are rare, and most commonly are
hydrocephalus. No specific management is required,
unless hydrocephalus develops.

e Intraventricular hemorrhage (IVH) is a lesion seen
almost exclusively in premature infants (see
Prematurity section), but can occur in term infants.
Minor degrees of IVH may be an incidental finding in
asymptomatic term infants. In symptomatic infants, a
history of difficult delivery with forceps or vacuum
assistance is found in approximately one-third of cases;
however, ~25% have no definable risk factors. Similar
to preterm infants, the hemorrhage usually originates
in the choroid plexus or subependymal germinal
matrix. Clinical features include irritability, stupor,
apnea, seizures, fever, jitteriness, and signs of
increased intracranial pressure. Seizures occur in 65%
of infants and are focal or multifocal. Head ultrasound
or CT scan confirms the diagnosis. Initial management
is focused on avoiding cerebral hemodynamic distur-
bances by maintaining adequate arterial blood pres-
sure, avoiding rapid volume expansion and
hyperosmolar solutions, and maintaining stable gas
exchange without large fluctuations in pH, PaCO,, or
Pa0O,. Approximately 50% of infants will develop
hydrocephalus requiring placement of a ventricu-
loperitoneal shunt; and an additional 20% will develop
ventricular dilatation. Therefore serial head ultra-
sounds should be performed, and neurosurgical con-
sultation is needed. Complete recovery occurs in
~50% of infants within 2-3 weeks; the remainder
improve but may have neurologic abnormalities and
subsequent deficits, particularly if there is a history of
birth trauma or asphyxia.

* Intracerebellar hemorrhage is relatively common,
and observed in ~5-10% of autopsy cases. It is more
common in preterm infants with a pathogenesis simi-
lar to IVH; in term infants it is often related to trauma
during birth. The cerebellar vermis is the usual origin
of the hemorrhage. The onset of symptoms is variable,
and may occur within 24 hours (most common) or as
late as 2-3 weeks of age. Infants typically present
with signs of brainstem compression (apnea, respira-
tion irregularities, and bradycardia), and obstruction
to CSF flow (full fontanelle). More subtle signs such
as skew deviation of eyes, facial paresis, and intermit-
tent tonic extension of limbs are possible. An ultra-
sound or CT scan will confirm the diagnosis.
Management is primarily supportive, and surgical
intervention is rarely performed. The prognosis for
preterm infants is uniformly poor. The outcome in
term infants is more favorable but still guarded. All
have neurologic deficits, ~50% develop hydrocephalus
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requiring shunt placement, and almost all have ongo-
ing cerebellar disturbances including intention tremor,
truncal ataxia, and hypotonia. Cognitive deficits are
common: consistent but variable.

BIRTH ASPHYXIA

» See neonatal neurology section
e Use of terminology should be limited to describe
neonate with all of the following:
1. Profound metabolic or mixed acidemia (pH <7) on
umbilical cord artery blood sample.
2. Neonatal neurologic manifestations (e.g., seizures,
coma, hypotonia).
3. Multisystem organ dysfunction (e.g., CV, GI,
hematologic, pulmonary, renal).

SPINAL CORD INJURY

* These injuries may be responsible for a significant
percentage of neonatal deaths; the true incidence is
unknown, since the spinal cord is not usually exam-
ined at autopsy. Two primary sites of injury occur:
lower cervical and upper thoracic sites in breech
deliveries, and upper- to midcervical regions after
cephalic deliveries. The acute lesions are epidural
and intraspinal hemorrhages and edema. The patho-
genesis is excessive longitudinal or lateral traction of
spine (breech deliveries), or excessive torsion (vertex)
deliveries.

* Clinical features are characterized by three syndromes:
1. Stillbirth or rapid neonatal death with failure to

establish adequate respiratory function, especially
with lesions involving upper cervical cord or lower
brainstem or both.

2. Severe respiratory failure in first days of life lead-
ing to death.

3. Neurologic instability (spinal shock) including
weakness and hypotonia in the neonatal period.
Survivors develop hyperactive reflexes and spastic-
ity over time that is often confused with cerebral
palsy.

* Differential diagnosis includes occult spinal dys-
raphism, an intravertebral, extramedullary mass
(abscess or neuroblastoma), intramedullary lesion
(syringomyelia or hemangioblastoma), or a neuro-
muscular disorder (Werdnig-Hoffman disease).

» Useful studies include spine radiographs to rule out
other anomalies. A spinal ultrasound is the most useful
test in the acute period, and will help demonstrate cord
size and configuration, and can identify blood either
within the cord (hematomyelia) or in extramedullary

space. Other helpful studies may include magnetic res-
onance imaging (MRI) or CT myelography.
Prevention when there is a known factor such as
breech presentation is necessary as there is little spe-
cific therapy available once the injury has occurred.
Postnatal management is supportive, including venti-
lation, maintenance of body temperature, prevention
of UTlIs, and physical therapy to prevent contractures.
Exclusion of surgically remediable lesions is neces-
sary. Methylprednisolone is a promising development
for acute management of spinal injury in adults, but
its role in newborn disease is not clear.

BRACHIAL PLEXUS INJURY

* Brachial plexus injury is weakness or total paralysis

of muscles supplied by the nerves of the brachial

plexus. The incidence is between 0.5 and 2 per 1000

live births, and is higher in deliveries that require

assistance with forceps.

Predisposing factors include macrosomia, shoulder

dystocia, multiparity, prolonged second stage of labor

or augmented labor, breech or abnormal vertex pre-
sentation (occiput posterior or occiput transverse),
and fetal distress or depression.

The pathogenesis is stretching of the brachial plexus

via exertion of extreme lateral traction during deliv-

ery. This may produce hemorrhage and edema in the
nerve sheath or axon, or in the most severe form, avul-
sion of nerve root from cord.

e Other traumatic lesions are frequently observed,
including fractured clavicle (10%), fractured humerus
(10%), facial palsy (10-20%), and laryngeal nerve
involvement (2%).

* Two major types of injury are observed; both may
occur in the same patient.

1. Erb palsy involves the proximal upper extremity,
and makes up 90-95% of brachial plexus injuries as
the upper roots are most vulnerable. This injury is
usually unilateral, and most commonly on the right;
~50% involve only C5 and C6; C7 is affected in the
other 50%. The ipsilateral diaphragm is affected in
5-10% of infants, indicating involvement of C4 and
perhaps C3. Clinical features include absent or
decreased spontaneous movement of the extremity;
and the “waiter’s tip” position in which the shoul-
der is adducted and internally rotated, elbow
extended, forearm prone, and wrist and fingers
flexed. The palmar grasp reflex is preserved. Deep
tendon reflexes (DTRs), particularly the biceps
reflex, are decreased or absent.

2. Klumpke palsy involves the distal upper extremity
including the hand muscles, and occurs because of
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injury to the lower nerve roots or C8 and T1. A true
Klumpke palsy is rare; instead infants almost
always exhibit proximal extremity involvement
also. Clinical features include a flaccid hand, lack
of wrist movement or grasp reflex. Sympathetic
outflow from T1 is affected in one-third of infants,
producing Horner syndrome (ptosis, miosis, and
anhidrosis).

* The diagnosis is made clinically by a thorough neuro-

logic examination. Subsequent electromyography

(EMG) testing may help delineate injury and monitor

recovery. Diaphragmatic involvement may be deter-

mined by fluoroscopy or ultrasound. An MRI may be
helpful in determining whether there has been partial
or complete avulsion of nerve roots.

Treatment includes immobilization of the arm close to

body for 7-10 days to limit further injury. This is fol-

lowed by gentle passive range of motion exercises to
the shoulder, elbow, wrist, and small joints of hand.

Supportive wrist splints may help prevent flexion con-

tractures and stabilize fingers. Microsurgical nerve

repair is sometimes attempted if there is no apprecia-
ble functional recovery by 3 months.

* Prognosis relates to the severity of the lesion, but in
general 75-90% resolve without sequelae. Recovery
is more likely with Erb compared to Klumpke paraly-
sis, especially if Horner syndrome is present. Onset of
recovery within 2—4 weeks of injury is a favorable
prognostic sign, and impairment remaining after 15
months of age is likely to be permanent.

DIAPHRAGMATIC PARALYSIS

* Diaphragmatic paralysis is secondary to trauma to
cervical roots supplying the phrenic nerve, with a
pathogenesis similar to that for brachial plexus
injuries. While it may occur as an isolated finding,
80-90% are associated with brachial plexus injury.
Approximately 80% involve the right side and less
than 10% are bilateral. Phrenic nerve injury is more
common after breech than cephalic deliveries.

* The clinical course is variable. Initially, tachypnea
and cyanosis may be noted, with blood gases reveal-
ing hypercarbia, hypoxemia, and acidosis. This period
is often followed by stabilization or improvement as
supplemental oxygen and ventilatory support are pro-
vided. An elevated hemidiaphragm may not be seen
on x-ray during this period, especially if positive pres-
sure ventilation is used. In severe cases, over the subse-
quent days to weeks, there is respiratory deterioration
often associated with atelectasis or infection.

* The diagnosis should be suspected when an elevated
hemidiaphragm is noted on chest x-ray. Confirmation

is by ultrasound or fluoroscopy, which will show par-
adoxical movement with spontaneous respiration.

* Initial management is expectant, with a goal to stabi-
lize the infant and provide adequate support of venti-
lation until natural improvement of the neural injury
occurs. Surgical plication of diaphragm is generally
performed if no recovery is observed after 2 months
of expectant therapy. If there is bilateral paralysis, sur-
gery is recommended only for the more severely
involved hemidiaphragm if possible.

* The prognosis for unilateral paralysis is generally
good. The majority recover in the first 6—12 months of
life, although mortality rates as high as 10-15% have
been reported. Mortality is as high as 50% with bilat-
eral paralysis; long-term ventilatory support is typi-
cally required.

FACIAL PARALYSIS

* Facial weakness caused by injury to the facial nerve is
the most common neurologic manifestation of perina-
tal trauma, with incidence ranging from 1-6% of live
births. Seventy-five percent involve the left side.
Pathogenesis is compression of the facial nerve; this is
most commonly by the bony sacral promontory,
although forceps may be a source of pressure as well.
The site of lesion is at or near exit of facial nerve from
stylomastoid foramen where it divides into the two
major branches (temporofacial and cervicofacial).

* Clinical signs include unilateral weakness of both the
upper and lower facial muscles. Weakness is noted at
rest; when crying the infant is unable to wrinkle brow,
close eye firmly, or move corner of mouth or lower
face into effective grimace on the affected side.
Dribbling from the corner of mouth during feeding is
common.

* Management includes artificial tears and occasionally
taping of the eyelid to prevent corneal injury.

* Prognosis is excellent with complete recovery within
1-3 weeks in the great majority of infants.

LARYNGEAL NERVE PALSY

e Laryngeal nerve palsy is important to recognize
because it leads to disorders in breathing and swal-
lowing. It may be associated with brachial plexus or
diaphragmatic injuries, but may also be related to in
utero position before or during delivery where the
head is rotated slightly and flexed laterally. The
nearby hypoglossal nerve may be affected, resulting
in paralysis of the tongue.

* Diagnosis is via direct laryngoscopic examination,
which will reveal a paralyzed vocal cord.
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* Treatment is symptomatic. Severe lesions may require
prolonged gavage feeding or tracheostomy, and noisy
breathing and increased risk for aspiration may last >1
year.

* The prognosis is good, and affected infants usually
recover completely by 6—12 months of life.

RADIAL NERVE INJURY

* This injury is caused by compression of the nerve in
utero by a restricted fetal position, or during difficult
labor and delivery by forceps. The site of compression
can sometimes be identified by induration with under-
lying fat necrosis above the radial epicondyle of the
humerus. Less common causes include a humeral
fracture or septic arthritis at the shoulder.

* Clinical signs include weakness of extensors of
wrist, fingers and thumb, producing a characteristic
“wrist drop.” There is preservation of the grasp
reflex and function of intrinsic hand muscles, which
differentiates this from a lower brachial plexus
lesion.

* The prognosis is good, and recovery occurs in weeks
to months.

MISCELLANEOUS INJURIES

* Retinal hemorrhages are common, and occur in
19-50% of deliveries. They are more common after
vacuum-assisted deliveries. These resolve within sev-
eral weeks with little long-term morbidity.

* Intraabdominal hemorrhages may rarely occur
because of a ruptured spleen or hepatic subcapsular
hematoma. These hemorrhages should be suspected
when there are unexplained symptoms of blood loss or
hypovolemia, particularly if there is abdominal disten-
sion or discoloration. Emergent surgical evaluation
may be needed.
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21 PREMATURITY
Karen K.L. Mestan and Ruth B. Deddish

HISTORICAL CONSIDERATIONS

* Management of the premature infant has improved
dramatically over the past several years because of
advances in perinatal care. A greater understanding of
fetal and infant nutrition, pharmacology, and patho-
physiology combined with the development of
improved antenatal care, surfactant therapy, and
modern incubator and ventilator technologies have
resulted in significant decreases in premature infant
morbidity and mortality.

From 1965 to 1980, the infant mortality rate
decreased 47% in the United States, primarily because
of the increased survival of high-risk infants with low
birthweight (LBW).

Despite their increased survival rates, low birthweight
and very low birthweight (VLBW) infants still
account for the majority of neonatal deaths. The con-
tradictory decline in infant mortality without parallel
decline in low birthweight infants is because of the
increased survival (rather than prevention) of low
birthweight and premature infants.

With the above changes there has been a gradual
decrease in the accepted gestational age at which
the fetus can survive outside of the womb. Although
the exact “limits of viability” remain unclear and
vary among institutions, most fetuses born at 23
weeks or less are typically considered nonviable
because of the severe immaturity of multiple organ
systems.

DEFINITIONS

* According to the World Health Organization (WHO)
classification established in 1974, live-born infants
delivered before 37 weeks gestation from the first day
of the last menstrual period are termed premature. This
definition is based on the greater likelihood of condi-
tions associated with immaturity, such as hyaline



94 SECTION 3 « NEONATAL CRITICAL CARE

membrane disease (HMD) and intraventricular hem-
orrhage (IVH), in this group of infants. Although not
a formal classification, the term extreme prematurity
is often used to describe infants born at less than 27
weeks.

* LBW infants are defined by a birthweight of less than
or equal to 2500 g. VLBW infants weigh less than
1500 g at birth, and infants of extremely low birth-
weight (ELBW) are less than 1000 g at birth.

* The terms intrauterine growth retardation IUGR) and
small-for-gestational age (SGA), although related and
often used interchangeably, are not synonymous.
IUGR is a pathologic deviation from an expected fetal
growth pattern. SGA describes an infant whose weight
is lower than population norms or lower than a prede-
termined cutoff weight (<2 SD). The cause may be
pathologic, as in infants with [IUGR, or nonpathologic,
as in infants who are small but otherwise healthy.

* It is important to note that the health of a baby is not
only related to its birthweight classification but also to
its gestational age. The LBW classification includes
infants who are premature, preterm, and SGA or
IUGR, and term infants who are SGA or IUGR. For
example, an 1800 g infant born at term is very differ-
ent from an 1800 g infant born at 32 weeks.

INCIDENCE

* The majority of LBW infants are premature; however,
because of the significant overlap between preterm
infants and term infants who are SGA or IUGR, it is
often difficult to separate these two terms when dis-
cussing incidences of birth, disease, and mortality.

* During 1997, 7.5% of live-born infants in the United
States were LBW. Since the early 1980s, the LBW
rate has increased primarily because of an increased
number of preterm births. Approximately 9% of all
U.S. births are premature, and almost 2% of U.S.
infants are born at less than 32 weeks.

* Interestingly, the VLBW rate has remained unchanged
for Black Americans but has increased in Whites. The
reason for this disparity is not completely clear but at
least in part is related to the increase in multiple births
in the White population.

RISK FACTORS ASSOCIATED
WITH PREMATURITY

* Although most premature births occur for unknown
reasons, the most common risk factors associated with
preterm delivery are outlined below.

DEMOGRAPHIC FACTORS

* Race has been a well-known and extensively studied
risk factor for many years. Black women experience
more than twice the rate of premature delivery than
White women and account for almost one-third of all
premature infants. Lower socioeconomic status
(SES) is also associated with higher rates of prema-
ture delivery. In addition, women under age 16 and
over age 35 are more likely to deliver LBW infants.
Age is a more significant factor in White births than
in Black births.

BEHAVIORAL FACTORS

* Poor maternal nutrition appears to increase the risk of
low birthweight and preterm delivery. Cigarette smok-
ing and substance abuse (in particular, cocaine) play a
significant role and are likely to result in the uteropla-
cental vasoconstriction that leads to an increased rate
of abruption. Lastly, inadequate prenatal care often
accompanies many of the above risk factors and is
commonly associated with preterm delivery.

MATERNAL MEDICAL CONDITIONS

* A previous obstetric history of premature birth or
perinatal complications (fetal distress, sepsis) places a
woman at higher risk for preterm delivery. In fact,
prior poor birth outcome is the single strongest pre-
dictor of poor birth outcome, and a premature first
birth is the best predictor of a premature subsequent
birth.

* Other maternal complications include uterine and cer-
vical abnormalities (bicornuate uterus, incompetent
cervix), trauma, vaginal bleeding (placenta previa,
abruptio placentae), polyhydramnios, premature rup-
ture of membranes, and chorioamnionitis. Acute or
chronic maternal illness such as urinary tract infec-
tion, hypertension, preeclampsia, and diabetes are
also common risk factors. Delivery may occur either
by induced labor to remove the infant from an unfa-
vorable in utero environment or secondary to sponta-
neous onset of labor.

FETAL FACTORS

* Multiple gestation, chronic fetal infections (e.g.,
TORCH infections, including toxoplasmosis, rubella,
and cytomegalovirus), chromosomal and congenital
anomalies, immune and nonimmune hydrops are
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among the many fetal conditions associated with pre-
mature delivery. It is important to note that factors
commonly associated with I[UGR are frequently seen
with prematurity. Again, this relationship is likely
because of the fact that preterm births often signify a
need for early delivery from a potentially disadvanta-
geous intrauterine environment.

PHYSICAL EXAMINATION:
ASSESSMENT OF GESTATIONAL
AGE IN THE PREMATURE INFANT

* Accurate assessment of gestational age at birth is par-
ticularly important when standard obstetric milestones
such as last menstrual period or early fetal ultrasonog-
raphy are unknown or the infant is IUGR. The Ballard
scoring system is commonly used to estimate gesta-
tional age at birth (see Newborn section). Some of the
neuromuscular and physical findings used in this scor-
ing system may be less reliable because of many con-
ditions that accompany premature birth (e.g., sepsis,
edema, respiratory distress, and perinatal depression).
Morphologic findings of the premature infant are helpful
in determining gestational age. A paper-thin, translucent
skin and prominent venous pattern are often characteris-
tic in infants less than 28 weeks. Fine, thin hair on both
the scalp and body (lanugo) is also present and begins to
thin at about 3032 weeks gestation. A lack of prominent
plantar creases is characteristic prior to 32 weeks. There
is a lack of prominent breast tissue, which is a result of
maternal hormonal influences. Underdeveloped carti-
lage is evident by the lack of recoil of the folded ear
prior to 32 weeks. Lastly, the distinct appearance of the
genitalia is often a reliable marker of prematurity. In the
female, the clitoris and labia minora are prominent until
34-36 weeks. The preterm male lacks prominent rugae
on the scrotum, and the testes are often not palpable in
the inguinal canal until 28-30 weeks.

Neuromuscular findings in the premature infant are
also very distinct. There is a marked extensor posture
(upper and lower extremities and hips) in the resting
supine position as compared to the flexor posture of
the term infant. Active tone and reflex responsiveness
are markedly decreased in the premature infant, as
evidenced by the lack of arm recoil when the upper
extremities are fully extended and then released.
Flexion angles, which measure ligament and tendon
laxity, are typically more pronounced in the lower
extremities (popliteal angle test) and more limited in
the upper extremities (square window fest) in the
preterm infant. This pattern of flexion-extension devel-
opment reverses with increasing gestational age. Lastly,
resting tone of both upper and lower extremities is

decreased in the preterm infant as compared to term
infants (scarf sign and heel-to-ear test).

PROBLEMS ASSOCIATED
WITH PREMATURITY

* Immature organ function, complications of therapy,
and the specific disorders that may have caused
premature onset of labor often increase the severity and
obscure the clinical manifestations of many neonatal
diseases. Specific problems that are most commonly
associated with prematurity are outlined below.

RESPIRATORY

* Respiratory distress syndrome (RDS), also called hya-
line membrane disease (HMD) is the most common
respiratory disease related to prematurity. The inci-
dence is inversely related to birthweight, as RDS
occurs in 80% of infants less than 1000 g and in 40%
of infants between 1250 and 1500 g. The underlying
cause is the physiologic lack of surfactant production
in the premature lung which typically begins at 24-28
weeks’ gestation. At the time of birth, surfactant defi-
ciency causes collapse of small airways and progres-
sive atelectasis. Clinical manifestations include
tachypnea, retractions, and cyanosis that persists or
progresses over the first 48—96 hours of life. Chest
radiographic findings of a homogeneous reticulogran-
ular pattern and air bronchgrams are characteristic.

Surfactant replacement therapy has been the mainstay

of treatment for over a decade and has accounted for

the dramatic decrease in RDS deaths since 1991. It is
administered endotracheally as either a prophylactic
dose (given within the first hour of life) or as a rescue
therapy for infants who acutely develop symptoms.

Repeat doses may be indicated depending on the

severity and duration of symptoms.

* Neonatal apnea defined as the absence of respiratory
air flow for a period of greater than or equal to 20 sec-
onds, is another common problem associated with pre-
maturity. The term apnea of prematurity (AOP) is a
diagnosis of exclusion when all other pathologic
causes of apnea (i.e., sepsis, anemia, seizures, necro-
tizing enterocolitis [NEC], GE reflux) have been ruled
out. AOP is thought to be caused by an immaturity of
respiratory control mechanisms and may be either cen-
tral, obstructive, or mixed. If frequent apneic episodes
occur that require stimulation or intermittent bag-and-
mask ventilation to reinitiate ventilation, treatment
with methylxanthine drugs (theophylline and caffeine
citrate) should be considered. Positive pressure venti-
lation via nasal continuous positive airway pressure
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(CPAP) or intubation may be required when medical
therapy is not effective.

* Other respiratory problems associated with prematu-
rity include congenitally acquired pneumonia, air leak
syndromes (pneumothorax, pneumomediastinum),
pulmonary hemorrhage, and pulmonary interstitial
emphysema (PIE). Chronic lung disease, also known
as bronchopulmonary dysplasia (BPD), is a late mani-
festation commonly seen in premature infants who
have had severe lung disease in the neonatal period.
The incidence of BPD among VLBW infants is about
18% and increases with decreasing gestational age
(see Neonatology-Pulmonary section).

CARDIAC

* Congestive heart failure secondary to patent ductus
arteriosus (PDA) occurs when the large vessel con-
necting the main pulmonary trunk with the descend-
ing aorta fails to close or reopens after functional
closure. Normal closure occurs in healthy term new-
borns by 96 hours of life. The incidence of PDA is
inversely related to gestational age, occurring in about
45% of infants under 1750 g and 80% of infants under
1000 g. Typical presentation is in the first 1-2 weeks
of life and may include a holosystolic heart murmur,
hyperactive precordium, bounding peripheral pulses,
and widened pulse pressure. Hypotension and respira-
tory distress often present without a heart murmur,
and echocardiography is almost always necessary to
confirm the diagnosis.

* Treatment of PDA includes appropriate ventilatory
support and fluid restriction. Indomethacin is a
prostaglandin synthetase inhibitor that has proven to
be effective in promoting ductal closure, particularly
in very premature infants when given within the first
1-2 weeks of life. Surgical ligation of the vessel is
indicated in infants who have either failed medical
treatment or for whom indomethacin is contraindi-
cated because of its side effects (i.e., renal toxicity, GI
bleeding, platelet dysfunction).

* Other cardiac problems are nonspecific to the prema-
ture infant but occur with increased frequency as
compared with term newborn infants. Hypotension
caused by hypovolemia, cardiac dysfunction, and/or
vasodilation secondary to sepsis occurs frequently.
The severity of illness is often increased because of
the immaturity of the cardiovascular system.

GASTROINTESTINAL

* Necrotizing enterocolitis (NEC) is a disease of serious
intestinal injury caused by a combination of vascular

and mucosal damage to an immature gut. Although
the pathophysiology remains unclear, the most
common associated risk factors include prematurity
(60-80% of cases occur in high-risk premature
infants) and introduction of enteral feedings. NEC
should be suspected in any preterm infant presenting
with feeding intolerance, abdominal distension, and
hematochezia. Early signs are often nonspecific and
may mimic neonatal sepsis (i.e., apnea, bradycardia,
abnormal white blood cell count, thrombocytopenia).
Radiographic findings include the presence of intra-
mural bowel gas (pneumatosis intestinalis) and/or
intrahepatic portal venous gas. Acute medical man-
agement includes cessation of enteral feedings, gas-
tric compression, sepsis workup, and IV antibiotics.
Serial abdominal examinations and x-ray studies are
needed to rule out intestinal perforation. Surgical
consultation and possible intervention is often
required (see Neonatology-Disease of the Digestive
Tract section).

NEUROLOGIC

* Intraventricular hemorrhage (IVH) is the most common
neurologic complication of premature infants. Al-
though the incidence has decreased significantly in
recent years (less than 20% in VLBW infants), IVH
remains a major problem because the survival rate of
infants <1000 g continues to increase. Bleeding origi-
nates in the highly vascularized germinal matrix (GM)
which is most prominent and prone to rupture in
infants less than 32-34 weeks’ gestation. Although
several risk factors have been associated with IVH
(i.e., fetal distress, disturbances in blood pressure,
thermoregulation, acid-base balance, and hemostasis)
the exact etiology is unclear, and prevention of severe
IVH remains a challenge in caring for the premature
infant. Diagnosis is confirmed by ultrasonography
and severity is often classified by the Papile system:
1. Grade I: GM hemorrhage
2. Grade II: IVH without ventricular dilatation
3. Grade III: IVH with ventricular dilatation
4. Grade IV: GM hemorrhage or IVH with parenchy-

mal involvement

* Other neurologic complications include posthemor-
rhagic hydrocephalus (PHH) and periventricular
leukomalacia (PVL). Approximately 35% of infants
with IVH develop PHH. About 30% of these cases
eventually require some level of neurosurgic interven-
tion (serial lumbar punctures and/or ventriculoperi-
toneal shunt placement), while the majority of cases of
ventriculomegaly either cease to progress or resolve
spontaneously. PVL may or may not accompany IVH,



CHAPTER 21 « PREMATURITY 97

as the disease is caused by ischemia of the periven-
tricular white matter as a result of decreased cerebral
blood flow either in utero or in the early neonatal
period. Premature infants exposed to prolonged rup-
ture of membranes, chorioamnionitis, or events
thought to cause early IVH (i.e., birth asphyxia or
need for vigorous resuscitation) appear to be at
increased risk. The diagnosis of PVL may greatly
impact prognosis as infants with PVL have a higher
incidence of cerebral palsy.

OPHTHAIMOLOGIC

* Retinopathy of prematurity (ROP) is a disease of the
immature retina caused by interruption of the normal
development of newly forming retinal vessels.
Vasoconstriction and obliteration and subsequent neo-
vascularization of the capillary beds may lead to reti-
nal edema, hemorrhage, and fibrosis. If not reversed
in the early stages, retinal detachment and eventual
blindness can occur. Although the pathophysiology
and etiology of ROP remains unclear, extreme prema-
turity is known to be the most significant risk factor.

 Serial eye examinations beginning at 4—6 weeks of
age are recommended for all infants <1500 g or <28
weeks and for infants between 1500 and 2000 g with
an unstable neonatal course (i.e., requiring significant
or prolonged ventilatory support). An International
Classification of ROP has been useful in staging the
severity of active disease and provides guidelines for
when ablative therapy is indicated:

Stage I:  Thin demarcation line between the vascu-
larized and avascular zone of the retina.

Stage II: Developing ridge extends into the vitreous.

Stage III: Extraretinal fibrovascular proliferation,
neovascular tufts form posterior to the
ridge. Plus disease occurs when these ves-
sels become dilated and tortuous.

Stage IV: Neovascularization extends into the vitre-
ous with fibrosis and scarring, traction, and
retinal detachment can occur.

NUTRITIONAL AND METABOLIC DISORDERS

* Careful monitoring of nutrient intake is essential to
minimize the risks of malnutrition and failure to
thrive. While disorders of glucose metabolism (hypo-
glycemia and hyperglycemia) are common in the
early neonatal period, problems of calcium metabo-
lism (osteopenia of prematurity) can occur in chroni-
cally ill, poorly supplemented low birthweight
infants.

HEMATOLOGIC

* The etiology of anemia is often multifactorial (i.e.,
iatrogenic because of frequent blood sampling, chronic
illness, physiologic nadir). Hyperbilirubinemia may be
caused by many factors as well, and may be either con-
jugated (often a late finding because of total parenteral
nutrition (TPN) cholestasis) or unconjugated (see
Hematology section).

IMMUNOLOGIC

* Bacterial, viral, and fungal infections all occur more
frequently in premature infants than in full-term
infants. Because of immaturity of the immune system,
infection can rapidly lead to overwhelming sepsis,
with significant morbidity and mortality. Although
congenitally acquired bacterial infections caused by
group B beta-hemolytic streptococcus (GBS) and E.
coli are most common overall, nosocomial infections
secondary to Staphylococcus, Pseudomonas, and
Candida spp. typically occur in the smaller and more
chronically ill infants.

MANAGEMENT OF THE PREMATURE INFANT

* Management of the premature infant requires a multi-
system, interdisciplinary approach from birth to the
time of hospital discharge. Since low birthweight
infants are often born acutely ill, delivery in an appro-
priately equipped and staffed hospital facility can
reduce the risk of complications. Poor outcome is
associated with a lack of early intensive care and the
need to transfer to an outlying hospital.

IMMEDIATE POSTNATAL MANAGEMENT

* The routine measures for resuscitation and stabiliza-
tion (see Delivery Room Resuscitation section),
umbilical cord and eye care, and vitamin K adminis-
tration in the term newborn infant are essentially the
same for premature infants. The American Academy
of Pediatrics (AAP) considers delivery of infants at
less than 32 weeks or birthweight <1500 g to be high
risk and recommends that a pediatric team be readily
available for immediate resuscitation and stabiliza-
tion. Infants older and larger than this may require
special care; however, the attendance by a pediatric
team at those deliveries should be determined by the
individual perinatal history and events (i.e., evidence
of sepsis, fetal distress, unsure dates).
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NEONATAL INTENSIVE CARE MANAGEMENT

* Following stabilization of the preterm infant, deci-
sions regarding admission for continued intensive
care must be carefully considered. The most common
indications for specialized care are outlined below.

* Continuous monitoring of heart rate, respiratory rate,
pulse-oximetry and blood pressure are indicated if the
infant exhibits any signs of cardiorespiratory instabil-
ity. Apnea, increased work of breathing, tachypnea,
hypoxia, bradycardia, and hypotension are common
indications for admission.

* The need for thermoregulatory support is common
among low birthweight infants who are otherwise
well. Most premature infants are able to maintain their
own body temperature at >1800 g. The goal should be
to provide an environmental temperature at which
oxygen consumption and metabolic stress are mini-
mized but sufficient to maintain body temperature
(ideally between 36.4 and 37.1°C). For the very small
preterm infant, thermoregulation often requires either
an overhead radiant warmer or a closed incubator.
Maintenance of environmental humidity between 40
and 60% via a humidified tent or incubator helps to
minimize evaporative heat loss.

* Ventilator management and/or oxygen therapy 1is
often required in infants presenting with RDS and/or
apnea. It is most common in infants who are signifi-
cantly premature (<32 weeks). The decision to initiate
mechanical ventilation is complex. Since premature
infants are at high risk of pulmonary injury secondary
to barotrauma and hyperoxia that may be induced by
positive pressure ventilation, the decision to intubate
should not be taken lightly. In addition, every effort
should be made to wean the support and supplemen-
tal oxygen as rapidly as tolerated to minimize lung
injury.

e Intravenous fluid and electrolyte management also
require close monitoring, particularly in the very low
birthweight infant. The immature skin and renal system
predispose these infants to significant insensible water
losses and electrolyte imbalances that must be replaced
based on careful calculation of input vs. output.
Overhydration must be avoided as well to minimize
complications of pulmonary edema and PDA.

* Nutritional support should be initiated as early as possi-
ble, ideally within the first 24-48 hours of life.
Premature infants typically regain their birthweight
more slowly and have higher caloric requirements
(110-140 kcal/kg/day for an adequate weight gain of
15 g/kg/day) than term infants. Most infants <1600 g
and <34 weeks are unable to bottle-feed because of
immaturity of suck/swallow reflexes, and nasogastric
tube feedings are a common indication for specialized

nursery care. In the extremely premature infant, early
parenteral nutrition with intravenous lipids and amino
acids is essential to support the exaggerated catabolic
state.

» Enteral feedings are preferred over the parenteral
route because of the complications associated with
intravenous parenteral nutrition (i.e., IV site infiltra-
tion and burns, long-term central venous access and
line infections, TPN cholestasis); however, the deci-
sion to advance feeds should take into account the
patient’s clinical status because of the high incidence
of NEC in ELBW and sicker infants. There is recent
evidence that early introduction of small-volume
enteric feedings of no more than 20 cc/kg/day via con-
tinuous or bolus nasogastric tube (minimal enteric
feedings) may promote gut development and mini-
mize problems of “feeding intolerance.”

* Suspected neonatal sepsis is another common indica-
tion for specialized care. As compared to their full-
term counterparts, premature infants are at much
higher risk for congenitally acquired bacterial infec-
tions. They often present atypically, with mild or no
apparent symptoms, yet their clinical course may
deteriorate rapidly and become much more severe if
early treatment is not initiated. Therefore, a high
index of suspicion should be given to any infant who
delivers prematurely. A “rule-out sepsis” workup
including a complete blood count, blood culture, and
other appropriate studies (i.e., lumbar puncture, urine
culture) should be obtained. When sepsis is strongly
suspected, broad-spectrum antibiotics should be initi-
ated empirically while awaiting culture results. GBS,
E. coli, and Listeria monocytogenes are the most
common pathogens and appropriate coverage includes
IV ampicillin and gentamicin.

HOSPITAL DISCHARGE

* For the VLBW infant, hospital discharge requires a mul-
tidisciplinary approach. Most infants meet criteria
around 36 weeks postconceptional age; however, dis-
charge often occurs much later for infants with multiple
medical problems. In addition to routine well-infant
health maintenance (i.e., hearing screening, neonatal
screening, immunizations), the following specific goals
should be met to ensure a safe and successful discharge:

1. Infant is exhibiting consistent weight gain on cur-
rent feeding regimen.

2. Infant is competent in oral feeding either by the
bottle or at the breast without cardiorespiratory
compromise.

3. Body temperature is maintained in an open crib
with normal ambient temperature.
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4. Infant is physiologically mature and has stable
cardiorespiratory function of a sufficient duration.
Appropriate immunizations have been given.
Appropriate metabolic screening has been done.

7. Hematologic status has been assessed and, if indi-
cated, appropriate therapy instituted.

8. Nutritional risks have been assessed and, if indi-
cated, appropriate modifications and therapy
instituted.

9. Sensorineural assessments have been completed
and follow-up arranged.

10. The primary caregiver has been trained in infant
care, including safety issues, car seat use, and
sleep position.

11. For patients requiring specialized infant care or
monitoring (i.e., nasogastric tube feedings, sup-
plemental oxygen, home medications, apnea mon-
itoring), at least two primary caregivers should
demonstrate comprehensive understanding of the
supplies and techniques prior to discharge.

12. A primary care physician has been identified and
appropriate outpatient follow-up has been
arranged, including subspecialty services.

S

OUTCOMES FOR PREMATURE INFANTS

SURVIVAL OF PREMATURE INFANTS

* In 1997, the VLBW rate was approximately 1.4% and
is a reliable predictor of infant morbidity and mortal-
ity. Infants born at less than 1500 g continue to account
for over 50% of neonatal deaths. Although the exact
survival rates may vary from year to year, the trend
remains the same: for any given gestational age, the
lower the infant birthweight, the higher the neonatal
mortality, and for any given birthweight, the younger
the gestational age, the higher the neonatal mortality.

LONG-TERM PROBLEMS

* A significant percentage of low birthweight infants
will have some degree of long-term morbidity as out-
lined below. LBW and VLBW infants account for
approximately 50% of all disabled infants. Overall,
severe impairment occurs in a small percentage of
survivors (roughly 10% of VLBW infants) and
accounts for the relatively high rate of rehospitaliza-
tion among former premature infants.

1. Chronic lung disease ranging from mild (minimal
oxygen requirement at 1-2 months of age) to
severe (tracheostomy and/or ventilator-dependent).

2. Language disorders, learning disabilities, attention
deficit and behavior disorders.

3. Major motor and/or cognitive delays (cerebral
palsy, mental retardation).

4. Sensory impairments (hearing loss, visual deficits).
5. Poor growth/FTT.
6. Increased risk of child abuse and neglect.

EtHICAL CONSIDERATIONS

e Although the majority of premature infants born
today are successfully discharged home with minimal
complications, ethical issues continue to arise, partic-
ularly in the care of extremely premature and/or
severely ill patients. For infants in whom long-term
survival and disability is uncertain, it is the obligation
of the neonatologist and health care team to routinely
discuss the range of treatment options with parents
and to work toward agreement of a plan that is in the
best interest of the child.
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22 RESPIRATORY DISORDERS
OF THE NEWBORN
Nicolas FM. Porta

DEVELOPMENT OF THE
RESPIRATORY SYSTEM

EMBRYOLOGY —STAGES OF
LUNG DEVELOPMENT

* Embryonic (3—7 weeks): The lung bud originates
from the ventral aspect of esophagus, and initial
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branching and bronchopulmonary segments are
defined.

Pseudoglandular (7-16 weeks): Branching of the
conducting system occurs, and future airways have a
narrow lumen with pseudostratified squamous epithe-
lium. There is a glandular appearance of lung tissue
by histology.

Canalicular (16-24 weeks): Diameter of future air-
ways increases, and there is narrowing of epithelial
cells lining future airways. Smooth muscle and
cartilage appear, respiratory bronchioles appear, and
there is increased vascular proliferation within mes-
enchyme surrounding lung tissue.

Saccular (24-36 weeks): Terminal bronchioles and
alveolar sacs appear, with capillaries in closer apposi-
tion. There is further thinning of distal airspace
epithelium, appearance of type II pneumocytes with
early secretion of surfactant, emergence of type I
pneumocytes, and closer approximation of capillaries
to distal airspaces.

Alveolar (36 weeks—early- to midchildhood): Alveoli
appear, and continue to form for several years postna-
tally. For at least the first 2 years of life there is an
increased proportion of lung parenchyma to total
lung, subsequently continued growth of lungs is pro-
portional to body growth.

FETAL LUNG GROWTH

* Fetal lung liquid is actively secreted by epithelium into
future air spaces and ultimately into amniotic space.
Catecholamines and other hormones that increase
during labor cause a rapid switch from net secretion to
net absorption of liquid in alveolar spaces.
Mechanical forces producing lung growth include
constant distension of lungs caused by relative
obstruction of egress of fetal lung liquid at the glottis.
These forces maintain positive intrapulmonary pres-
sure relative to amniotic space which is necessary for
normal lung growth and maturation.

Fetal breathing movements (episodic and low volume)
are necessary for adequate fetal lung growth to occur.

SURFACTANT

* Surfactant is secreted from and recycled by type II
pneumocytes into alveolar spaces. Surfactant
decreases surface tension at air-liquid interface within
alveoli, thus improving lung compliance and prevent-
ing alveolar collapse.

* Surfactant is composed of phospholipids (dipalmi-
toylphosphatidylcholine [DPPC] ~80%, phosphati-
dylglycerol (PG), phosphatidylinositol, and phospha-

tidylethanolamine), neutral lipids (cholesterol), and
apoproteins (surfactant proteins A, B, C, and D).
Surfactant proteins B and C are responsible for organi-
zation of surfactant into tubular myelin (the surfactant
structure that functions to decrease surface tension at
air-liquid interface).

* Surfactant is inactivated by serum proteins, meco-
nium, and oxygen free radicals.

PERINATAL CIRCULATION

* In fetal circulation, respiratory function is maintained
by the placenta in fetuses, and pulmonary blood flow
is ~10% of biventricular (total cardiac) output. The
small cross-sectional area of vessels in early to mid
pregnancy, as well as active vasoconstriction at the
end of gestation lead to high pulmonary vascular
resistance, high pulmonary arterial pressure, and low
pulmonary blood flow in the near-term fetus.

* Shortly after birth, pulmonary blood flow increases to
half of total cardiac output because of decreased
pulmonary vascular resistance in response to an
increase in oxygen tension, increase in pH, and cyclic
distension of lungs by respiration.

* Pulmonary vascular resistance and blood pressure
continue to decrease over the first days to weeks after
birth to adult levels.

EVALUATION OF THE NEONATE
WITH RESPIRATORY DISEASE

* Respiratory disorders in neonates can be apparent
immediately at birth, or after an apparently successful
transition from fetus to newborn has occurred.

HISTORY

* Determining gestational age is important. In preterm
infants respiratory distress syndrome (RDS) is most
common, but it should be remembered that other
problems are possible, and there is an increased risk
of bacterial sepsis. In term infants, other diagnoses
are more likely, although RDS may occur (especially
following gestations complicated by diabetes).

* Determine whether there has been fetal evaluation of
pulmonary surfactant. The secretion of lethicin (L =
phosphatidylcholine) relative to sphyngomyelin (S)
by type II pneumocytes increases as the surfactant
system matures. A higher L/S ratio in amniotic fluid
predicts lower risk of RDS. Secretion of phos-
phatidylglycerol (PG) occurs late in the maturation of



CHAPTER 22 o RESPIRATORY DISORDERS OF THE NEWBORN 101

the surfactant system; the presence of PG in amniotic
fluid predicts lower risk of RDS.

* Maternal diabetes increases the risk of RDS at any ges-
tation because of delayed maturation of surfactant. In
addition, infants of diabetic mothers have an increased
incidence of polycythemia/hyperviscosity, which can
lead to poor pulmonary perfusion (pulmonary hyper-
tension) and hypoxemia. Hypoglycemia in the infant
may result in agitation or lethargy, which can lead to
respiratory insufficiency.

* Chorioamnionitis is associated with an increased risk
of pneumonia/sepsis.

* A family history of neonatal death in siblings may
have been because of an inherited abnormality, which
could be present in the current patient. Examples
include congenital heart disease, alveolar capillary
dysplasia and congenital deficiency of surfactant
protein B or C.

* Many fetal abnormalities associated with neonatal
respiratory distress can be identified before delivery
by fetal ultrasonography or amniocentesis. Examples
include hydrops fetalis, oligohydramnios (associated
with pulmonary hypoplasia), trisomy 21 (associated
with persistent pulmonary hypertension of the new-
born [PPHN]).

EXAMINATION

* Dysmorphic features (craniofacial/thorax)—may sug-
gest underlying neurologic, airway, or lung abnormal-
ities.

* Nasal flaring suggests increased respiratory effort or
an airway abnormality. The patency of nasal passages
should be determined to rule out choanal atresia or
stenosis.

* Examination of the lungs should be assessed for
retractions, grunting, quality and symmetry of air
movement/symmetry.

e The heart should be examined for a murmur, heart
sounds, and the perfusion should be assessed.

* A distended abdomen suggests abdominal pathology;
a scaphoid abdomen suggests Potter syndrome or con-
genital diaphragmatic hernia (CDH).

OTHER TESTS

* A chest x-ray should be performed to evaluate the
lungs for infiltrates, perfusion, symmetry, abnormal
contents in thorax, pleural effusions, and pneumotho-
rax. In addition, the heart should be evaluated for size
and shape, and the vertebrae and ribs should be exam-
ined for abnormalities.

* An abdominal x-ray helps evaluate for gastrointestinal
distension and for signs of ascites.

Laboratory studies should include a blood glucose,
blood gas analysis to evaluate gas exchange and pH,
and hematocrit to evaluate for polycythemia/hypervis-
cosity or anemia. A white blood cell count with dif-
ferential and blood culture should be performed to
evaluate for infection.

Direct laryngoscopy may be performed at the bedside to
assess for high upper-airway abnormalities and to secure
the airway with an endotracheal tube. In some infants,
indirect laryngotracheobronchoscopy may be helpful to
evaluate for upper and lower airway abnormalities.

CAUSES OF RESPIRATORY
INSUFFICIENCY OR FAILURE

AIRWAY

e Choanal atresia occurs with a ~1:5000 incidence (90%
bony, 10% membranous). Unilateral disease is more
common. Choanal atresia should be suspected when a
catheter cannot be passed through the nares into
oropharynx, and the diagnosis confirmed by com-
puted tomography (CT) evaluation. Approximately
half of infants with choanal atresia have other anom-
alies; in particular CHARGE sequence (coloboma,
heart disease, atresia of choana, retarded growth and
development, genitourinary anomalies, ear/hearing
anomalies) should be considered. Primary repair is
frequently successful; in rare cases a tracheostomy is
required.

Micrognathia/retrognathia/Pierre Robin sequence
should be obvious on physical examination. The
airway obstruction from the posterior tongue is more
pronounced in supine position. When present, a cleft
palate does not cause respiratory distress unless feed-
ing difficulties are severe. These infants may require
tracheostomy for several years until the mandible
grows enough to maintain the tongue in a more ante-
rior position.

* Laryngomalacia is the most common cause of stridor
in infants, and may be noted immediately after birth.
While symptoms usually resolve spontaneously,
a tracheostomy may be needed in severe cases.
Laryngomalacia may be associated with subglottic
stenosis.

Laryngeal atresia is rare and requires tracheostomy
immediately after birth for survival. Laryngeal webs
usually occur at the level of the glottis, and present
with symptoms varying from an abnormal cry to
severe respiratory distress. Webs may require laser/
surgical treatment or tracheostomy. Tracheal atresia
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or agenesis is extremely rare, and incompatible with
survival.

Subglottic stenosis presents with stridor and respira-
tory distress; in severe cases a tracheostomy may be
required. Tracheal stenosis is often associated with
complete tracheal rings, and may require extensive
surgical repair in case of multiple rings or long seg-
ment stenosis.

Excessive oral secretions may obstruct the airway and
cause respiratory distress. This may occur in infants
with abnormal neurologic function (inadequate swal-
lowing), or in infants with anatomic disease such as
esophageal atresia.

* A number of conditions may produce extrinsic air-
way compression. Vascular rings and slings caused
by abnormal development of mediastinal vessels
can compress or deviate the trachea causing air-
way obstruction (most commonly seen with a double
aortic arch or aberrant right subclavian artery). Neck
or mediastinal masses such as teratomas and cystic
hygromas represent large lesions and can cause com-
pression. Some may be amenable to surgical resec-
tion. Hemangiomas may be responsive to systemic
steroids, but may necessitate tracheostomy for short-
term management; 50% of these infants also have skin
hemangiomas.

Vocal cord paralysis is commonly caused by birth or
surgical trauma, and is a common cause of stridor in
newborn. It is most commonly unilateral, causing
hoarse cry and minimal respiratory symptoms.
Bilateral paralysis can cause severe respiratory dis-
tress, and may necessitate tracheostomy.

CHEST WALL

» Asphyxiating thoracic dystrophy is a rare, autosomal
recessive condition that is associated with other skele-
tal abnormalities. It is fatal without aggressive inter-
ventions.

Anasarca may be caused by fetal hydrops or severe cap-
illary leak from sepsis. It produces decreased compli-
ance of chest wall and therefore decreased compliance
of total respiratory system. Treatment is supportive, and
diuretic therapy may accelerate resolution.

LUNGS

* Retained fetal lung fluid or transient tachypnea of the
newborn (TTN) is more common following cesarean
deliveries without prior labor. Symptoms usually
improve over hours to days. Mechanical ventilation
may be necessary in some cases.

* Surfactant deficiency or RDS occurs with an inci-
dence inversely related to gestational age. RDS occurs
because of immaturity of the surfactant system in pre-
mature lungs. Its incidence is increased in IDM at any
gestational age. RDS is frequently further compli-
cated by pulmonary edema.

* Inadequate surfactant function leads to alveolar collapse
and decreased lung compliance. Decreased strength of
respiratory muscles (diaphragm, intercostals), increased
chest wall compliance, and poor nutritional reserve limit
the ability of very premature and small infants to com-
pensate for decreased lung compliance.

* Untreated, respiratory insufficiency worsens over sev-
eral days before spontaneous improvement since sur-
factant secretion occurs within 2-3 days after birth at
any gestation.

* Surfactant deficiency/insufficiency can also occur
because of surfactant inactivation by serum proteins
(e.g., following pulmonary hemorrhages) and meco-
nium.

* Therapy is aimed at maintaining adequate functional
residual capacity (FRC = volume of air in lungs at end
of normal expiration, optimizes lung compliance to
allow for subsequent inspiration) using continuous
positive airway pressure (CPAP), mechanical ventila-
tion with appropriate positive end expiratory pressure
(PEEP), and exogenous surfactant.

* Meconium aspiration syndrome (MAS):

1. Meconium stained amniotic fluid (MSAF) compli-
cates 10-20% of deliveries and is more common in
the postterm gestation. MAS occurs in ~4% of
infants with MSAF, and half of infants with MAS
require mechanical ventilation. Although suction-
ing of the trachea after delivery may prevent aspi-
ration of meconium, infants may still develop
MAS when no meconium was suctioned from
below the vocal cords.

2. MAS is characterized by airway obstruction and
heterogeneous lung disease manifesting as hyper-
inflated areas interspersed with atelectatic areas.
This results in mismatching of ventilation and per-
fusion (V/Q mismatching) leading to hypoxemia.
In some cases in which meconium (or amniotic
fluid) was aspirated deeply into the air spaces, a
more homogeneous “parenchymal” lung disease
pattern can occur.

3. Many cases of MAS are further complicated by
PPHN.

» Congenital pneumonia usually causes diffuse rather
than lobar infiltrates in newborn infants. The initial
radiograph is frequently indistinguishable from RDS.
1. Bacterial pneumonia is most common. Pathogens that

cause early congenital pneumonia include group B
beta-hemolytic streptococci (GBS), Escherichia coli
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(E. coli), and Listeria monocytogenes. Congenital
chlamydia infection can cause pneumonia that pre-
sents between 1 and 3 months of age.

2. Common bacterial pathogens that can cause
nosocomial pneumonia include Pseudomonas
species (esp. aeruginosa), Klebsiella, Serratia,
Staphylococcus aureus, and coagulase negative
Staphylococcus species.

3. Fungal pneumonias are usually nosocomial, and
are most commonly caused by Candida albicans
and other Candida species.

4. Viruses may rarely cause congenital pneumonia
(e.g., varicella, cytomegalovirus) or nosocomial/
community acquired pneumonia (respiratory syn-
cytial virus, influenza).

* Pulmonary hypoplasia may be primary (because of
idiopathic pulmonary hypoplasia or pulmonary agen-
esis) but usually is secondary to external compression
and interference with normal growth and development
of the fetal lungs.

1. Early and prolonged (second trimester) oligohy-
dramnios can cause pulmonary hypoplasia. Causes
include inadequate fetal urine production from
renal agenesis/dysplasia or severe urinary obstruc-
tion, or chronic amniotic fluid leak caused by
preterm premature rupture of membranes.

2. Other less common causes of pulmonary hypopla-
sia include skeletal abnormalities (e.g., asphyxiat-
ing thoracic dystrophy). Because fetal breathing
movements are necessary for normal lung develop-
ment, neuromuscular disease may be associated
with pulmonary hypoplasia.

3. Alveolar capillary dysplasia is a rare condition in
which there is a deficient pulmonary capillary bed
that does not allow for adequate diffusion of gases
to and from alveoli. This condition is universally
fatal and may involve a genetic predisposition.

* Atelectasis can be diffuse or focal, caused by secre-
tions, branch airway obstruction, or compression from
adjacent masses.

* Air leak syndrome refers to the group of disorders in
which air escapes through ruptured alveoli into any of
several potential spaces. Air leak can occur sponta-
neously, secondary to pulmonary disease, or as a com-
plication of mechanical ventilation. Extraalveolar air
may compress air spaces, resulting in decreased lung
compliance and respiratory insufficiency. Prompt
recognition and evacuation can be lifesaving.

1. Pneumothorax occurs spontaneously in as many as
1% of live births, and complicates 5-10% cases of
RDS and 20% cases of MAS.

2. Other locations of air leak are pneumomedi-
astinum, pneumopericardium, pneumoperitoneum,
and pulmonary interstitial emphysema (PIE). PIE

is a unique form of air leak in which air from rup-
tured alveoli dissects into perivascular spaces,
causing hyperinflation of nongas exchanging areas
of the lungs.

Pleural effusions can compress the ipsilateral (and

even contralateral lung in the case of large collections)

and cause respiratory insufficiency.

1. Pleural effusions can be the result of hydrops
fetalis, congestive heart failure, cardiomyopathy,
and some forms of bacterial pneumonia (particu-
larly group B streptococcal pneumonia). Treatment
of the underlying cause is essential, and thoracen-
tesis or thoracostomy tubes may be necessary for
diagnosis and to relieve symptoms.

2. Chylothoraces are pleural effusions in which chyle
from pulmonary lymphatics collects in the pleural
space. These may be congenital because of lym-
phatic abnormalities, birth trauma, or thoracic sur-
gery. Chylothoraces are characterized by high
lymphocyte count and high protein and triglyceride
content in effusion fluid. Fluid can be milky white in
infants who are receiving enteral feedings. Low fat
diets may accelerate the resolution of chylothoraces.

CDH can lead to severe respiratory failure immedi-
ately after birth. CDH occurs in ~1:3000 of live births
and ~80% are on the left side. CDH occurs because of
failure of the complete closure of pleuroperitoneal
processes early in gestation. This allows abdominal
viscera (intestines, liver, stomach, spleen, and so on)
to displace into the thoracic space, which compresses
the developing lung, and impedes normal growth and
development.

1. In CDH there is ipsilateral and contralateral
hypoplasia of the lung parenchyma and vascula-
ture, and the clinical manifestations are consistent
with pulmonary hypoplasia and PPHN.

2. CDH presents with cyanosis, heart sounds dis-
placed to the contralateral side, and a scaphoid
abdomen. When infants with CDH are sympto-
matic at birth, mortality is as high as 40%. Ideally,
these infants should be delivered in centers that are
equipped to provide advanced respiratory tech-
niques such as high frequency ventilation (HFV)
and inhaled nitric oxide (NO).

3. Postnatal management includes endotracheal intu-
bation and mechanical ventilation, close cardiopul-
monary monitoring with arterial vascular access,
echocardiography to rule out anatomic heart dis-
ease, and assess for PPHN, gastric decompression,
sedation (to minimize swallowing of air into gas-
trointestinal tract which could further compress the
lungs), paralysis for selected cases, and close com-
munication with surgery and extracorporeal mem-
brane oxygenation (ECMO) teams.
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4.

The use of NO in infants with CDH is controversial.
Randomized trials have shown that NO does not
improve outcome when used prior to surgical repair;
NO may be useful as a bridge to ECMO or when pul-
monary hypertension worsens after surgical repair.

* Congenital lung abnormalities are rare but important
causes of respiratory distress in the newborn. In most
cases infants are asymptomatic, with symptoms devel-
oping over time.

1.

Congenital cystic adenomatoid malformation
(CCAM) is abnormal lung tissue with communica-
tion to the bronchial tree. CCAMSs are rare, occur-
ring in ~1:30,000 infants, and most commonly
occur in the lower lobes. CCAM can be detected in
a fetus by ultrasonography, and is very rarely asso-
ciated with hydrops fetalis. Computed tomography
of the chest after birth is diagnostic and helpful to
determine surgical approach. Resection shortly after
diagnosis is justified by the risk of recurrent infec-
tions and theoretical risk of malignant degeneration.
Pulmonary sequestration is a rare condition in
which abnormal lung tissue receives vascular
supply from the systemic circulation (thoracic or
abdominal aorta). Intralobar lesions may have com-
munication to bronchial tree and are most com-
monly found in the lower lobes. Extralobar lesions
do not have communication to bronchial tree (but
may have communication to adjacent lung tissue)
and may be subdiaphragmatic. Sequestrations
rarely present in the neonatal period with signs of
congestive heart failure because of “run-off” circu-
lation, but usually present later in life with recurrent
infections.

Congenital lobar emphysema (CLE) is an overin-
flated, hyperplastic area of the lung surrounded by
otherwise normal lung tissue. These are most
common in the upper lobes. Symptoms are pro-
gressive, but rarely present at birth. Surgical exci-
sion is usually curative, although overinflation of
remaining lung areas can occur.

» Secondary causes of respiratory insufficiency/failure

1.

Birth asphyxia can lead to respiratory insufficiency
due to apnea/hypopnea caused by hypoxic-
ischemic encephalopathy (HIE), and may be com-
plicated by poor pulmonary perfusion due to
associated PPHN.

Although usually due to accompanying pneumo-
nia, sepsis can lead to respiratory insufficiency and
may occasionally cause PPHN.

. Congenital heart disease (see discussion in

Cardiology section) may cause respiratory distress
due to congestive heart failure, circulatory failure,
pulmonary hypertension, or respiratory insuffi-
ciency. Congestive heart failure is more common in

lesions categorized by mixing of the systemic and
pulmonary circulations (e.g., atrioventricular [AV]
canal, ventricular septal defect [VSD], truncus
arteriosus) or by systemic outflow obstruction
(hypoplastic left heart syndrome [HLHS], coarcta-
tion of aorta, interrupted aortic arch, aortic stenosis).

. Apnea/hypopnea due to inadequate central nervous

system (CNS) regulation of respiration can lead to
respiratory insufficiency. This can be seen in
premature infants (particularly if the mother has
received magnesium), or as a consequence of CNS
dysfunction due to malformations/dysgenesis,
intracranial hemorrhage, or ischemic brain injury.

. Abdominal distension may compress the thorax

and interfere with normal respiration. This may be
seen as a result of gastrointestinal pathology
(obstruction) or large intraabdominal mass effect
(renal/genitourinary masses, severe ascites).

. Polycythemia can cause PPHN due to increased

viscosity of the blood interfering with pulmonary
perfusion. This can be seen in IDM, delayed
clamping of the umbilical cord, chronic fetal
hypoxia (preeclampsia), in the recipient twin of a
twin-to-twin transfusion syndrome, and in other
fetal conditions (trisomy 21).

. Severe anemia can cause respiratory distress because

inadequate oxygen delivery to tissues can lead to cel-
lular hypoxia. Anemia may be due to hemolytic dis-
ease of the newborn, fetal blood loss due to external
hemorrhage (placental abruption, umbilical cord
rupture) or fetal-maternal hemorrhage, or the donor
twin in twin-to-twin transfusion syndrome.

. Hypoglycemia may cause respiratory insuffi-

ciency caused by CNS depression and can be
seen in small-for-gestational age (SGA) infants,
large-for-gestational age (LGA) infants, IDM, birth
asphyxia or because of primary hyperinsulinism
(e.g., nesidioblastosis or Beckwith-Wiedemann
syndrome.)

. Metabolic acidosis due to metabolic/genetic causes

(inborn errors of metabolism) can present with
tachypnea in order to produce compensatory respi-
ratory alkalosis.

THERAPEUTIC MEASURES
FOR RESPIRATORY DISORDERS
IN NEONATES

ANTENATAL INTERVENTIONS

¢ Glucocorticosteroids (betamethasone or dexametha-
sone) are used to induce maturation of the fetal lungs
when premature delivery is likely prior to 34 weeks
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gestation. Use of antenatal glucocorticosteroids leads
to decreased morbidity and mortality of premature
infants. Efficacy of antenatal steroids is greatest when
the first dose is at least 48 hours prior to delivery.
Multiple courses of antenatal steroids may not be
advantageous compared to a single course and may
lead to detrimental effects in the fetal central nervous
system.

* Tocolysis is used to postpone threatened premature
delivery. Magnesium, calcium channel blockers,
terbutaline, and indomethacin are the most commonly
used agents. Tocolysis is usually not successful in pro-
longing pregnancy beyond ~2 days, though this may
allow sufficient time for maximal effectiveness of glu-
cocorticosteroid therapy. Tocolysis is contraindicated
in pregnancies complicated by chorioamnionitis
because of increased risk of neonatal sepsis.

* Antibiotics are indicated in the case of threatened
delivery or in cases of chorioamnionitis. Neonatal
GBS infections can be decreased by chemoprophy-
laxis with penicillin during labor when GBS is a
known isolate from cervical or urine cultures during
the current pregnancy or when there is a prior history
of a sibling with invasive neonatal GBS infection.

POSTNATAL INTERVENTIONS

* Oxygen (by free flow, nasal cannula, or hood/tent) can
be used to provide adequate tissue oxygenation in
cases of decreased pulmonary oxygen diffusion or to
facilitate pulmonary vasodilation in transitional circu-
lation.

* Artificial airways may be necessary in cases of airway
obstructions. Oral airways are used to provide oropha-
ryngeal patency in such cases as infants with Pierre
Robin or choanal atresia. Nasopharyngeal airways are
used to provide CPAP without an endotracheal tube or
to allow an adequate airway for infants with choanal
stenosis.

* Endotracheal tubes (ETT) are used to provide mechani-
cal ventilation when CPAP is not sufficient or when
instillation of air into the gastrointestinal tract is con-
traindicated, such as in infants with CDH, gastroschisis,
or omphalocele. Infants with respiratory distress
because of CDH should have an ETT placed rapidly in
order to provide respiratory support without increasing
luminal gas in the intestines, which might further com-
press the lungs. Infants with respiratory insufficiency
and gastroschisis or omphalocele should have an ETT
placed in order to avoid gastrointestinal distension,
which could be injurious to potentially fragile intestines.

* Mechanical ventilation may be necessary to aid or
completely support respiratory function.

1. CPAP is used to maintain FRC and optimize respi-
ratory mechanics. CPAP may be provided by
nose/face mask, nasal prongs, nasopharyngeal
prongs, or via an endotracheal tube.

2. Intermittent positive pressure ventilation (IPPV) is
used to deliver air with variable amounts of oxygen
to the airways in order to facilitate alveolar gas
exchange. IPPV necessitates an ETT, and its
biggest risk is lung injury because of excessive
stretching of pulmonary epithelial cells, especially
when high concentrations of oxygen are also
given. With tidal (conventional) ventilation, physi-
ologic amounts (approximating tidal volume) of
air are delivered at physiologic rates. This mode
provides bulk flow of air into airways allowing for
gas exchange in distal air spaces. With HFV sub-
physiologic amounts of air are delivered at supra-
physiologic rates. This mode facilitates diffusion
of gasses to and from distal air spaces.

3. Hyperventilation (not to be confused with overdis-
tention) to cause respiratory alkalosis is sometimes
used as a pulmonary vasodilator in cases of PPHN.
It should be remembered that this is not a proven
therapy, and may decrease cerebral perfusion.

4. Permissive hypercapnia is commonly used, espe-
cially in preterm infants, in order to minimize
ventilator-associated lung injury when chronic
lung disease (CLD) is anticipated or established.

5. Hyperoxia should always be avoided in order to
minimize oxygen toxicity to the lungs and other
tissues.

6. Appropriate levels of PEEP are essential to opti-
mize respiratory mechanics. Excessive PEEP may
interfere with circulatory function, while insuffi-
cient PEEP will not adequately maintain FRC and
leads to atelectotrauma. Starting levels should be
5-6 cm H,O in early stages of lung disease; up to
8-10 cm H,O may be needed in larger infants, or
with severe lung/airway disease.

Surfactant replacement is used to maintain alveolar

stability in cases of surfactant insufficiency or inacti-

vation. The most efficacious preparations are natural
or semisynthetic surfactants extracted from animal
airways or lungs (Survanta, Infasurf, and Curosurf).

These preparations contain surfactant phospholipids

and proteins. Surfactant replacement should be used to

complement mechanical ventilation, not as a substitute
for it. Maintenance of FRC depends on both mechani-
cal distension of air spaces and alveolar stability.

1. Prophylactic therapy of premature infants at risk for
the development of RDS may result in improved
outcome (death, interstitial emphysema, pneumoth-
orax, bronchopulmonary dysplasia [BPD]) com-
pared to treatment of infants with established RDS.
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Assessment of ETT position is important before
giving surfactant, to avoid delivering the dose pref-
erentially to the right side.

2. Treatment of infants with established RDS
improves mortality, but does not improve inci-
dence of chronic lung disease.

3. Treatment of term and near-term infants with
parenchymal lung disease such as pneumonia or
MAS decreases the need for (ECMO). This strat-
egy works best when implemented early in the
course of respiratory failure.

4. Surfactant treatment of infants with pulmonary
hemorrhage may improve respiratory mechanics
by supplementing endogenous surfactant inacti-
vated by blood proteins.

¢ Circulatory support may be needed in severely ill
neonates.

1. Volume infusions may be necessary in cases of
circulatory insufficiency that complicates or
contributes to respiratory insufficiency. Crystalloid is
usually immediately accessible, but should be used
judiciously because pulmonary edema frequently
complicates respiratory failure. The use of albumin
for volume resuscitation of acutely ill patients is
associated with increased morbidity and mortality,
and is not recommended. Blood products may be
particularly useful in the case of hematologic abnor-
malities. Red blood cell (RBC) transfusions are indi-
cated in cases of severe or symptomatic anemia or
acute blood loss. Platelet transfusions are indicated
in cases of severe or symptomatic thrombocytopenia
or DIC. Fresh frozen plasma (FFP) is indicated in
cases of DIC or massive transfusions. Cryoprecipi-
tate is indicated in cases of DIC with decreased
blood fibrinogen levels.

2. Cardiovascular-active medications can be useful
to improve cardiac output in extremely ill
neonates when poor circulatory function aggra-
vates respiratory insufficiency. Ideal dosages of
most cardiovascular-active drugs are not clearly
defined in neonates, especially premature ones, and
caution must be exercised.

a. Dopamine increases blood pressure in a dose-
responsive way. Increasing doses beyond 20-30
lg/kg/minute may not lead to significant clini-
cal improvement and may be associated with
decreased tissue perfusion by causing excessive
vasoconstriction.

b. Dobutamine improves myocardial contractility
through f3-1 effects, but may cause decreased
cardiac output if tachycardia develops.

c. Epinephrine improves contractility and cardiac
output. High doses may lead to decreased tissue
perfusion by causing excessive vasoconstriction.

d. Milrinone improves myocardial contractility
and causes pulmonary vasodilation, which may
be particularly helpful in cases of PPHN. Its use
may be limited by systemic vasodilation.

e. Hydrocortisone may be useful in cases of circu-
latory failure and shock by improving systemic
vascular tone. In addition, steroids may decrease
the inflammatory component of many forms of
pulmonary diseases such as MAS, pneumonia,
and evolving CLD/BPD. The possibility of dele-
terious side effects such as neurodevelopmental
morbidity and intestinal perforation should be
considered prior to use in neonates.

* Fluid management should be optimized to help
decrease morbidity in infants with severe respiratory
failure. Fluid restriction is used to decrease
pulmonary edema and progression of CLD/BPD,
especially in early or acute settings if tolerated; how-
ever, circulatory support with volume may be neces-
sary as previously described.

» Alkalinization is sometimes used to produce pul-
monary vasodilation in cases of PPHN. Correction of
acidosis that can mediate pulmonary vasoconstriction
is essential, but the value of an alkaline pH is less
clear. Sodium bicarbonate (NaHCO,) is widely used,
but is hypertonic, can lead to respiratory acidosis if
ventilation is inadequate, and can lead to hyperna-
tremia if large doses are given. Tris-hydroxymethyl
aminomethane (THAM) can also be used to treat
acidemia, but is also hypertonic. THAM can correct
both respiratory and metabolic acidosis, but can lead
to hyponatremia. Rapid or excessive alkali infusions
increase the risk of intracranial hemorrhage, espe-
cially in premature infants.

* Sedation/analgesia/paralysis
1. Sedation is used to decrease oxygen consumption

and to decrease ineffectual respiratory activity
when significant respiratory support is necessary.
Benzodiazepines with short half-lives such as
midazolam can be useful when agitation compli-
cates respiratory function. Symptoms of with-
drawal must be carefully monitored when
discontinuing benzodiazepines; long-term therapy
with longer acting lorazepam may be necessary if
tolerance develops.

2. Analgesia is necessary for painful procedures.
Oxygen consumption may also be decreased by
opioid analgesics. In addition, fentanyl may improve
pulmonary vasoconstriction in some infants with
PPHN. Symptoms of withdrawal must be carefully
monitored when discontinuing narcotic analgesics.
When possible, use of infusions should be titrated to
effect, and weaned as soon as feasible. Long-term
therapy with fentanyl infusions predictably produces
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physiologic addition, and methadone may be neces-

sary to accomplish weaning.

3. Paralysis/neuromuscular blockade may improve
respiratory mechanics in acute settings if severe
asynchrony exists between the patient and the res-
piratory support; however, long-term pharmaco-
logic paralysis can lead to muscle atrophy and
fluid retention, complicating chronic respiratory
insufficiency. Paralytic agents can and should be
stopped as soon as possible. It is essential to
remember that paralytic agents do not provide any
sedation or analgesia.

* Pharmacologic pulmonary vasodilation may be neces-
sary in severe cases of PPHN.

1. NO is a natural endothelial derived gas that causes
vasodilation by increasing cyclic guanosine mono-
phosphate (cGMP) in vascular smooth muscle
cells. Because it has a very short half-life in vivo,
NO requires continuous delivery. When given by
inhalation, NO is specific to pulmonary vessels
because once it reaches the circulation, it becomes
inactivated by rapidly binding with hemoglobin to
produce methemoglobin.

a. The most appropriate starting dose is 20 ppm.
Higher doses are associated with higher toxicity
and no improvement in efficacy. In most infants
improvement in oxygenation and pulmonary
artery pressures occurs rapidly, and NO can be
decreased to 5 ppm within 24 hours. NO can
usually be weaned and stopped over 5-7 days.

b. NO has been shown to decrease use of ECMO in
infants with severe hypoxemic respiratory fail-
ure and PPHN, and is approved for use in infants
>34 weeks gestation. Its role in the treatment of
preterm infants is under investigation.

c. Acute discontinuation of NO may lead to
rebound pulmonary hypertension with severe
cardiopulmonary decompensation, even in
patients without prior evident improvement after
initiation of NO.

d. Use of NO in a center without immediate
ECMO availability should be done with caution
and only if it can be continued throughout trans-
port of the patient to a center with ECMO avail-
ability. Ideally, patients should be transported to
an ECMO-capable center prior to use of NO in
combination with high frequency ventilation
since this therapeutic combination cannot be
provided during patient transport.

2. Sildenafil is a Food and Drug Administration
(FDA)-approved inhibitor of phosphodiesterase
type 5 (PDES). PDES inhibition leads to increased
availability of cGMP in vascular smooth muscle
cells, thus potentiating the effect of NO. Its use in

infants is currently limited to experimental proto-
cols.

* ECMO is used to bypass the lungs using an external
circuit to oxygenate the patient’s blood through an
artificial gas permeable membrane prior to returning it
to the body. In order to minimize clotting in the
ECMO circuit, anticoagulation or the patient with
heparin is necessary.

1. In veno-arterial (VA) ECMO, venous blood is
removed through a cannula inserted into the right
atrium via the jugular vein. Venous blood is then
pumped through the membrane to become oxy-
genated, then warmed to near body temperature, and
returned through a cannula inserted into the aortic
arch via the carotid artery. With this circuit, both the
patient and the ECMO pump contribute to the car-
diac output. The carotid artery is damaged and fre-
quently must be ligated following the ECMO
course, potentially increasing the risk of stroke.

2. In veno-venous (VV) ECMO, venous blood is
removed through one lumen of a double lumen
cannula inserted into the right atrium through a
jugular vein. Venous blood is then pumped through
the membrane to become oxygenated, warmed to
near body temperature, and returned through the
other lumen of the double lumen cannula into the
right atrium. With this circuit, the ECMO pump
does not contribute to cardiac output.

3. ECMO is the only therapy that has been shown to
decrease mortality in infants with severe hypox-
emic respiratory failure. ECMO use is associated
with ~20% risk of neurodevelopmental disability;
however, this risk appears to be comparable to out-
comes in similar patients with respiratory illness
who avoid ECMO.

* Nutritional support is essential in the care of infants
with respiratory insufficiency. Parenteral nutrition
should be initiated as soon after birth as possible to
prevent catabolism and to promote postnatal growth
and healing. Enteral nutrition should be initiated as
soon as the patient is likely to tolerate it in order to
further optimize nutrient uptake and to decrease the
risk of infection from long-standing indwelling intra-
venous catheters.

Surveillance for infection, and prophylactic initiation

of antibiotics in high-risk cases can decrease morbid-

ity and mortality associated with significant bacterial
infections in infants with respiratory insufficiency.

Prolonged empirical exposure to antibiotics is dis-

couraged because of the increased risk of infection

with resistant bacteria and fungi.

Closure of patent ductus arteriosus (PDA) in prema-

ture infants decreases the incidence of chronic lung

disease (BPD).
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1. Prophylactic therapy with indomethacin (0.1 mg/kg
every 24 hours X 3 doses) started within 12 hours
after birth to prevent PDA is frequently used in
extremely premature infants (<28 weeks gestation).

2. Therapeutic closure of PDA with indomethacin
(0.1-0.2 mg/kg every 12-24 hours X 3 doses) is
indicated in cases of a symptomatic PDA in any
premature infant, or may be considered for an
asymptomatic but persistent PDA by Doppler eval-
uation in an extremely premature infant.

3. Surgical ligation of a PDA should be considered in
cases of symptomatic PDA in an extremely prema-
ture infant despite appropriate indomethacin pro-
phylaxis/treatment, an asymptomatic PDA by
Doppler evaluation in an extremely premature
infant despite repeated appropriate indomethacin
prophylaxis/treatment, or any PDA in an infant
with significant renal dysfunction.

Diuretics may help weaning ventilator settings in
infants with generalized or pulmonary edema, or with
CLD/BPD. Loop diuretics are most efficacious, with
direct pulmonary effects, but have more severe side
effects. Thiazide diuretics may improve respiratory
function in infants with CLD/BPD following chronic
therapy. They are typically used in combination with
spironolactone to protect against potassium wasting,
but often lead to electrolyte disturbances.
Corticosteroids may help in weaning ventilator set-
tings. Long or multiple courses are associated with
worse neurodevelopmental outcome (especially
cerebral palsy) in premature infants and should be
avoided. Systemic vs. inhaled dosing is under inves-
tigation.
Bronchodilators such as albuteral may improve res-
piratory mechanics in infants with established
chronic lung disease; however, excessive dosing can
lead to tachyarrhythmias. Bronchodilators are con-
traindicated in cases of laryngo/bronchomalacia
because they may aggravate the hypercompliance of
airways.
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23 HEMATOLOGIC DISORDERS
OF THE NEWBORN

Praveen Kumar

ANEMIA IN THE NEWBORN

* The normal hemoglobin value at birth in a term infant
ranges from 13.7 to 20.1 g/dL, with a mean of 16.8 g/dL.
These values are lower in preterm infants. For example,
the normal hemoglobin value at 24-26 weeks of gesta-
tion is 12.2 £ 1.6 g/dL.

* Physiologic anemia occurs because improved oxygena-
tion after birth leads to suppression of erythropoiesis.
This process, combined with shortened survival of fetal
red blood cells (RBC) and expansion of blood volume
in a growing infant, can lead to a progressive and some-
times rapid decline in the hemoglobin concentration. As
a result, hemoglobin concentration gradually falls from
9.0-11.0 g/dL. in a normal full-term infant by 8-12
weeks of age.

* The pattern of physiologic anemia differs in preterm
infants, and is termed anemia of prematurity. The
hemoglobin falls to 7.0-9.0 g/dL in a preterm infant by
3-6 weeks of age. The severity of anemia in a sick
preterm infant is further exaggerated by iatrogenic
blood loss for laboratory samplings. With the resump-
tion of erythropoiesis after the “physiologic nadir” has
been reached, the hemoglobin concentration gradually
increases to reach a mean level of 11-12 g/dL by late
infancy. These changes do not represent any nutritional
deficiency and can not be corrected by administration
of hematinic agents such as iron and folic acid.

* Pathologic anemia in the newborn infant can result
from one of the following three processes: (1) blood
loss which could either be external or internal and can
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occur in antepartum, intrapartum and/or in postnatal

period, (2) increased destruction, and/or (3) inadequate

production of RBC.

* Some of the common causes of blood loss are twin-to-
twin-transfusion, feto-maternal hemorrhage, placental
abruption, anomalies and traumatic rupture of umbil-
ical cord, obstetric trauma leading to subgaleal,
intracranial, and visceral hemorrhage. Many of these
infants present with anemia at birth.

* Anemia caused by hemolysis is common in the new-
born period and can result from intrinsic or extrinsic
abnormalities of red blood cells. Some of the common
causes of hemolytic anemia are (a) isoimmune
hemolytic anemia caused by ABO, Rh, and other
minor blood group incompatibility between mother
and fetus; (b) erythrocyte enzyme defects such as
G6PD and pyruvate kinase deficiency; (c) erythrocyte
membrane disorders such as spherocytosis; (d) hemo-
globin disorders such as alpha-thalassemia syn-
dromes; (e) infections with or without disseminated
intravascular coagulation (DIC).

* Anemia caused by erythrocyte underproduction is
very uncommon in neonates.

» Symptoms and signs of anemia are a result of a
decrease in the oxygen-carrying capacity of blood
with resultant tissue hypoxia, and depend on the
severity of anemia and rapidity of its onset.

1. Infants with acute hemorrhagic anemia present
with pallor unassociated with jaundice and vascu-
lar instability, which can range from poor capillary
refill in mild cases to hypovolemic shock. Initial
hemoglobin may be normal with a gradual fall over
next 24 hours and reticulocytosis developing 2-3
days after a hemorrhagic event.

2. Infants with chronic hemorrhagic anemia usually
present with pallor unassociated with jaundice and
stable cardiorespiratory status unless an infant is in
congestive heart failure secondary to severe
anemia. Hepatosplenomegaly and signs of hydrops
fetalis may or may not be present. The hemoglobin
concentration is low at presentation with compen-
satory reticulocytosis.

3. Infants with hemolytic anemia usually present with
pallor associated with jaundice, reticulocytosis,
and stable cardiorespiratory status. These infants
usually present after 48 hours of age, although
infants with severe isoimmune disease often pre-
sent at birth with hepatosplenomegaly with or
without hydrops fetalis.

* Treatment of a neonate with anemia depends on the
extent of symptoms and signs as well as the underly-
ing etiology of anemia.

1. Rapid resuscitative measures can be lifesaving for
infants with a significant acute hemorrhage.

2. Packed red blood cell (PRBC) transfusions are
given to help maintain effective oxygen-carrying
capacity. There is no consensus on guidelines
for transfusion, but suggested indications are
as follows: (a) hematocrit <35% and severe car-
diopulmonary disease; (b) hematocrit <30%,
moderate cardiopulmonary disease, and before
major surgery; (c) hematocrit <25% and mild car-
diopulmonary disease; and (d) hematocrit <20%
with low reticulocyte count in an asymptomatic
infant.

3. Partial exchange transfusion with PRBC is indi-
cated if rapid correction of severe anemia is needed
in infants with congestive cardiac failure.

4. Nutritional replacement with iron therapy is partic-
ularly important in infants with anemia secondary
to blood loss. Other hematinics such as folic acid,
vitamin E may also be necessary.

5. Recombinant human erythropoietin (rHuEPO) can
increase neonatal erythropoiesis with no signifi-
cant adverse effects. The effective dose ranges
from 600 to 1200 unit/kg/week given subcuta-
neously in 2-3 divided doses/week. At present, it is
considered most beneficial in very low birth
weight infants with anemia of prematurity.

POLYCYTHEMIA

* Polycythemia is an increase in the total red blood cell
mass and in the newborn is defined as a central venous
hematocrit 265%. Because of transudation of fluid out
of intravascular space after birth, the hematocrit in the
newborn peaks at about 2—4 hours of age and then
progressively decreases.
Polycythemia occurs in 2-6% of all newborn in-
fants and the incidence is highest among small-
for-gestational age, large-for-gestational age infants
and infants of diabetic mothers. Other common
risk factors are high altitude, maternal smoking,
twin-to-twin-transfusion, delayed cord clamping, pla-
cental insufficiency, and intrauterine hypoxia.
The symptoms observed in a polycythemic infant result
from the effects of hyperviscosity which depends on
hematocrit, plasma viscosity, RBC aggregation, and
deformability of RBC membrane. Increased hematocrit
is the most important single factor contributing to
hyperviscosity in neonates.

e The clinical signs in infants with neonatal
polycythemia-hyperviscosity syndrome are nonspe-
cific and seen in about half of the infants. Signs and
symptoms include lethargy, poor feeding, tachypnea,
hypoglycemia, hypocalcemia, thrombocytopenia, and
plethora. Uncommon symptoms include convulsions,
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venous thrombosis, congestive heart failure, and
priapism. Short-term and long-term follow-up has
shown a higher incidence of neurologic abnormalities
in these infants.

The goal of therapy is to reduce the viscosity by low-
ering the hematocrit to <60% and to correct associated
metabolic abnormalities if present. Partial exchange
transfusion is an effective method to achieve this goal.
Normal saline is most commonly used as the replace-
ment fluid, although some advocate for use of plasma
protein fraction (Plasmanate) or 5% albumin. The
volume exchanged is calculated from the following
formula:

Exchange Volume

B Blood Volume x Observed Hematocrit — Desired Hematocrit

Observed Hematocrit

* The long-term benefits of partial exchange transfusion
in these infants are controversial. There is general
agreement that a partial exchange transfusion should
be done if the central venous hematocrit is 265% in a
symptomatic infant and more than 70-75% in an
asymptomatic infant.

THROMBOCYTOPENIA IN THE NEWBORN

* The normal platelet counts in both preterm and term
newborns are 150,000—450,000/uL. The significance
of platelet counts between 100,000 and 150,000/uL,
particularly in the preterm neonate, is unclear as it
is frequently observed in the absence of an under-
lying pathology. Thrombocytopenia (platelet count
<150,000/uL) is observed in 20-30% of all newborns
admitted to NICU.

e Thrombocytopenia in neonates may result from
decreased production (less common) or increased
destruction (more common) of platelets. In two large
studies, no identifiable cause was found in up to 60%
of all cases of neonatal thrombocytopenia.

* Congenital disorders associated with decreased
platelet production include thrombocytopenia with
absent radii syndrome (TAR), isolated megakaryocytic
hypoplasia, Wiskott-Aldrich syndrome, congenital
leukemias, chromosomal abnormalities such as tri-
somies 13 and 18, and metabolic disorders such as iso-
valeric acidemia. There is some evidence to suggest
that thrombocytopenia observed in SGA infants and
infants born to mothers with severe pregnancy induced
hypertension is also related to decreased production.

* Causes of increased platelet destruction include
neonatal alloimmune thrombocytopenia (NAIT),

neonatal autoimmune thrombocytopenia, drug-
induced thrombocytopenia, infections, DIC, platelet
consumption secondary to indwelling catheters,
intravascular thrombosis, and necrotizing enterocoli-
tis. Congenital infections (e.g., TORCH) may cause
thrombocytopenia by both decreased production and
increased destruction.

* Workup should include evaluation of mother, placenta
and the infant.

1. In mothers with a normal platelet count, a history
of PIH, hemolysis-elevated liver enzymes-low
platelet count (HELLP) syndrome, TORCH infec-
tions, or use of agents such as thiazides,
hydralazine, and tolbutamide can give a clue to the
etiology of thrombocytopenia in the infant. A low
maternal platelet count suggests autoimmune or
inherited thrombocytopenia. A history of thrombo-
cytopenia in previous child at birth may suggest
NAIT.

2. The placenta should be evaluated for the presence
of abruption and hemangiomas.

3. In a well-appearing infant with normal physical
examination, likely causes of thrombocytopenia
are NAIT, neonatal autoimmune thrombocytopenia
secondary to maternal immune thrombocytopenia
purpura (ITP) or systemic lupus erythematosus
(SLE), and drug-induced thrombocytopenia. In a
well-appearing infant with an abnormal examina-
tion, congenital syndromes such as TAR, giant
hemangioma syndromes, and chromosomal anom-
alies are likely. In a sick infant, usual causes of
thrombocytopenia are infections, disseminated
intravascular coagulation, and platelet consump-
tion.

* In addition to treating the underlying cause, the treat-
ment options include platelet transfusion, intravenous
immunoglobulin, and corticosteroids for immune
mediated thrombocytopenia and recombinant throm-
bopoietin administration.

* The goal of platelet transfusions is to raise platelet
count above 100,000/uL and can be achieved by the
infusion of approximately 10 cc/kg of platelet con-
centrate. Washed maternal platelets should be used
for infants with alloimmune thrombocytopenia.
Platelet transfusions are indicated in any infant with
thrombocytopenia with active bleeding. In absence of
active bleeding, prophylactic platelet transfusion is
recommended at a platelet count of <30,000/uL in
stable term infant and <50,000/uL in stable preterm
infant. According to the American Association of
Blood Banks Pediatric Hemotherapy Committee,
platelet transfusions are recommended for counts
below 100,000/uL in an unstable infant.
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COAGULATION DISORDERS
IN THE NEWBORN

* The hemostatic system is not completely developed at
birth, and this is even more true in a preterm infant.
The prothrombin time (PT) is slightly prolonged, and
partial thromboplastin time (PTT) is significantly pro-
longed compared to the adults. Factors V, VIII, and fi-
brinogen are present at adult levels by birth but levels
of many other coagulation factors such as factors XI,
XII are lower. The levels of several anticoagulant pro-
teins such as Antithrombin III, Proteins S and C are
low and predispose newborn infants to thrombosis.

* Congenital coagulation disorders are characterized by
defects in factor synthesis.

1. Hemophilia A (factor VIII deficiency) and Hemo-
philia B (factor IX deficiency) may present with
bleeding symptoms in newborn period. Both these
disorders are X-linked and occur almost exclusively
in males. Factor estimation can establish diagnosis
in all infants except those with mild forms of
Hemophilia B. Treatment consists of use of fresh
frozen plasma (FFP), cryoprecipitate, or lyophilized
factor concentrate VIII or IX. Factor IX concentrate
should be avoided in newborns because of risk of
inducing thrombosis.

2. Bleeding manifestations are extremely rare in
infants with Von Willebrand disease and its diag-
nosis cannot be made with confidence in the new-
born period. Infants with the severe form may
behave as hemophilia. Treatment consists of use of
cryoprecipitate or desmopressin acetate (DDAVP).

3. Homozygous forms of factors II, V, VII, X, and
XIII can present with bleeding in the newborn
period. Delayed bleeding from the umbilical
stump is characteristic of factor XIII deficiency
and diagnosis requires factor assay as routine clot-
ting studies are normal. The treatment includes
infusion of fresh frozen plasma or specific factor
concentrate.

* Acquired coagulation disorders include hemorrhagic
disorders secondary to vitamin K deficiency or liver
disease and DIC.

1. Vitamin K, a fat-soluble vitamin, is essential for
normal function of vitamin K dependent factors,
factors II, VII, IX and X. Vitamin K is not trans-
ported well across the placenta and some infants
are vitamin K deficient at birth and at risk of bleed-
ing. Based on its onset, hemorrhagic disease of
newborn can be (i) early, during or soon after
delivery, (ii) classic, between 1 and 7 days of life,
and (iii) late, between 4 and 12 weeks of life. The
administration of vitamin K at birth can prevent

classic and late disease but has no effect on early-
onset hemorrhagic disease of the newborn.

2. Severe liver disease can produce a hemorrhagic
diathesis as a result of vitamin K deficiency or by
primary failure of production of coagulation factors.

3. DIC in the newborn is usually secondary to perina-
tal asphyxia, sepsis, shock, severe hypothermia, or
necrotizing enterocolitis. These infants are usually
critically ill and may exhibit widespread bleeding
from multiple sites. The diagnosis of DIC is based
on laboratory findings of low platelet counts with
prolonged PT, activated partial thromboplastin time
(aPTT), and decreased fibrinogen. Fibrin degrada-
tion products may be elevated. The primary goal of
management is treatment of the underlying disorder
and control of bleeding by replacement therapy
with fresh frozen plasma and platelet concentrate as
necessary. Despite aggressive management, DIC
has high mortality.

NEONATAL JAUNDICE

* The yellow discoloration of the skin caused by
accumulation of bilirubin is called jaundice or
icterus. Nearly all newborns develop transient
hyperbilirubinemia (serum bilirubin >2 mg/dL) and
nearly 65% are clinically jaundiced (serum bilirubin
>5 mg/dL).

Bilirubin is derived primarily from the breakdown of
heme in the reticuloendothelial system. Unconjugated
bilirubin is released into the circulation and is rapidly
bound reversibly to albumin and transported to the
liver. Bilirubin enters the liver cell by a process of
carrier-mediated diffusion by binding to ligandin (Y
protein) and Z protein. Nonpolar and water-insoluble
unconjugated bilirubin is conjugated inside liver cells
by bilirubin uridine 5’-diphosphate (UDP)-glucuronyl
transferase enzyme. Water-soluble conjugated biliru-
bin is then actively excreted into the bile canaliculi by
the liver cells. Conjugated bilirubin cannot be reab-
sorbed from the intestine and most of it is converted
to urobilinoids which are excreted in stool and urine.
A small amount of conjugated bilirubin is converted
back to unconjugated form by enteric mucosal
enzyme, B-glucuronidase, and reabsorbed by way of
enterohepatic circulation.

Unconjugated hyperbilirubinemia, also known as
indirect hyperbilirubinemia, can be either physiologic
or pathologic. In absence of neurologic injury, uncon-
jugated hyperbilirubinemia is not associated with any
specific symptoms except those related to the under-
lying etiology.
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* Jaundice is typically apparent first in the face and then
follows a cephalocaudal progression as the degree of
jaundice increases. Palms and soles are the last to be
jaundiced and suggest severe jaundice and an infant at
risk for bilirubin encephalopathy. In absence of neu-
rologic injury, unconjugated hyperbilirubinemia is not
associated with any specific symptoms except symp-
toms related to underlying etiology.

Physiologic jaundice in term infants is characterized

by a progressive rise in serum bilirubin to a mean peak

of 5-6 mg/dL by the third day of life in both White
and Black infants and to a peak of 10-14 mg/dL by
the fifth day in oriental infants. This peak is followed
by a gradual decline to baseline by the fifth day of life
in White and Black infants and by the seventh to the

tenth day in oriental infants. Physiologic jaundice in a

preterm infant appears earlier, can reach a higher

peak, and declines more gradually.

The underlying mechanisms for physiologic jaundice in

newborn are related to (a) increased bilirubin produc-

tion because of larger RBC mass and shorter life span;

(b) hepatic immaturity resulting in defective uptake,

diminished conjugating capacity, and impaired excre-

tion; and (c) increased enterohepatic circulation in new-
born.

* Pathologic jaundice is diagnosed when there is clini-
cal jaundice in the first 24 hours of life or serum
bilirubin level increasing at a rate of >5 mg/dL/day. A
peak serum bilirubin level higher than that mentioned
above in a term infant and >15 mg/dL in a preterm
infant should always be considered pathologic until
proven otherwise.

1. Most disorders causing unconjugated hyperbiliru-
binemia do so via one or more of the same mecha-
nisms that produce physiologic jaundice described
above.

2. The most common pathologic cause of increased
bilirubin production in the newborn is isoimmune
hemolytic disease, because of blood group incom-
patibility between mother and fetus. Other causes of
hemolysis as mentioned under causes of hemolytic
anemia can also result in pathologic jaundice.

3. Sepsis, polycythemia, and extravasated blood can
lead to increased bilirubin production.

4. Defects in hepatic uptake of bilirubin such as Gilbert
syndrome and defects in hepatic conjugation such as
Type I and Type II glucuronyl transferase deficiency
are uncommon causes of pathologic jaundice. Other
rare causes of glucuronyl transferase inhibition are
Lucey-Discroll syndrome and pyloric stenosis.

* Breast milk jaundice: Nearly 30—60% of all breast-fed
infants develop exaggerated unconjugated hyperbiliru-
binemia toward the end of the first week of life when
physiologic jaundice would normally be decreasing.

1. Breast-fed infants are three times more likely to
develop serum bilirubin levels of >12 mg/dL and six
times more likely to develop levels of >15 mg/dL
than formula-fed infants. Jaundice can persist
beyond 2-3 weeks in about 25% of all breast-fed
infants and can rarely persist for up to 3 months. It
can recur in 70% of future pregnancies.

2. The great majority of infants with breast milk jaun-
dice have serum bilirubin concentrations around 10
mg/dL. Less than 1% have level >20 mg/dL but
rarely levels as high as 30 mg/dL have been reported.

3. The etiology of breast milk jaundice is not well-
established. Increased enterohepatic circulation
appears to be the most important mechanism.
Increased concentration of fatty acids and presence
of a progesterone metabolite, pregnane-3c-2083
diol in breast milk have been suggested to play a
role by inhibiting hepatic glucuronyl transferase.

4. Interruption of nursing and use of formula feeding
for 1-3 days causes a prompt decline in bilirubin
but is only recommended for infants with serum
bilirubin concentrations that put them at risk for
kernicterus.

The initial evaluation of a jaundiced infant should

include determination of total and direct serum biliru-

bin in addition to a detailed family, maternal, and
infant’s history. Evaluation of an infant with patho-
logic jaundice should include blood group and Rh
type determination for mother and infant, direct

Coomb’s test, hemoglobin or hematocrit, peripheral

blood smear and reticulocyte count.

Treatment options for an infant with unconjugated

hyperbilirubinemia include phototherapy, exchange

transfusion, and rarely pharmacologic therapy.

1. Phototherapy is the most common treatment in use
for neonatal jaundice. Phototherapy converts
bilirubin by isomerization and photooxidation into
more water-soluble photoproducts that can bypass
the liver’s conjugating system and be excreted
without further metabolism. Factors that determine
the efficacy of phototherapy include spectrum of
light, irradiance of light source, distance of infant
from light source, and surface area of infant
exposed to light. Side effects of phototherapy are
minimal and include concerns about light toxicity
to the retina, increased insensible fluid loss, bronze
baby syndrome, and risk of overheating.

2. Exchange transfusion is indicated for immediate
treatment of severely jaundiced infants at risk of
developing kernicterus. A double volume blood
exchange transfusion replaces nearly 85% of the cir-
culating red blood cells and lowers serum bilirubin
by 50%. The overall mortality is reported to be about
0.3% and significant morbidity occurs in 1-5% of
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the patients. In addition, exchange transfusion carries
the usual risks of any blood product transfusion.

3. Pharmacologic treatment is not used commonly. Tin
and zinc metalloporphyrins have been shown to
inhibit enzymes necessary for heme breakdown and
can reduce bilirubin production; however, further
clinical trials on efficacy and safety are required.
Intravenous immunoglobin (IVIG) administration
soon after birth can also reduce hemolysis and biliru-
bin production in patients with isoimmune hemolytic
jaundice. Phenobarbital can increase bilirubin elimi-
nation by induction of microsomal enzymes in liver.
Because it takes 3—7 days to be effective, it is not
helpful in the management of majority of infants
with unconjugated hyperbilirubinemia.
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CONSIDERATIONS IN THE FIRST
HOURS OF LIFE

* A term fetus swallows approximately 750 mL of
amniotic fluid per day.

» Congenital abnormalities of the gastrointestinal (GI)
tract should be suspected when polyhydramnios or
bile-stained amniotic fluid exists.

* Shortly after birth, patency of the esophagus is con-
firmed during delivery room suctioning or during the
first feeding. If a baby has difficulties handling oral
secretions, feedings, or has significant emesis, an oro-
gastric tube should be placed and x-ray taken to rule
out esophageal atresia.

¢ With the occurrence of intestinal transit, air distrib-
utes throughout the GI tract unless a congenital
obstruction is present. Concurrently, bacterial colo-
nization occurs.

FEEDING THE PREMATURE INFANT

* The premature infant (especially when extremely pre-
mature) is born during the gestational period when
body growth rate is at its highest. Nutrients are ade-
quately provided in utero. Therefore, the preterm
infant has a higher requirement of many nutrients, and
these need to be provided as soon as possible after
birth.

If the infant is too small or too ill to tolerate enteric
feeds, early parenteral nutrition with adequate calo-
ries, protein, and lipids should be provided.
Prolonged fasting causes intestinal atrophy and intes-
tinal dysmotility, and should be avoided when possi-
ble. There is evidence that early introduction of
“minimal enteral feedings” (20 mL/kg/day) is well tol-
erated even in very preterm infants, and may provide a
strategy to maintain intestinal integrity until feedings
can be advanced as the primary source of nutrition.

* As soon as the infant is stable, enteral feeds are typi-
cally initiated at 10-20 mL/kg/day divided into 8—12
feeds. Breast milk is generally preferred over propri-
etary formulas. Enteral feeds are slowly advanced as
tolerated by 10-20 mL/kg increments up to 140-160
mlL/kg/day.

Once full volumes of feeds are tolerated, “human milk
fortifier” is added to the breast milk or the infant is
given a 24 cal/oz premature formula. Fortifiers and
premature formulas provide the growing premature
infant with additional calories, proteins, calcium, and
phosphorus to fulfill their higher needs compared to
the full-term infant.

There is conflicting evidence whether faster increases
in volume augment the risk for necrotizing enteroco-
litis (NEC). In most infants, continuous feedings do
not have advantages over bolus feeds. Transpyloric
feeds are usually avoided, since they bypass the duo-
denum where up to 20-25% of sugars and fats are
reabsorbed.

Until coordination of suck and swallow occurs (gen-
erally between 32 and 34 weeks gestational age),
preterm infants will be mostly gavage-fed through an
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orogastric tube. When the infant is adequately rooting,
bottle-feeding or breastfeeding may be cautiously
attempted and advanced as tolerated.

GASTROESOPHAGEAL (GE) REFLUX

* GE reflux is usually a self-limited condition charac-
terized by effortless postprandial regurgitations,
which usually resolve spontaneously over time.
Treatment is indicated when respiratory problems,
such as apnea, persistent oxygen requirement, recur-
rent infections, airway inflammation, laryngomalacia,
or esophagitis are present.

* Treatment includes prone positioning with the head
elevated, small frequent feedings, thickening of the
feeds with rice cereal or use of antireflux formulas with
rice starch (Enfamil AR), metoclopramide (0.1-
0.2 mg/kg/dose q 6 hours) and zantac (1 mg/kg/dose q
12 hours).

* Regurgitations should be differentiated from vomit-
ing: An infant who vomits should be investigated
urgently to rule out a small bowel obstruction.

INTESTINAL OBSTRUCTION

e Symptoms include vomiting soon after feedings are
initiated. A nondistended abdomen and normal pas-
sage of meconium is commonly seen in higher GI tract
obstructions. Delayed vomiting with a progressively
distended abdomen, and delay in passing meconium is
more suggestive of a lower GI tract obstruction.

* Nongastrointestinal disorders, such as infections or
metabolic disorders can cause vomiting.

* When evaluating infants for possible intestinal obstruc-
tion, it should be remembered that intestinal ileus may
be seen in other disorders, such as sepsis. Further,
maternal treatment with magnesium sulfate prior to
delivery is a frequent cause of feeding intolerance in the
first week of life, especially in preterm infants.

* Delayed meconium passage may also indicate intes-
tinal obstruction.

1. Meconium, the first infant’s stool, is of sticky
black-greenish consistency and is an accumulation
of intestinal cells, bile, and proteinaceous material
formed during intestinal development.

2. Failure to pass meconium in the first 2 days of life
is typically seen in hypothyroidism, preterm
infants (50%), and lower intestinal obstruction,
such as Hirschsprung disease, anorectal malforma-
tions, meconium plug syndrome, small left colon
syndrome, hypoganglionosis, and neuronal intes-
tinal dysplasia.

* When intestinal obstruction is suspected, feed-
ings should be stopped, and gastric decompression
performed. IV hydration and electrolyte replacement
should be provided and broad-spectrum antibiotic
therapy initiated while ordering further investigations.

DIAGNOSTIC STUDIES

1. An abdominal x-ray might show an absence of air
distal to the level of obstruction. A double bubble
sign is seen in duodenal atresia, duodenal obstruc-
tion by an annular pancreas, a preduodenal portal
vein or a mesenteric band. Absence of air in the
rectum is seen in Hirschsprung disease. Calcified
extraluminal meconium is pathognomonic for
meconium ileus.

2. In cases of malrotation with midgut volvulus, an
upper GI will show an obstructed distal duodenum,
an abnormally positioned ligament of Treitz and
sometimes the classic “corkscrew” entry into the
volvulus complex.

3. Barium enema will identify a functional micro-
colon in intestinal atresia, meconium ileus, and
total colonic aganglionosis. In meconium ileus, it
might identify characteristic pellets of meconium.

* Specific Etiologies of Intestinal Obstruction:

1. Malrotation of the midgut with volvulus is a surgi-
cal emergency. If not treated promptly, ischemic
gangrene of the small intestine develops rapidly. In
80% of malrotations, symptoms will develop
within the first month of life. The typical presenta-
tion is with sudden onset of bilious vomiting with
or without bloody stools in a previously well
neonate with only minimal other physical findings.
Sometimes, pain or a shock-like syndrome is pres-
ent. The diagnosis is made by an upper GI series.
Barium enema has a 10-20% rate of false-negative
results because of normally positioned cecum.
When suspected, the infant should undergo prompt
surgical exploration and treatment.

2. Hirschsprung disease or congenital aganglionic
megacolon is the congenital absence of ganglion
cells in the Meissner and Auerbach plexus with
absence of parasympathetic innervation to the distal
intestine. In most cases, it is limited to the rectum
and the recto-sigmoid. In 10% of the cases, it extends
to the whole colon, or more rarely, to the entire GI
tract. Its incidence is 1 in 5000 births, and it is more
common in males. It is almost never seen in preterm
infants. The most frequent mode of presentation is
the failure to pass meconium within 24-48 hours.
Other symptoms include abdominal distension, diar-
rhea, foul smelling stools, and failure to thrive. The
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most severe complication of Hirschsprung disease is
acute bacterial enterocolitis, characterized by severe
abdominal distension, vomiting, bloody stools, and
sepsis-like symptoms. Its mortality rate varies
between 20 and 25%. The diagnosis of Hirschsprung
disease is suggested by barium enema and confirmed
by rectal biopsy. Rectal irrigations and anal dilation
help maintain gastrointestinal transit until surgical
treatment can be performed.

. Duodenal, jejunal, or ileal atresia: Symptoms will
vary depending on the level of the obstruction.
Duodenal obstruction (atresia/stenosis/web/annu-
lar pancreas) presents with bilious emesis within
the first day of life. The diagnosis is suspected on
the basis of abdominal x-rays; a postnatal abdomi-
nal radiograph shows dilated stomach and duode-
num (double bubble sign). Duodenal atresia is
frequently associated with trisomy 21. The diagno-
sis can be confirmed by an upper GI contrast study
showing complete vs. partial obstruction because of
stenosis. Gastroesophageal reflux is common after
repair because of abnormal peristalsis of the duode-
num because of prolonged distension in utero.

. Imperforate anus occurs in 1:5000 births, and is
usually noted on the initial newborn examination
of the perineum, although low lesions with a per-
ineal fistula or anterior ectopic anus may be more
difficult to discern. An abdominal radiograph is
usually the only radiologic test that is needed.
Placing the patient in a knee-chest position for ~30
minutes before taking a cross-table radiograph
may help determine the severity of the malforma-
tion and aids in surgical planning. Cardiovascular
malformations occur in up to 25% of patients. Low
lesions in males may be repaired primarily. In
males with high lesions and females, a diverting
colostomy is usually performed with a pull-
through operation at a later date.

. Meconium ileus is usually because of midileal
obstruction by thick hyperviscous meconium, and
occurs in 10-15% of patients with cystic fibrosis. It
might be simple or complicated by volvulus, intes-
tinal necrosis, perforation, meconium peritonitis, or
meconium pseudocyst. Meconium plug syndrome is
an obstruction of the distal colon by a large white
meconium plug. It is most commonly seen with pre-
maturity, magnesium intoxication (maternal treat-
ment), and in infants of diabetic mothers;
hypothyroidism and Hirschsprung disease should
also be considered. In both conditions, an enema
with water-soluble contrast (gastrograffin) is diag-
nostic, and therapeutic in helping to initiate the pas-
sage of meconium. Repeated enemas are sometimes
required. When this fails or when complicated

meconium ileus exists, surgical intervention is
required. As meconium ileus has nearly 99% asso-
ciation with cystic fibrosis, a sweat test and or
genetic testing should be performed to rule out
cystic fibrosis.

ESOPHAGEAL ABNORMALITIES

* Esophageal atresia occurs in 1:2500 infants. Ap-

proximately 30% have associated cardiac disease,

and 20% have associated VACTERL Syndrome

(Vertebral anomalies, Anal atresia, Cardiac anomalies,

TracheoEsophageal anomalies, Renal anomalies,

Limb anomalies). Fetal ultrasonography showing

polyhydramnios and dilated proximal esophagus can

suggest esophageal atresia.

Esophageal atresia should be suspected in newborn

infants with excessive salivation, or who have choking

or emesis with first feeding. The diagnosis is confirmed
by the inability to pass an orogastric tube beyond sev-
eral centimeters as confirmed by a chest x-ray.

1. Esophageal atresia is most commonly associated
with associated distal tracheoesophageal fistula
(type C), which allows air to enter the rest of the
gastrointestinal tract.

2. Isolated esophageal atresia is more commonly
associated with syndromic anomalies.

3. Short segment atresia is usually repaired in the
neonatal period.

ABDOMINAL WALL AND
UMBILICAL DEFECTS

* Omphalocele is a herniation of abdominal contents
(including intestines, stomach, liver, and spleen) into
the umbilical cord, covered by parietal peritoneum.
Omphalocele occurs in ~1:4000 infants and ~50% of
cases have associated anomalies/chromosomal abnor-
malities (especially with large defects).

1. Omphaloceles result from incomplete return of
abdominal contents into the abdominal cavity
during first trimester. Antenatally, they may be sus-
pected by elevated maternal serum alpha fetal pro-
tein (AFP) and can be diagnosed by fetal
ultrasonography.

2. Omphalocele is always associated with intestinal
malrotation and may be associated with epigastric
(Pentalogy of Cantrell) or hypogastric (cloacal
exstrophy) defects.

3. Large omphaloceles that cannot be closed primarily
may require staged closure within 1 week to pre-
vent compression of abdominal contents resulting
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in ischemia. Alternatively, the covering sac can be
covered by a desiccating agent allowing the ventral
hernia to mature, and surgical repair delayed until
the abdomen is large enough to accommodate the
herniated structures.

* Gastroschisis is a herniation of abdominal contents
through an umbilical defect; 99% occur to the right of
the umbilicus. Gastroschisis occurs in 2-5 per 10,000
infants, and is only rarely associated with chromoso-
mal abnormalities. Its rate of occurrence may be
increasing.

1. Gastroschisis is thought to be because of a vascular
accident leading to incomplete closure of abdomi-
nal wall, and is associated with ~10% incidence of
intestinal atresias. Gastroschisis may be suspected
by elevated maternal AFP during pregnancy and
can be diagnosed by fetal ultrasonography.

2. Delivery room management includes immediate
decompression of the GI tract, prevention of fluid
loss by wrapping saline-soaked gauze around the
defect, and avoiding compromise of the mesenteric
circulation.

3. Gastroschisis may often not be closed primarily,
necessitating staged reduction using a silo. Closure
within a 1-week period will decrease the risk of
bacterial sepsis.

NECROTIZING ENTEROCOLITIS (NEC)

* NEC is a disease that occurs primarily in premature
infants, and affects between 4 and 22% of infants with
birth weights less than 1500 g. Its etiology is multi-
factorial, and risk factors include infectious
agents/toxins, enteral alimentation, bowel ischemia or
hypoxia, and prematurity.

1. Although more common in premature infants, NEC
can also be observed in term babies. In the term
infant, NEC has been associated with polycy-
themia, gastroschisis, and congenital heart disease.

2. Initial symptoms vary and may include feeding
intolerance, increased gastric residuals, abdomi-
nal distension, bloody stools, apnea, lethargy,
temperature instability, or hypoperfusion.

3. Early on, the physical examination may reveal
localized abdominal tenderness and decreased
reactivity to stimulation. Poor color with
decreased perfusion might be noted.

4. Abdominal x-rays are the radiographic study of
choice. Serial studies help assess disease progres-
sion. Pneumatosis intestinalis is a linear bubbly
pattern observed within the bowel wall and is
diagnostic of NEC. Portal venous air might be
seen in the most severe cases. In many cases, the

x-ray remains nondiagnostic, but may be notable
for a persistent abnormal gas pattern, a localized
dilated loop of bowel, or thickened bowel loops.

. When intestinal perforation is present, a pneu-

moperitoneum may be seen on x-ray; however, on
supine films, findings may limited to a “football
sign,” which is a subtle lucency over the liver
shadow. Decubitus films are preferred for the
detection of free air and are recommended at every
evaluation.

. NEC is a systemic illness, and should be evalu-

ated with this in mind. Thrombocytopenia,
anemia, neutropenia, electrolyte imbalance,
metabolic acidosis, hypoxia, or hypercapnia
often develop and the complete blood count
(CBC), electrolytes, and blood gases need to be
monitored closely. As NEC is associated with
bacteremia in 11-37% of infants, blood cultures
need to be obtained.

. Treatment should be undertaken without delay as

soon as NEC is suspected. Treatment includes early
bowel decompression by effective nasogastric tube
suction, prompt broad-spectrum antibiotic coverage
(ampicillin, an aminoglycoside, and anaerobic cov-
erage), correction of thrombocytopenia and coagu-
lation defects, pain control, and early parenteral
nutrition. Endotracheal intubation and mechanical
ventilation are frequently necessary because of
apnea and to allow proper bowel decompression.
Repeated isotonic fluid boluses (normal saline or
fresh frozen plasma [FFP]) are often necessary in
the first 48—72 hours to compensate for the tremen-
dous amount of third spacing associated with NEC,
and to maintain intravascular volume and adequate
mesenteric perfusion. Low dose dopamine (2-3 g/
kg/minute) is sometimes used in an attempt to
improve mesenteric perfusion.

. Pain control is important, and a fentanyl drip of

2-4 ug/kg/hour is often used. Limiting infant han-
dling and administering additional bolus doses of
fentanyl prior to necessary handling will keep the
infant as comfortable as possible. Maintaining the
infant on a radiant warmer allows close observa-
tion of the infant while avoiding hypothermia.
Central venous line access and parenteral nutrition
with adequate protein and calories is essential to
provide substrate for bowel healing.

. Surgical intervention is indicated if bowel perfo-

ration is suspected (pneumoperitoneum on x-ray)
or if there is clinical deterioration despite med-
ical management. While this intervention usually
entails exploration, resection of necrotic bowel,
and bowel diversion, some surgeons advocate for
the use of peritoneal drainage in infants <1000 g.
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10. NEC complications include short bowel syn-
drome, intestinal strictures, and central line and
total parenteral nutrition (TPN)-related compli-
cations, such as cholestasis and nosocomial
infections.

11. NEC mortality ranges from 10-30% and is the
result of refractory shock, disseminated intravascu-
lar coagulation, multiple organ failure, intestinal
perforation, sepsis, or extensive bowel necrosis.
Some infants have late mortality because of com-
plications of short bowel syndrome.

DIARRHEA

¢ Loose stools are common in breast-fed infants, and
are not necessarily a sign of disease. Conditions
associated with neonatal diarrhea are detailed in Table
24-1. It should be remembered that rotaviral illness is
uncommon during the neonatal period, although
asymptomatic shedding of the virus is possible.

* The initial evaluation includes stool examination and
culture for viral, parasitic, and bacterial agents, stool
reducing sugar content, osmolarity measurement, and
a CBC.

* When cow’s milk protein allergy is suspected, changing
to a hydrolyzed formula (e.g., Pregestimil, Nutramigen,
or Alimentum) will result in improvement of the symp-
toms. It should be remembered that soy protein is also
highly sensitizing.

* Diarrhea is commonly seen after surgical resection of
the intestine in the neonatal intestine. Many factors
may lead to diarrhea in this setting, and the length of
intestine resected is not always predictive. In general,
infants with an intact ileocecal valve and an intact
colon do best. In protracted diarrhea, elemental infant
formula given continuously by nasogatric feeding
may be tolerated, with the nutritional complement
given by parenteral nutrition. The rate of enteral feeds
is slowly increased over weeks and parenteral nutri-
tion slowly tapered.

HEMATEMESIS

* Hematemesis is most commonly due to swallowed
maternal blood. In these cases, an Apt test (alkaline
denaturation) of the bloody fluid might confirm the
presence of adult hemoglobin. The bloody fluid is
mixed with H,O in approximately a 1:5 ratio and then
centrifuged. One milliliter of 1% sodium hydroxide is
added to 4 mL of the pink supernatant. If the color
changes to yellow-brown, it is maternal blood (HbA).
If the color stays pink, it is fetal blood (HbF).

Table 24-1 Conditions Associated With Neonatal Diarrhea

Infectious gastroenteritis

Physical or chemical agents
Antibiotics
Dietary errors: overfeeding, inappropriate dilution of formula
Phototherapy related

Specific enzymatic or biochemical deficiency
Lactase deficiency
Monosaccharide malabsorption (glucose and galactose)
Fatty acid malabsorption
Abeta-lipoproteinemia
Chylomicron retention disease
Wolman disease
Intestinal lymphangiectasia
Congenital chloride diarrhea

Generalized, congenital enterocyte disorders
Microvillus inclusion disease
Intestinal epithelial dysplasia (Tufting disease)

Congenital abnormalities of the intestine
Hirschsprung disease
Neuronal intestinal dysplasia
Malrotation, intestinal stenosis, duplication

Acquired defects of the intestine
Short gut syndrome
NEC

Abnormalities of pancreatic secretion
Cystic fibrosis
Schwachman disease

Abnormalities of liver function
Neonatal hepatitis
Biliary atresia
Congenital cholestatic syndromes

Immunologic disorders

Hormonal disorders
Neural crest tumors
Congenital adrenal hyperplasia
Hyperthyroidism

Inflammatory and allergic disorders
Milk protein allergy

* Gastric bleeding can be caused by stress ulceration,
hemorrhagic gastritis because of anti-inflammatory
agents (e.g., steroids), gastric volvulus, duplications,
and hiatal hernia. Congenital clotting disorders, such
as DIC, liver disease, and vitamin K deficiency, may
present with gastric bleeding and may be identified by
coagulation studies.

e Treatment includes the administration of vitamin K,
FFP, placement of a nasogastric tube, and pharmaco-
logic treatment with H, blocking agents.

RECTAL BLEEDING

* Isolated rectal bleeding is most commonly seen in in-
fants with anal or rectal fissures or swallowed maternal
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blood. In more than 50% of infants, no cause can be
identified and the bleeding resolves spontaneously.

* Bloody stools, feeding intolerance, and abdominal
distension are seen with NEC, malrotation with
midgut volvulus, Hirschsprung disease, and intestinal
duplication.

* Bloody diarrhea might be seen with infectious diar-
rhea, or by colitis induced by milk protein allergy
(cow’s milk or soy protein).

NEONATAL CHOLESTATIC JAUNDICE

» Neonatal cholestasis is defined as a pathologic state of
reduced bile formation or flow. It is never normal and
should always be investigated. Symptoms are jaun-
dice, hepatomegaly, pale (acholic) stools, and dark
urine. Direct hyperbilirubinemia is defined by a conju-
gated bilirubin level over 2 mg/dL, or a value greater
than 15% of the total bilirubin level.

* Parenteral nutrition is the most common cause of
cholestasis in the newborn requiring NICU care. It is
also seen following intrauterine infections, such as
CMV, rubella, toxoplasmosis, excessive bilirubin load
from hemolytic disease (inspissated bile syndrome),
and anatomic disease caused by biliary atresia, chole-
dochal cyst, and biliary hypoplasia. It is more rarely
because of metabolic disorders, such as galactosemia,
alpha-1 antitrypsin deficiency, cystic fibrosis,
tyrosinemia, or neonatal hemachromatosis. Other rare
causes include inborn errors of bile acid metabolism,
hereditary fructose intolerance, and storage diseases
(Niemann-Pick and Gauchers disease).

* Diagnostic tests include alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase, bilirubin (total and direct), PT, PTT, and
albumin. An abdominal ultrasound is useful to rule
out gallstones or a choledochal cyst.

* When cholestasis occurs, the diagnosis of extrahepatic
biliary atresia needs to be excluded as soon as possible,
as early surgical intervention (6—10 weeks of age) is
more likely to be successful. Biliary nuclear medicine
imaging with hepatoiminodiacetic acid (HIDA scan) is
used to differentiate between obstructive causes, such
as biliary atresia and hepatocellular cholestasis. When
the diagnosis of biliary atresia cannot be excluded
before 60 days of life, surgical exploration is necessary,
with perioperative cholangiogram and liver biopsy.

* Therapy depends on the underlying cause. The use of
choleretic agents, such as phenobarbital or cholestyra-
mine and ursodeoxycholic acid (20-30 mg/kg/day)
may increase biliary flow and improve cholestasis.
Supplementation of the fat-soluble vitamins A, D, E,
and K is necessary.

FULMINANT HEPATIC NECROSIS

* Causes of acute liver failure in the neonate include
viral infections (echovirus, herpes, enterovirus), meta-
bolic diseases (galactosemia, tyrosinemia, Niemann-
Pick type A, respiratory chain defects, neonatal
hemochromatosis, peroxisomal diseases), and
asphyxia.

* Manifestations include jaundice, encephalopathy,
hypoglycemia, coagulopathy, and hyperammone-
mia. Although liver enzymes are usually elevated
during the acute phases of illness, normalization
may occur due to hepatocyte necrosis rather than
true improvement.

* Infants with acute liver failure should be immediately
admitted to an intensive care facility. Treatment
includes support of circulation and respiration, cor-
rection of hypoglycemia, replacement of coagulation
factors, blood product transfusions, management of
associated hyperammonemia and renal failure, and
correction of electrolyte disturbances.

* Early involvement of a gastroenterologist is important
in determining whether liver transplantation should be
considered.
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2 5 NEUROLOGIC CONDITIONS
IN THE NEWBORN

Maria L.V. Dizon, Janine Y. Khan, and
Joshua Goldstein

EMBRYOLOGY AND MALFORMATIONS

* Brain development commences very early in gesta-
tion. Myelination begins around birth and continues
for many years postnatally. Disruption at any point in
antenatal or early postnatal development potentially
disrupts subsequent neural development.

NEURAL TUBE DEFECTS

* Prenatal diagnosis is made through prenatal ultra-
sound, and by elevated maternal serum alpha fetal
protein (AFP) and elevated amniotic fluid AFP. At
birth, if the defect is open, blood cultures should be
sent and antibiotics started.

* Head imaging should be obtained to define intracra-
nial anatomy (and extracranial anatomy in the case of
encephalocoele) and ventricle size.

* Etiology is multifactorial as suggested by increased
incidence amongst the Irish, with extremes of mater-
nal age, with low socioeconomic status (SES), with
affected siblings, and with folic acid deficiency.

* Myelomeningocoele is associated with retinoic acid
and vitamin A excess.

* It is controversial whether the prenatal diagnosis of a
neural tube defect is an indication for Caesarian sec-
tion.

* Qutcome: Seizures and/or epilepsy are expected if
there is also cortical dysplasia. Motor deficits are
expected especially with myelomeningocoele. Some
degree of mental retardation is common.

ANENCEPHALY

* This malformation results from failure of anterior
neural tube closure during primary neurulation.
Incidence is 0.3 per 1000 live births. The skull is
incompletely closed with an exposed, severely mal-
formed forebrain and upper brainstem. The defect
may extend from lamina terminalis to foramen
magnum with supraciliary frontal, parietal, squamous,
and occipital bones missing. Brain tissue is hemor-
rhagic, fibrotic, degenerated, with ill-defined struc-
ture. Facies are frog-like.

* Most anencephalics are stillborn or die in the neona-
tal period. They can survive longer with supportive

care; however, they remain in a permanent vegetative
state. As there is no specific treatment, the goal is
comfort. Comfort care may or may not include feed-
ing depending on parents, the neonatologist, and local
ethics. Debate continues whether organ donation by
these neonates is appropriate.

ENCEPHALOCOELE

* This is a less severe failure of anterior neural tube clo-
sure. A mass of neural tissue that may or may not be
skin-covered extrudes through a skull defect that is
usually occipital and midline, but it can also be tem-
poral, parietal, or from the nasal cavity. The protrud-
ing tissue may include normal or dysplastic meninges,
cerebral cortex, subcortical white matter, parts of the
ventricular system, and bone.

Malformations may also occur in the intracranial
brain; this is more likely with giant encephalocoeles.
Associated malformations include Arnold-Chiari mal-
formation, aqueductal stenosis, and hydrocephalus.
Encephelocoeles may occur as part of Meckel
syndrome (occipital encephalocoele, microcephaly,
micropthalmia, cleft lip and palate, polydactyly, poly-
cystic kidneys, and ambiguous genitalia). Incidence is
0.15 per 1000 live births.

e Half of infants with encephalocoeles have mental
retardation, although outcome is more favorable for
anterior encephalocoeles. If protruding tissue includes
occipital lobes then cortical blindness is likely.
Treatment is surgical and is urgent if there is cere-
brospinal fluid (CSF) leakage or inadequate skin
coverage. Excision/closure may be adequate or
ventriculoperitoneal shunting may be necessary.
Antibiotics are given until the defect is closed.

MYELOMENINGOCOELE

* Myelomeningocoele results from later failure of poste-
rior neural tube closure. It is controversial whether it is
a primary defect or secondary to reopening of an already
closed neural tube because of increased hydrostatic
pressure. Incidence is 0.41-1.43 per 1000 live births.
The defect is on the back, and usually caudal, although
thoracolumbar, lumbar, or lumbosacral defects exist.
The defect includes meninges and dysplastic spinal
cord; the vertebral arches are not fused or absent.
These elements may or may not be contained in a sac.
All lumbar myelomeningocoeles are associated with
Arnold-Chiari malformation and aqueduct stenosis.
Initial treatment includes prone positioning, so that no
pressure is applied to lesion. If hip contractures are
significant, a platform of blankets may be created to
accommodate hip flexion/knee extension. The lesion
should be covered with sterile saline-moistened
Kerlex or Telfa followed by plastic wrap.
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* Up to 50% of children with myelomeningocele may
be latex sensitive. Avoid exposing the baby to any
latex.

* At birth, the baby may demonstrate apnea caused by
brainstem compression; intubation may be necessary.

* Initial physical examination should focus on the head
circumference, anterior fontanelle, sutures, reactivity
of pupils, level of lesion, spontaneous movement of
extremities, withdrawal to soft touch and deep pres-
sure, Babinski sign, cremasteric reflex, anal wink,
anal tone, and strength of urinary stream. A normal
head circumference does not predict absence of
hydrocephalus, and the risk for hydrocephalus
increases with higher lesions.
Treatment is surgical closure with or without place-
ment of a ventriculoperitoneal shunt within 24-48
hours. Most infants develop hydrocephalus by 6 weeks
if a shunt is not placed at the time of repair. Follow
head circumference closely after surgery and use
neuroimaging postoperatively to reassess ventricular
size.

Children with neural tube defects experience a high

rate of urinary tract infections, vesicoureteral reflux,

kidney failure, hydronephrosis, and obstruction. Most
are not continent of urine. Once stable postopera-
tively, obtain urodynamic studies.

In general, children with lesions above L2 usually

require wheelchairs and have significant scoliosis,

while children with lesions at or below L4-5-ambula-
tion will usually ambulate. Early physical therapy
should be provided.

Cognitive outcome is, in part, influenced by hydro-

cephalus, central nervous system (CNS) infections,

and degree of impairment. In most series, 30—40% of
the children with myelomeningocele had intelligence

quotients less than 80.

DISORDERS OF PROSENCEPHALIC CLEAVAGE

* These disorders are listed below in the order of failure

of prosencephalic cleavage, and should be suspected

if other midline defects are seen. Apnea may be seen

at presentation. As the pituitary may be absent, urine

output and electrolytes should be followed.

Prenatal diagnosis is possible by sonography, but less

severe defects can be missed.

* There is no specific treatment for the most severe
cases other than antiseizure medications, physical
therapy, and special education.

HOLOPROSENCEPHALY
* This is extreme failure of prosencephalic cleavage at
fifth to sixth week with an incidence of 1 per 15,000 live

births. There is a single-sphered brain structure with a
common ventricle, absent olfactory bulbs, hypoplastic
optic nerves, and cerebral cortical dysplasia. The third
ventricle is distended into a large posterior cyst.

¢ Facial deformities are common, and include micro-
cephaly, midface hypoplasia, and hypotelorism. In
severe cases, there may be a single eye (cyclopia),
severe nasal deformities, cleft lip and palate, or single
maxillary central incisor. The face may appear normal,
and this finding does not rule out holoprosencephaly.

* Abnormalities of other organ systems (cardiac, geni-
tourinary) occur in ~75% of cases. Etiology is genetic.
As many as 50% of cases have chromosomal abnor-
malities, and holoprosencephaly should prompt eval-
uation for trisomy 13. An autosomal dominant variety
exists, and careful examination of the parents may be
helpful. Holoprosencephaly occur in up to 2% of
infants of diabetic mothers.

* Qutcome is extremely poor with mental retardation,
seizures, spasticity, and anosmia. A large posterior
cyst requires shunting.

AGENESIS OF THE CORPUS CALLOSUM

* This is a less severe disorder of prosencephalic devel-
opment between 9 and 20 weeks. The incidence is
4 per 1000 live births.

* Agenesis may be complete or partial; in partial
defects, the posterior aspect is deficient. It may be iso-
lated or associated with encephalocoele, holoprosen-
cephaly, pachygyria, and lissencephaly.

* It is associated with Aicardi syndrome, which includes
agenesis of corpus callosum, chorioretinal lacunae,
infantile spasms, and mental retardation. This syn-
drome is X-linked dominant, so it is seen in females
and is lethal in males.

ABSENCE OF THE SEPTUM PELLUCIDUM

* This is a primary disorder of prosencephalic develop-
ment or can occur as a secondary disorder because of
destruction by hydrocephalus or ischemia. It rarely
occurs as an isolated anomaly, and is associated with
schizencephaly, basilar encephalocoele, and hydro-
cephalus because of Arnold-Chiari/aqueductal steno-
sis.

* Septo-optic dysplasia is the most important association.
This syndrome includes absence of the septum pellu-
cidum, optic nerve hypoplasia, absent or hypoplastic
pituitary, neuronal migration disorders, and cerebellar
anomalies.

» Spastic diplegia, seizures, endocrine deficiencies
(including panhypopituitarism), visual defects, ataxia,
and cognitive defects may be seen.

* Treatment includes hormone replacement for endo-
crine deficiencies.
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DISORDERS OF NEURONAL MIGRATION

* These disorders result from abnormal neuroblast
migration and are listed in order of earliest onset to
latest although there is overlap of these diseases.
Clinically, spastic diplegia, seizures, visual problems,
epilepsy, and mental retardation are frequent.

* Prenatal diagnosis by ultrasound cannot be made until
the latter half of gestation when gyri become visible.
Postnatally, magnetic resonance imaging (MRI) best
defines anatomy. Electroencephalogram (EEG) and
evoked potential testing may be helpful.

* Schizencephaly: This is the most severe defect, and is
characterized by a deep cleft in the brain at the posi-
tion of the Sylvian fissure that extends from pial sur-
face to ventricle. It is believed to be the result of a
primary problem in neuroblast migration between 8
and 16 weeks, although it has been associated with
infarction of the middle cerebral artery during the
second to third trimester. Cocaine exposure may con-
tribute.

* Lissencephaly: This disease is characterized by a
smooth appearance of the brain because of abnormal
neuroblast migration and subsequent abnormal cortical
gyration. Two anatomic types exist. Many cases are
associated with chromosomal abnormalities (chromo-
some 17 and X chromosome).

* Treatment includes antiseizure medication, physical
therapy, and special education.

HYDROCEPHALUS

» This is the progressive enlargement of ventricles
caused by disruption of the CSF circulatory system
(development starts at 6 weeks). Prenatal diagnosis
may be made by ultrasound. Fetal onset of hydro-
cephalus is more commonly associated with worse
severity and with other brain abnormalities.

* Hydrocephalus differs from hydranencephaly, which
is an almost entirely fluid-filled brain with very little
parenchyma because of necrosis early in gestation.
Synonyms for hydranencephaly are porencephaly and
multicystic encephalomalacia.

* Etiologies are heterogeneous.

1. Aqueductal stenosis accounts for one-third of cases
of congenital hydrocephalus. While most cases are
not familial, an X-linked variety exists that is asso-
ciated with flexion deformity of the thumbs and
mental retardation.

2. Chiari malformation is a condition in which the
cerebellum portion of the brain protrudes into the
spinal canal. The type II Chiari malformation is
associated with myelomeningocele, and nearly 90%

of these infants will require a ventriculoperitoneal
shunt.

3. Communicating or nonobstructive hydrocephalus
occurs when no obstruction to the CSF pathways
can be identified. It may result in malfunction of
arachnoid villi, and is most commonly seen fol-
lowing intraventricular hemorrhage. Congenital
infections may produce hydrocephalus through
inflammation of the arachnoid villi. This type may
be associated with a higher IQ than other causes of
hydrocephalus.

4. Dandy-Walker malformation accounts for 5-10%
of congenital hydrocephalus, and is characterized
by cystic dilatation of the fourth ventricle and age-
nesis of the cerebellar vermis. Other CNS abnor-
malities (e.g., migrational disorders) are seen in
68% of patients.

DISORDERS OF HEAD SIZE AND SHAPE

* Head circumference is a good proxy for brain volume
and growth. It should increase by 1 cm/week in term
and 0.5 cm/week in preterm neonates. Excessive
increases or decreases in head circumference should
prompt investigation.

Macrocephaly is usually isolated and the most
common type is autosomal dominant. Measuring
parental head circumference is helpful. Consider head
imaging to rule out other etiologies.

Microcephaly also may be familial but is more worri-
some than macrocephaly. It is a common feature of
intrauterine infections and/or syndromes associated
with mental retardation. Evaluation should include
evaluation for infectious etiologies, karyotype, head
imaging, and eye examination.

Craniosynostosis is the premature fusion of one or
more cranial sutures. It causes abnormal head shape
before or after birth. Some cases occur with complex
syndromes.

PERINATAL HYPOXICISCHEMIC
ENCEPHALOPATHY (HIE)

* HIE should be considered a syndrome, with a number
of features that evolve over time. Common events
preceding or associated with HIE are depressed
Apgar scores, cord blood acidosis, and seizures. The
principal underlying mechanism is impairment in
cerebral blood flow because of interruption of pla-
cental blood flow and gas exchange, resulting in
diminished delivery of oxygen and energy substrates
to neuronal cells.
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* Asphyxia combines a deficit in energy supply
(hypoxemia and ischemia) with tissue accumulation
of by-products of metabolism (hypercapnea and lactic
acidosis). Reduction in cerebral blood flow and
oxygen delivery initiates a cascade of adverse bio-
chemical events resulting in a change from aerobic to
anaerobic metabolism. These events represent a pri-
mary phase of energy failure. Following intrapartum
asphyxia, resuscitation results in reperfusion with
restoration of cerebral blood flow, oxygenation, and
metabolism. HIE is an evolving process in which irre-
versible neuronal injury may occur over a period of
6—48 hours. Cerebral metabolism deteriorates in a
secondary phase of energy failure and brain injury.
Energy failure results in impaired uptake of gluta-
mate, the major excitatory neurotransmitter in the
brain, causing excitatory amino acid (EAA) receptor
overactivation. Extracellular accumulation of gluta-
mate causes activation of N-methyl-D-aspartate
(NMDA) and AMPA receptors expressed on neurons,
increasing the permeability of the neuronal cell to
sodium and calcium influx. These events produce cel-
lular edema.
Severity of the secondary energy failure correlates
with adverse neurodevelopmental outcome at 1 and 4
years of age. These events may be measured by mag-
netic resonance spectroscopy: findings include a
decrease in the ratio of phosphocreatine/inorganic
phosphate, depletion of high-energy phosphates, and
accumulation of lactate.
* Five major neuropathologic patterns have been
described:

1. Parasagittal cerebral injury is the major ischemic
lesion in term infants. It results from a distur-
bance in cerebral blood flow, and affects the
watershed areas corresponding to the border
zones between the anterior and middle cerebral
arteries and the middle and posterior cerebral
arteries. Pathologic findings are characterized by
necrosis of the cortex and subjacent white matter,
especially the parietal-occipital region and sub-
cortical white matter. The injury is typically bilat-
eral and symmetrical. The outcome is poor with
spastic quadriplegia.

2. Focal and multifocal ischemic brain necrosis is
more common in term infants. The middle cerebral
artery is most commonly affected. Necrosis is fol-
lowed by cyst formation (porencephaly, multicystic
encephalomalacia). Outcome may include hemiple-
gia or quadriplegia.

3. Selective neuronal necrosis is a common injury
pattern in infants who sustain a hypoxic-ischemic
injury in the postnatal period, and is secondary to
oxygen and glucose deprivation followed by

reperfusion. Neuronal injury is most prominent in
the watershed areas of the cerebral cortex and
sulci. Long-term sequelae include mental retarda-
tion, spasticity, ataxia, and seizures.

4. Periventricular leukomalacia is a major ischemic
lesion in preterm infants, consisting of white
matter necrosis involving the frontal horn of the
lateral ventricles, optic and acoustic radiations.
The long-term sequelae include spastic diplegia
and quadriplegia.

5. Status marmoratus is the least common type of
injury. It is predominantly found in term infants,
and involves the basal ganglia and thalamus.
Survivors may exhibit chorea, athetosis, and cog-
nitive deficits.

CLINICAL FEATURES

* It has been traditionally difficult to define perinatal
asphyxia. Findings of infants at risk for HIE include
an umbilical arterial blood gas pH <7.0, 5-minute
Apgar of <3, or continued need for delivery room
resuscitation for 210 minutes.

* A determination of prognosis is difficult, although
this is the most eagerly sought information by the
family and care providers for the infant with HIE.
The markers for perinatal depression mentioned
above may also be indicators of prognosis, to the
extent that they indicate severity of injury. For
instance, CNS sequelae are more likely when there is
severe cord blood acidosis, or a poor response to
resuscitation.

* The sequence of clinical features of HIE develops and
becomes maximal over the first 72 hours of life. In the
first 12 hours, the level of responsiveness of the infant
may be depressed. Breathing is often depressed and
mechanical ventilation may be required; tone and
spontaneous movement may be low.

* Severity of encephalopathy and correlation with out-
come are classically described according to Sarnat
Staging:

1. Sarnat Stage I: Trritability, jitteriness, hyperalert-
ness, or mild depression in level of consciousness,
normal tone, increased reflexes, and no seizures.
Symptoms last for <24 hours and are associated
with a good outcome.

2. Sarnat Stage 2: Lethargy, decreased spontaneous
activity, hypotonia, increased reflexes, seizures,
interictal EEG abnormalities. Approximately
20-40% have neurologic sequelae, although prog-
nosis is good if recovery occurs within 5 days.

3. Sarnat Stage 3: Coma, flaccidity, impaired brain
stem function (impaired sucking, swallowing, and
gagging reflex), decreased or absent reflexes,
seizures uncommon, and abnormalities of interictal
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EEG (e.g., burst suppression). Almost all infants
have major neurologic sequelae.

* HIE is commonly associated with multiorgan dysfunc-
tion, and may affect the kidneys, heart, and liver.
Electrolyte abnormalities (particularly hyponatremia
and hypocalcemia) are common. Liver function should
be assessed with liver enzymes and coagulation testing.
The kidneys are commonly affected, and acute tubular
necrosis (ATN) or acute renal failure may occur.

* Management is primarily supportive as there are no
proven therapies for HIE. Fluid restriction may be
needed and hypoglycemia should be avoided.
Approximately 50% of affected infants will have clin-
ical seizures requiring anticonvulsant therapy.
Phenobarbital is the most common agent used. The
typical loading dose for seizures is 20 mg/kg, and
additional doses of 10 mg/kg may be provided for
breakthrough seizures, to a total of 40-50 mg/kg.
Maintenance is 3-5 mg/kg/day and serum levels
should be followed. There are experimental interven-
tions being studied to provide neuroprotection before
the onset of secondary energy failure, including pro-
phylactic high dose Phenobarbital (40 mg/kg) and
hypothermia.

NEONATAL SEIZURES

* Neonatal seizures are one of the few neurologic emer-
gencies encountered in the newborn and require
prompt diagnosis and treatment. The precise fre-
quency is unknown, but estimated to occur in 1-2% of
neonatal intensive care unit (ICU) admissions.
* Seizures represent the most frequent manifestation of
neurologic disease in the newborn and are usually
related to significant illness.
* Seizures result from excessive repetitive depolariza-
tion of neurons because of an increased influx of Na*
into neuronal cells and may be caused by disturbance
in energy production and failure of Na-K pump
(hypoxia, ischemia, hypoglycemia), alteration in the
neuronal membrane affecting Na® permeability
(hypocalcemia and hypomagnesemia), or an excess of
excitatory vs. inhibitory neurotransmitters leading to
increased depolarization.
* Causes of neonatal seizures
1. Hypoxic-ischemic encephalopathy is most
common cause; onset is usually within 24 hours
of birth.

2. Intracranial hemorrhage (ICH)—subarachnoid,
intraventricular, and subdural hemorrhages.

3. Metabolic—hypoglycemia, hypocalcemia, hypo-
magnesemia, hyponatremia, hypernatremia, hyper-
ammonemia, pyridoxine deficiency, and amino-

acidopathy. Most inborn errors of metabolism do
not present until the infant initiates feeding.

4. Intracranial infections—group B strepfococcus

(GBS), E. coli, herpes simplex (HSV), cytomega-

lovirus (CMYV), and coxsackie virus.

Drug withdrawal.

Developmental migrational disorders (see above).

7. Fifth day seizures occur toward the end of the
first week and resolve by the end of the second
week. This is a benign condition with an excellent
prognosis.

Clinical manifestations of seizures in the neonate
differ from those in the older child. Jitteriness should
be differentiated from seizures, and is characterized
by the absence of abnormal ocular movements and
cessation of abnormal movements with passive move-
ment of the limb.

1. Subtle seizures: Examples include swimming or
bicycling movements, lip-smacking, or ocular
movements.

2. Tonic seizures are usually generalized, character-
ized by tonic extension of all extremities. They are
usually associated with ocular signs or apnea, and
seen especially in preterm infants.

3. Multifocal clonic seizures are characterized by
clonic movements originating in one extremity,
and then spreading to involve other areas. These
are seen especially in term infants.

4. Focal clonic seizures are characterized by local-
ized rhythmic jerking movements, and are usually
associated with focal traumatic or ischemic injury.
These may be seen in generalized cerebral insults
including metabolic encephalopathies.

5. Myoclonic seizures are single or multiple jerks of
flexion involving the upper or lower extremities.
These can be confused with benign sleep myoclonus
in the newborn, a condition that occurs during sleep,
and is associated with a normal neurologic exami-
nation and EEG.

Recognition of seizure activity may be difficult in the

neonate because of the different clinical and EEG

findings compared to older child.

Laboratory evaluation includes glucose, sodium, potas-

sium, calcium, magnesium, and phosphorus. A com-

plete blood count and blood culture should be
performed, as well as a lumbar puncture to exclude
meningitis. A head-computed tomography (CT) scan
should be performed to exclude intracranial hemor-
rhage/infarction, and a cranial ultrasound should
be done in the preterm infant to exclude intraventricular
hemorrhage. Other tests depend on suspected etiology.

An EEG is the preferred investigation to confirm

seizure activity and may be a helpful guide to deter-

mining prognosis.

S
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* Management: Anticonvulsant therapy is not always
necessary. Etiology-specific therapy such as glucose
infusion, calcium or magnesium, or pyridoxine may
be indicated. All anticonvulsants may produce signif-
icant respiratory depression, therefore close cardiores-
piratory monitoring is necessary and respiratory
support is sometimes needed.

* Phenobarbital is the drug of choice and is effective
in 85% of newborns with seizures. The loading dose
is 20 mg/kg IV, and should be delivered at a rate of
<1 mg/kg/minute. If seizures persist, additional
phenobarbital may be given in 10 mg/kg increments
for a total of 40 mg/kg. If seizures are controlled,
maintenance of phenobarbital is commenced at
3-5 mg/kg/day.

* Phenytoin is usually given when there is inadequate
control of seizures with phenobarbital. Fos-pheny-
toin solution is less irritating to veins and should
always be used. The loading dose is 20 mg/kg IV,
and is usually given in 10 mg/kg increments.
Maintenance dose is 5-8 mg/kg/day, delivered in
two divided doses.

* Lorazepam is usually given when there is inadequate
response to phenobarbital and phenytoin. Dose of
0.05-0.10 mg/kg—titrate dose as indicated.

INTRACRANIAL HEMORRHAGE

* ICH has multiple causes, including prematurity,
trauma, hypoxia-ischemia-reperfusion, coagulation
defects, and vascular defects.

* Predisposing factors during pregnancy, labor, deliv-
ery, and resuscitation should be identified. Neurologic
signs should be recorded and a lumber puncture is
usually performed. A head CT or MRI should be per-
formed if an intracranial hemorrhage is suspected in a
term infant, but a head ultrasound may be the only
feasible test in a preterm infant.

* Etiologies related to birth trauma (subarachnoid hem-
orrhage, subdural hemorrhage) are described in the
Birth Injury section.

o Intraventricular hemorrhage is almost exclusively seen
in the premature neonate (see Prematurity section).

* Hemorrhagic infarction occurs when bleeding from
capillaries after reperfusion following ischemia; the
ischemic may be the result of an initial embolism or
vasospasm. Suspect hemorrhagic infarction if hemi-
paresis, seizures, Stupor, or coma are seen in a term
neonate.

» Hypercoagulability caused by disseminated intravas-
cular coagulation (DIC), polycythemia, or a coagula-
tion factor deficiency may contribute to intracranial
hemorrhage. Evaluation includes prothrombin time

(PT), partial thromboplastin time (PTT), fibrinogen,
D-dimers, protein C, protein S, antithrombin, factor
XI, MTHFR mutation, and gene mutation 20210A.

* Vascular defects such as aneurysms and arteriovenous
malformations (usually of the vein of Galen) are rare
causes of hemorrhage.

INTRACRANIAL INFECTIONS

* GBS and E. coli account for ~70% of all cases of
neonatal meningitis (see Neonatal Infectious Disease
section). Virtually all organisms that cause neonatal
sepsis may produce neonatal meningitis.

* GBS meningitis occurs in 5-15% of early-onset
(<7 days) GBS infections and 30-40% of late-onset
infections (=7 days to 3 months).

* E. coli expressing the K1 capsular polysaccharide
antigen is found in ~75% of cases of E. coli meningi-
tis. There is an association between CSF K1 Ag
levels and prognosis. As there has been significant
emergence of ampicillin-resistent E. coli secondary
to intrapartum ampicillin therapy, addition of cefo-
taxime should be considered for suspected gram-
negative meningitis. Duration of therapy for
gram-negative meningitis is a minimum of 21 days.
Acute complications of E. coli meningitis include
hydrocephalus and subdural effusions. Long-term
complications of neurologic impairment are seen in
30-50% of survivors.

* Candida meningitis is usually caused by Candida
albicans, although Candida parapsilosis is also
seen. Predisposing factors include low birth weight
(<1500 g), prolonged total parenteral nutrition, in-
dwelling central venous catheters, and broad-spectrum
antibiotic therapy. Diagnosis may be difficult, and
repeated peripheral blood cultures may be necessary as
cultures may only be intermittently positive.
Meningitis and cerebral abscess may be present
despite negative CSF cultures. Treatment with combi-
nation therapy (amphotericin B and flucytosine [5-
FC]) is preferred for neonatal candidal meningitis, as
these agents act synergistically. Approximately 50% of
premature infants with candida meningitis survived
without sequelae; even better outcomes are seen in
term infants.

* CMV is the most common congenital viral infection.
Approximately 40,000 infants are born with a con-
genital infection each year, although 90% are asymp-
tomatic at birth. CMV specific IgM and urine viral
culture readily establishes the diagnosis. Periventri-
cular calcifications, microcephaly, and migrational
abnormalities may also be observed. There is a 90%
risk of neurologic sequelae, including hearing and
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vision impairment in the 10% of infants born with
symptomatic, congenital CMV infections.

* Herpes simplex: Most HSV infections in the neonate
are acquired during delivery because of viral shedding
in the female genital tract. Fetal scalp monitoring is a
risk factor for neonatal infection. Infants may present
with CNS manifestations as part of disseminated dis-
ease, or with disease localized to the CNS. Infants
with CNS disease usually present during the second to
third weeks of life. The characteristic presentation is
persistent seizures that are difficult to control. The
diagnosis may be made using antigen detection meth-
ods on vesicular fluid; CSF may show lymphocytosis
and elevated protein, and polymerase chain reaction
(PCR) may be performed to detect HSV deoxyri-
bonucleic acid (DNA). The EEG is diffusely abnor-
mal and does not demonstrate focal changes seen in
older children. Treatment is acyclovir at 10 mg/kg IV
for 10 days. Approximately 50% of infants surviving
HSV encephalitis after acyclovir therapy have normal
development.

HYPOTONIA AND NEUROMUSCULAR DISEASE

* Hypotonia and weakness can result from lesions any-
where along pathway from cortex to muscle. Lesions
above the lower motor neuron produce hypotonia >
weakness; in lower motor neuron diseases weakness >
hypotonia is observed. A decrease or absence of
movement in utero results in contractures rather than
hypotonia.

* Presentation and initial management is similar for
many of the diseases in this category despite heteroge-
neous etiologies. There may be a history of decreased
movement in utero. Respiratory muscles are weak, and
intercostal muscles are usually affected more than
diaphragm, leading to paradoxical abdominal move-
ment and pectus excavatum. Handling of respiratory
secretions is poor because of weak masticatory and
pharyngeal muscles. The cry is often weak. There may
be poor central respiratory drive particularly in con-
genital myotonic dystrophy.

* Treatment is similar and is mostly supportive for these
conditions, and includes mechanical ventilation, airway
suctioning, aminophylline for poor central drive, chest
physiotherapy, tube feedings (small and frequent),
metaclopropamide for poor gastric motility, surveil-
lance for pneumonia, antiseizure medications, physical
therapy to preserve range of motion, surgical and non-
surgical interventions for joint deformities, and moni-
toring for scoliosis.

* A chest x-ray (CXR) should be obtained if an infant
presents with respiratory distress, and may show a

bell-shaped chest or thin ribs. If there are signs of
poor cardiac output, an echocardiogram may show
signs of cardiomyopathy. Head imaging is needed to
rule out a central etiology; other useful tests include
liver function tests (LFTs), CPK, electromyelogram,
nerve conduction velocity studies, muscle biopsy, and
specific genetic testing.

Arthrogryposis multiplex congenita is not a specific
etiology, but rather a syndrome of multiple joint con-
tractures and webbing because of decreased move-
ment in utero that can be a manifestation of a problem
anywhere along the motor pathway. Upper and lower
extremities are affected, and distal joints are more
commonly affected. Etiologies other than neuromus-
cular disease should be considered, including amni-
otic bands, small/malformed maternal pelvis or
uterus, and severe oligohydramnios.

Central causes of hypotonia: Potential causes include
maternal anesthetics, hypoxic-ischemic encephalopa-
thy, metabolic disorders, hyperammonemia, organic
acidopathies, hypothyroidism, intracranial hemorrhage,
and trauma.

Prader-Willi syndrome should be suspected with trun-
cal hypotonia. Many of its classic features are not
manifest at birth. This syndrome is caused by a dele-
tion in the paternally derived chromosome 15q11-13.
All neuromuscular studies are normal. The etiology for
the hypotonia is unknown but is thought to be central.
Werdnig-Hoffman disease or type 1 spinal muscular
atrophy is a disease of anterior horn cell degeneration
resulting in very severe hypotonia, weakness, and
even flaccid paralysis. The incidence is 0.4 per 1000
births. The onset is early, with half of infants present-
ing in the first month of life. Severe weakness in a
proximal > distal distribution is seen, with minimal
movement of hips and shoulders but active move-
ments of hands and feet. Deep tendon reflexes (DTRs)
are difficult to elicit. Fasciculations are seen, espe-
cially of tongue and fingers. The facial muscles are
not weak; the face is active and without ptosis or oph-
thalmoplegia. The alert state is not affected and intel-
ligence is normal. Laboratory evaluations will show a
CPK that is normal. Electromyography (EMG) testing
will show fasciculations and fibrillations; nerve con-
duction velocity is usually normal. Muscle biopsy
shows changes of denervation, but this test has been
largely replaced by genetic evaluation for the deletion
in the q13 region of chromosome 5. Prenatal diagno-
sis by chorionic villus sampling (CVS) is available.
Infant botulism is a disease of descending hypotonia
and weakness caused by presynaptic blockade of
cholinergic transmission by toxin from Clostridium
botulinum; these bacteria have accessed the system
via gut colonization. The affected neonate presents as
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early as 2 weeks of life with poor feeding, hypotonia,
constipation, then progressing to loss of DTRs, cra-
nial nerve dysfunction, papillary paralysis, ptosis, and
even sudden death. The diagnosis is confirmed
through EMG testing which has a highly specific pat-
tern; a stool culture that is positive for C. botulinum is
also helpful. Supportive treatment must be provided
until spontaneous resolution in 1-2 months.

* Myasthenia gravis is a disease of extreme muscle
weakness and generalized hypotonia, due to interfer-
ence with acetylcholine receptors. CPK, CSF, EMG,
and nerve conduction velocity testing is normal.
Anticholinesterase challenge (neostigmine or edro-
phonium) gives the definitive diagnosis.

1. Transient neonatal myasthenia gravis is produced
by antibodies passively received from the mother.
It occurs in 10-20% of infants born with a mater-
nal history of myasthenia gravis. More than 75%
of infants present within the first 24 hours of life.
Cranial nerve dysfunction is prominent, and while
most infants present with feeding difficulties, res-
piratory compromise is also common. Most infants
will require anticholinesterase therapy. This dis-
ease is transient and outcome is good.

2. Congenital myasthenia gravis has later onset, and
ptosis and ophthalmoplegia are typical presenting
symptoms. Anticholinesterase therapy is an essen-
tial aspect of management.

» Congenital myotonic dystrophy is an inherited disor-
der, although newborns present with a pattern of disease
that is different from adult myotonic dystrophy. The
incidence is 1 in 3500 births. During pregnancy polyhy-
dramnios develops because of swallowing disturbances.
Infants present with facial diplegia, a tented upper lip,
respiratory and feeding difficulties, and hypotonia.
This disease should be suspected if there is a maternal
history or if myotonia is found in the mother. If
affected, the mother will be unable to open her eyes for
several seconds after closing them tightly. CPK and
CSF are normal; ventricular dilatation is common on
head imaging. An EMG will show myotonic dis-
charges. The etiology is a trinucleotide (CTG) repeat on
chromosome 19q13.3, with maternal autosomal domi-
nant inheritance. Symptoms are proportional to the
number of CTG repeats. Most infants that require
mechanical ventilation for >1 month do not survive.
Survivors walk by 3 years and have mental retardation
or significant learning disabilities.

» Congenital muscular dystrophy is a heterogeneous
group of disorders sharing clinical and myopathologic
features, especially connective tissue proliferation,
replacement of muscle by fat, and variation in muscle
fiber size. There are many specific varieties that are
characterized by myopathy alone (pure or merosin-

positive) or myopathy with central nervous system
involvement (merosin-deficient). Severe arthrygrypo-
sis is often seen early; if not present at birth, contrac-
tures develop rapidly. Ventilatory and swallowing
disturbances are less commonly associated. The intel-
lect is not necessarily impaired. In most patients, the
CPK is elevated early in life. The etiology is genetic
and of autosomal recessive inheritance. While some
infants may slowly gain milestones during infancy,
long-term outcome is poor with progression to severe
kyphoscolisis and death.
Congenital myopathies are an incompletely under-
stood group of primary muscle disorders that are pres-
ent at birth and are not manifest until later. They
include nemaline myopathy, central core disease,
multicore-minicore myopathy, myotubular myopathy,
congenital fiber type disproportion, and minimal
change myopathies.

Mitochondrial myopathies result from defects in the

electron transport chain. Cytochrome c oxidase defi-

ciency is the subtype that most commonly leads to
prominent neonatal muscle disease. Suspect these
diseases if there is multisystem involvement.

Unique features include cardiomyopathy,

macroglossia, lactic acidosis, hepatomegaly, and

renal tubular defects. Outcome is poor with death in

a few months.

* Pompe’s disease is a rare disease because of a defi-
ciency of acid-maltase activity resulting in glycogen
deposits in the anterior horn cells, skeletal and cardiac
muscles, liver and brain; it is also known as type II
glycogen storage disease. This disease may be appar-
ent from the first days of life but usually does not
manifest for several weeks. Cardiomyopathy because
of glycogen accumulation is a characteristic feature.
The tongue is often enlarged. The liver is enlarged and
usually firm, and skeletal muscles appear prominent
and hypertrophied. A muscle biopsy will reveal large
amounts of periodic acid-Schiff (PAS) material with
vacuoles. The outcome is dismal with death from car-
diac or respiratory causes typical in the first year of
life. The etiology is genetic with autosomal recessive
inheritance, and prenatal diagnosis is available by
fibroblast culture.
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26 GENITOURINARY CONDITIONS

Nicolas FM. Porta and
Robin H. Steinhorn, MD

* Renal masses are the most common cause of an
abdominal mass in the newborn period.

1. Hydronephrosis is the most common congenital
condition detected by antenatal ultrasound and
occurs in approximately 1 in 700 births. More than
85% of cases of hydronephrosis are due to obstruc-
tion at the ureteropelvic, ureterovesical, or bladder
neck (posterior urethral valves). After birth, the
degree of hydronephrosis may be underestimated
in the first few days of life because of the low
glomerular filtration rate of the newborn, therefore
repeat ultrasonography is mandatory. Consultation
with a pediatric urologist or nephrologist is neces-
sary to determine testing for the cause of
hydronephrosis. Prophylactic antibiotics are fre-
quently administered to prevent urinary tract infec-
tions (UTT).

2. The most common cystic renal disease in the new-
born is multicystic dysplastic kidney. It is usually
unilateral, although up to 50% of infants will have
abnormalities of the contralateral urinary tract.
Because the disease is unilateral, prognosis tends
to be good. Surgical removal of the affected kidney
is controversial, and is often only done when
hypertension cannot be controlled. Polycystic

kidney disease is less common in the newborn.
Newborns presenting with this condition typically
have disease inherited in an autosomal recessive
fashion, and prognosis is very poor. While autoso-
mal dominant polycystic kidney disease is more
common, it usually does not present in the new-
born period.

3. Renal vein thrombosis may present in the newborn
period with a firm flank mass, hematuria, and
thrombocytopenia. Risk factors include dehydra-
tion, hypercoagulability, and maternal diabetes.
This condition can typically be medically man-
aged; consultation with a hematologist may be
helpful in determining whether anticoagulant ther-
apy or thrombolytic is beneficial. Prognosis for
survival is good.

* Vesicoureteral reflux (VUR) can predispose to upper
urinary tract infections and renal damage. VUR can be
familial or the result of ureteral or bladder anomalies.
Evaluation for VUR should be undertaken for infants
with hydronephrosis or a history of urinary tract infec-
tion (approximately 30% of infants are found to have
reflux after their first UTI). This evaluation typically
includes ultrasonography and a voiding cystourethro-
gram. Management includes prophylactic low dose
antibiotics to suppress UTI, urologic consultation, and
long-term monitoring.
Posterior urethra valves (PUV) are abnormal values
in the urethra that occur only in males, and represent
the most common cause of congenital obstruction of
the urinary tract in males. PUV are composed of
membrane that obstructs the posterior urethra, and can
produce a high degree of bladder outlet obstruction,
leading to dilation of the urinary bladder, ureters, and
renal collecting systems. If severe, it can lead to pro-
gressive renal failure and even oligohydramnios asso-
ciated with pulmonary hypoplasia. PUV can be
identified antenatally by fetal ultrasonography.
Postnatally, infants may present with a distended
bladder, bilateral flank masses, and a history of infre-
quent voiding or a poor urinary stream. Urgent uro-
logic consultation to immediately decompress the
bladder is required. Long-term monitoring of renal
function is essential, as there is a 30% risk for the
development of progressive renal insufficiency later in
childhood.

* Hypospadius is the most common penile abnormality
noted in the newborn, affecting more than 1 in 300
males. It is a developmental anomaly in which the
external meatus is present proximal to, and on the
ventral side of the penis, rather than in its normal posi-
tion on the end of the penile shaft. The degree of
hypospadius can be classified according to the loca-
tion of the meatal opening. Chordee (curvature of the
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penis) is frequently associated with hypospadius;

cryptorchism and inguinal hernias are also commonly

observed. While minimal evaluation is required for

mild hypospadius, severely affected infants should be

evaluated with a karyotype, and conditions such as

congenital adrenal hypoplasia should be considered.

Surgical correction is usually not attempted in the

newborn, but is done later in the first year of life.

Circumcision should be avoided in the newborn

period, as foreskin may be needed for later surgical

correction.

Inguinal hernia is the herniation of intestines through

a patent processus vaginalis into scrotum (or labia

majora in females).

1. Inguinal hernias most commonly present as a lump
at the pubic tubercle, although the hernia may
descend into the scrotum. They occur in ~10% of
premature males.

2. Inguinal hernias may come and go; if a hernia is
recognized once it must be surgically repaired even
if it is not always apparent. The major risks include
incarceration (not able to be reduced) or strangula-
tion (compromise of vascular supply). The risk of
incarceration in the first year of life is 5-15%,
therefore surgical repair is done early. In premature
infants, repair is typically performed prior to hos-
pital discharge.

3. Postoperative apnea may occur in premature
infants, and these patients should be monitored for
24 hours after repair.

Cryptorchidism or undescended testicles occurs in
approximately 3% of full-term infants, and is more
common in premature infants. The majority of
apparent cryptorchid testes are palpable in the
inguinal canal at birth. In most infants, full descent
of the testicles will occur by 9 months of age with-
out intervention. If not descended by 18 months,
orchiopexy is indicated to prevent atrophy and malig-
nant degeneration.
Bladder exstrophy is a very rare congenital malforma-
tion of the lower anterior abdominal wall. The anterior
wall of the bladder is missing and the bladder mucosa
herniates through the lower abdomen. The diagnosis
is commonly made antenatally, and is obvious after
delivery. The exposed bladder mucosa is typically fri-
able and will not tolerate air exposure; it should be
protected after delivery. Staged surgical repair usually
begins within the first 72 hours of life with primary
closure of the bladder and approximation of the pubic
rami.

Severe cases with more extensive cloacal anomalies

and omphalocele are called cloacal exstrophy. This

condition is frequently associated with imperforate
anus, and a vesicointestinal fistula and prolapse of the

bowel into the bladder mucosa. Staged repair begins
shortly after birth with separation of the intestinal and
genitourinary systems.
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27 NEONATAL INFECTIONS
Malika D. Shah and Catherine M. Bendel

INTRODUCTION

* Infectious diseases are an important cause of morbid-
ity and mortality in the neonate. A relatively immature
defense system renders the neonate particularly sus-
ceptible to disseminated systemic infection, rather
than localized infections. Neonates may develop bac-
terial, viral, or fungal infections, depending on their
exposure.

* Evaluation and treatment of suspected sepsis is a com-
plex process with many variables. The following
guidelines should be individualized to each patient.

RISK FACTORS FOR NEONATAL SEPSIS

* Antenatal risk factors include maternal infection
during pregnancy, multiple gestation, young maternal
age <20 years old, no prenatal care, and low socioe-
conomic status. Maternal urinary tract infections, or
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heavy maternal genital tract colonization, particularly
with group B streptococci (GBS) and Candida are
risk factors. In viral infections, the risk to the neonate
is greater with a primary than a recurrent maternal
infection.

* Peripartum risk factors include prematurity, very low
birth weight (<1500 g), premature rupture of mem-
branes, and prolonged rupture of membranes (>18
hours, with a significant increase in the incidence of
infection if >24 hours). Chorioamnionitis is associated
with a 5-15% risk of neonatal sepsis; signs of
chorioamnionitis include maternal fever (>38°C) and
fetal tachycardia. Vaginal births have higher risk than
cesarean deliveries. Additional risk factors include a
5-minute Apgar score of <6 and male gender.

* Postpartum risk factors include exposure to a specific
pathogen, indwelling devices including intravascular
catheters, endotracheal tubes, urinary catheters, and
prolonged or frequent courses of broad-spectrum
antibiotics. Other factors include hyperglycemia,
steroid therapy, and prolonged hospitalization.

CLINICAL MANIFESTATIONS
OF NEONATAL SEPSIS

* Early signs may be subtle or nonspecific in the
neonate, including poor feeding or decreased respon-
siveness.

* More specific clinical findings may include the fol-
lowing:

1. Respiratory distress, apnea, tachypnea, or increas-
ing supplemental oxygen requirement.

2. Tachycardia, hypotension, poor perfusion, shock.

3. Temperature instability.

4. Vomiting, diarrhea, abdominal distention, bloody
aspirates, or stools.

5. Lethargy, seizures, bulging fontanelle, focal neu-

rologic abnormalities.

Hematuria, oliguria.

Jaundice, bruising, petechiae.

Pustules, vesicles, cellulites, omphalitis.

Metabolic acidosis.

Hypoglycemia or hyperglycemia (particularly if

previously glucose tolerant).

SO

LABORATORY DIAGNOSIS
OF NEONATAL SEPSIS

* Positive cultures of normally sterile body fluids con-
firm the diagnosis of infection, including the follow-
ing:

1. Blood: Must be obtained as a part of every evalu-
ation for sepsis.

2. Cerebrospinal fluid (CSF): Although desirable,
especially in symptomatic patients, a lumbar punc-
ture may not be mandatory on all patients. This
procedure may be delayed if the infant is unstable
and presumed unlikely to tolerate the procedure, or
if the reasons for initiating a septic evaluation are
weak in an asymptomatic infant. Since meningitis
is frequently associated with sepsis, CSF analysis
is indicated for all infants with a positive blood
culture. Evaluation of the Gram stain and chemical
findings (glucose and protein levels) may be help-
ful in the early diagnostic phase, or if antibiotics
have been administered prior to obtaining CSF. A
positive Gram stain will confirm suspicions of
meningitis, while the chemical studies have limita-
tions based on the wide range of values in normal
infants and limited data on normal values in
preterm infants.

3. Urine: Sample should be obtained by suprapubic
aspiration; sterile catheterization is the alternative
method. Urine culture for bacteria may not be
mandatory in the first 1-2 days of life, as the yield
is extremely low; however, beyond 3 days of age,
urine cultures are indicated, as urinary tract infec-
tions are a frequent source of infection. Evaluation
of the urine for cytomegalovirus (CMV) is often
the easiest way to make the diagnosis of congeni-
tal CMV.

4. Surface cultures: While once a common practice,
the yield of actual infection-causing organisms is
low. Results are usually polymicrobial and reflect
the entire maternal gastrointestinal (GI)/ genitouri-
nary (GU) normal flora; however, when herpes sim-
plex virus (HSV) is suspected, cultures of the eye
and nasopharynx, obtained at 2448 hours, are indi-
cated and may provide the best diagnostic evidence.

5. Other fluids/sites: Additional cultures should be
obtained as indicated by the clinical symptoms and
history.

* Hematologic studies, including a complete blood count
(CBC) with differential and platelet count are indicated
in every sepsis evaluation; however, interpretation is
limited because of the wide variations seen among
normal infants, especially in the first day of life.

1. The total white blood cell (WBC) may be difficult to
interpret as it rises dramatically over the first 24
hours of life. An extremely elevated (>20,000/mm?)
or very depressed (<5000/mm?) count is more sug-
gestive of infection, especially a persistent low WBC
(>24 hours).

2. Persistent neutropenia is a strong indicator of
sepsis.

3. Thrombocytopenia is also associated with sepsis,
especially fungal.
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* A chest radiograph is indicated in all infants with res-
piratory symptoms. Focal findings are often absent in
neonates and findings of pneumonia may overlap with
or be obscured by those of prematurity.

* Serum glucose is indicated in all septic evaluations.
Hypoglycemia is frequently associated with early-
onset infections, while hyperglycemia in the previ-
ously glucose tolerant infant may indicate a late
infection.

* C-reactive protein: Interpretation may be limited
because of the lack of normative values in the infant;
however, a rise in paired samples over a 24-hour
period may be helpful in diagnosis. Conversely, values
decrease rapidly with adequate therapy. Therefore,
persistent elevations may indicate inadequate therapy
and may assist in determining length of treatment.

* Coagulation studies are indicated in the unstable
symptomatic infant and are frequently prolonged and
may indicate disseminated intravascular coagulation
(DIC).

BACTERIAL SEPSIS

GENERAL FEATURES OF BACTERIAL SEPSIS

* Bacterial sepsis is generally divided into two patterns
of disease presentation in the first month of life, early-
onset and late-onset.

* Early-onset bacterial sepsis:

1. Incidence ranges from 1 to 5 per 1000 live births in
the United States.

2. Onset <4 days of age.

3. The predominant organisms are GBS and Esche-
richia coli, with the maternal genital tract as the
source. Other gram-negative enterics, Staphylo-
coccus aureus, enterococci, and Listeria monocyto-
genes each account for a few percent of cases per
year.

4. Risk factors are antenatal and perinatal as outlined
above.

5. Complications of pregnancy or delivery are
common.

6. Presentation may be either asymptomatic or symp-
tomatic; but is usually fulminant, rapidly progres-
sive, with multiorgan system involvement and
many of the clinical manifestations listed above.
Pneumonia is a common presenting sign.

7. Mortality is high.

* Late-onset bacterial sepsis:

1. Incidence varies depending on whether community
or nosocomially acquired. The incidence of late-
onset GBS disease is approximately 0.35-0.5 per
1000 live births in the United States. The incidence
of nosocomially acquired infections on the NICU

ranges from 5 to 20%, with the majority of infec-
tions occurring among the very low birth weight
infants.

2. Onset 25 days of age.

3. The source of the infection may still be the mater-
nal genital tract, but also includes the postnatal
environment (community vs. NICU).

4. Risk factors include the postpartum category listed
above.

5. Complications of pregnancy or delivery may or
may not have been present.

6. Presentation is more often focal and slowly pro-
gressive. Meningitis is frequently present.

7. Mortality is lower than early-onset, ranging from
2 to 6%.

INDICATIONS FOR A SEPTIC EVALUATION

Bacterial Sepsis: Early-Onset, Suspected

* In ALL symptomatic infants a blood culture, CBC
with differential and platelet count, serum glucose,
and CSF studies should be obtained as soon as possi-
ble and the infant should be started on empiric antibi-
otics regardless of risk factors. Additional studies are
warranted as the specific symptoms and exposure his-
tory indicate.

o If truly infected, asymptomatic infants can decompen-
sate rapidly, becoming symptomatic and may benefit
from empiric therapy. Therefore, evaluation and treat-
ment of the asymptomatic infant is indicated accord-
ing to the presence or absence of risk factors which
include the following:

1. Prematurity

2. Prolonged rupture of membranes
3. Maternal fever

4. Maternal chorioamnionitis

5. Maternal GBS status

* In an asymptomatic infant, risk factors will influence
the extent of the evaluation and therapy, as outlined
below.

Bacterial Sepsis: Early-Onset, Suspected

Asymptomatic With Prematurity

as Sole Risk Factor

* Premature infants are at higher risk of infection
because of multiple factors including an immature
immune status, immature epithelial/mucosal barriers,
and the frequent presence of indwelling catheters.

* In evaluating a preterm infant, one should consider the
cause of the prematurity.

1. If the cause of preterm labor is unknown or related
to a fetal condition, occult maternal chorioam-
nionitis should be considered as the etiology.
Evaluation of the infant with a blood culture, CBC,
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serum glucose is indicated, as well as initiating
empiric treatment with antibiotics.

2. If the cause of preterm delivery is solely maternal
(such as PIH, bicornate uterus, incompetent
cervix), and the child is asymptomatic, and there
are no other risk factors, close observation of
antibiotics may be justified.

Bacterial Sepsis: Early-Onset, Suspected
Asymptomatic With Rupture of Membranes,
Maternal Fever, or Chorioamnionitis

as Risk Factors

* The presence of either risk factor alone in a term
asymptomatic newborn does not routinely warrant
cultures and antibiotics; however, PROM is associated
with a 1% incidence of neonatal sepsis (increased
from a baseline of 0.1-0.5%), therefore close obser-
vation is indicated.

* The presence of chorioamnionitis raises the risk of
infection in the term infant fourfold. Full diagnostic
evaluation with empiric antibiotic therapy for a mini-
mum of 48 hours is indicated.

* In an asymptomatic preterm infant, most centers rec-
ommend obtaining blood cultures and a CBC at a
minimum and treating with empiric antibiotics if
either PROM or maternal fever is present, even in the
absence of documented chorioamnionitis.

Bacterial Sepsis: Early-Onset, Suspected

Asymptomatic With Maternal GBS

Status as a Risk Factor

¢ GBS is the most common neonatal bacterial infection,
characterized by septicemia, pneumonia, and meningitis
with a significant degree of mortality and morbidity. As
a result, screening in late gestation for carrier status is
recommended for all pregnant women.

* Recommendations exist as to whether or not the
mother should receive intrapartum antimicrobial pro-
phylaxis. This combined information can then be used
to tailor the approach to evaluation and therapy of the
asymptomatic infant.

* Current Centers for Disease Control and Prevention
(CDC) guidelines recommend the following evaluation
and treatment. This is not an exclusive course of man-
agement and variations that incorporate individual
circumstances or institutional preferences may be
appropriate.

1. Maternal GBS negative with no other risk factors:
no evaluation or treatment required.

2. Maternal GBS positive, gestation less than 35 weeks,
no maternal intrapartum antibiotics: full diagnostic
evaluation with empiric antibiotic therapy for a min-
imum of 48 hours is indicated.

3. Maternal GBS positive, gestation greater than
35 weeks, no maternal intrapartum antibiotics: data

are insufficient to recommend a single management
strategy.

4. Maternal GBS positive, gestation less than
35 weeks, maternal intrapartum antibiotics
(regardless of number of doses): limited evalua-
tion with blood culture and CBC, observation of
antibiotics for minimum of 48 hours, if no other
risk factors are present and the infant remains
asymptomatic.

5. Maternal GBS positive, gestation greater than
35 weeks, less than two doses of antibiotics or
antibiotics less than 4 hours prior to delivery: lim-
ited evaluation with blood culture and CBC and
observation for a minimum of 48 hours.

6. Maternal GBS positive, gestation greater than
35 weeks, two or more doses of antibiotics
received by mother with the second dose more
than 4 hours prior to delivery: no evaluation, no
therapy, observation in-house for at least 48 hours.
A healthy appearing infant in this category who is
greater than or equal to 38 weeks gestation at
delivery may be discharged to home after 24 hours
if other discharge criteria are met and a caregiver
able to comply with home observation will be
present.

Late-Onset Bacterial Sepsis

* Community-acquired late-onset sepsis is usually man-

ifested by meningitis. The differential diagnosis must

also include viral infections, as discussed below.

In the NICU setting, one is more likely to encounter

nosocomial infections caused by coagulase-negative

staphylococci, gram-negative rods, or other microbes

such as Candida.

* Most infants will be symptomatic and all should

receive blood, urine, and CSF studies with initiation

of empiric antibiotic therapy.

If necrotizing enterocolitis (NEC) or concurrent pneu-

monia is suspected, radiographs and sputum cultures

should be obtained.

» If the child has persistently positive cultures, in-
dwelling catheters should be removed.

CHOICE OF ANTIBIOTICS FOR SUSPECTED

BACTERIAL SEPSIS

* Choice of antibiotics is based on knowledge of the
most prevalent organisms responsible for neonatal
sepsis and the pattern of antimicrobial susceptibility
observed for these organisms in the treating institution
or community.

* For early-onset sepsis, the combination of penicillin G
or ampicillin and an aminoglycoside, most commonly
gentamicin, provides adequate coverage for the most
prevalent organisms.
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1. For suspected late-onset sepsis in nonhospitalized
infants greater than 1 month, ampicillin and gen-
tamicin would still provide appropriate coverage;
however, to obtain better CSF penetration and to
avoid concerns of aminoglycoside toxicity, a third-
generation cephalosporin such as cefotaxime may
be substituted.

* In hospitalized infants, consideration must be given to
other risk factors such as the presence of indwelling
catheters (PCVC, ventriculoperitoneal [VP] shunt, uri-
nary catheters, endotracheal tube [ETT]) or abdominal
distension (suspected NEC).

1. MRSA and coagulase-negative staphylococci are
likely culprits in the presence of indwelling
catheters/shunts and empiric vancomycin fre-
quently needs to be initiated.

2. In suspected NEC, empiric ampicillin or van-
comycin and gentamicin should be initiated. If per-
foration is suspected, anaerobic coverage with
clindamicin may be added.

* Once the causative organism is identified, antimicro-
bial sensitivities should be determined and empiric
antibiotics should be adjusted to provide the most
appropriate treatment.

* Length of therapy depends on the specific microbe iden-
tified and the severity of symptoms and sites involved.
One set of guidelines for length of therapy is as follows:
1. Mild symptoms with negative cultures: 2-3 days.
2. Severe symptoms, including pneumoni