



[image: image]







Zitelli and Davis’ Atlas of Pediatric Physical Diagnosis


Sixth Edition



Basil J. Zitelli, MD


Professor of Pediatrics, University of Pittsburgh School of Medicine; Director, the Paul C. Gaffney Diagnostic Referral Service, Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, Pennsylvania





Sara C. McIntire, MD


Professor of Pediatrics, University of Pittsburgh School of Medicine; Advisory Dean, Office of Student Affairs, Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, Pennsylvania





Andrew J. Nowalk, MD, PhD


Assistant Professor of Pediatrics, University of Pittsburgh School of Medicine, Pediatric Infectious Disease, Children’s Hospital of Pittsburgh of UPMC, Pittsburgh, Pennsylvania





Saunders










Copyright


[image: image]


1600 John F. Kennedy Blvd.


Ste 1800


Philadelphia, PA 19103-2899


ZITELLI AND DAVIS’ ATLAS OF PEDIATRIC PHYSICAL DIAGNOSIS


 ISBN: 978-0-323-07932-7


Copyright © 2012 by Saunders, an imprint of Elsevier Inc.


Copyright © 2007, 2002, 1997, 1992, 1987 by Mosby, an affiliate of Elsevier Inc.


No part of this publication may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, or any information storage and retrieval system, without permission in writing from the publisher. Details on how to seek permission, further information about the Publisher’s permissions policies, and our arrangements with organizations such as the Copyright Clearance Center and the Copyright Licensing Agency can be found at our website: www.elsevier.com/permissions.


This book and the individual contributions contained in it are protected under copyright by the Publisher (other than as may be noted herein).





Notices


Knowledge and best practice in this field are constantly changing. As new research and experience broaden our understanding, changes in research methods, professional practices, or medical treatment may become necessary.


Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using any information, methods, compounds, or experiments described herein. In using such information or methods they should be mindful of their own safety and the safety of others, including parties for whom they have a professional responsibility.


With respect to any drug or pharmaceutical products identified, readers are advised to check the most current information provided (i) on procedures featured or (ii) by the manufacturer of each product to be administered, to verify the recommended dose or formula, the method and duration of administration, and contraindications. It is the responsibility of practitioners, relying on their own experience and knowledge of their patients, to make diagnoses, to determine dosages and the best treatment for each individual patient, and to take all appropriate safety precautions.


To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any liability for any injury and/or damage to persons or property as a matter of products liability, negligence or otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the material herein.





Library of Congress Cataloging-in-Publication Data


Zitelli and Davis’ atlas of pediatric physical diagnosis.—6th ed. / [edited by] Basil J. Zitelli, Sara McIntire, Andrew J. Nowalk.


 p. ; cm.


 Atlas of pediatric physical diagnosis


 Rev. ed. of: Atlas of pediatric physical diagnosis / [edited by] Basil J. Zitelli, Holly W. Davis. c2007.


 Includes bibliographical references and index.


 ISBN 978-0-323-07932-7 (hardcover : alk. paper)


 I.  Zitelli, Basil J. (Basil John), 1946- II.  McIntire, Sara. III.  Nowalk, Andrew J. IV. Atlas of pediatric physical diagnosis. V.  Title: Atlas of pediatric physical diagnosis.


 [DNLM: 1.  Diagnosis—Atlases. 2.  Child. 3.  Infant. 4.  Physical Examination—Atlases. WS 17]


 LC classification not assigned


 618.92′00754—dc23


  2011053495


Acquisitions Editors: Judith Fletcher, Stefanie Jewell-Thomas


Developmental Editor: Joanie Milnes


Publishing Services Manager: Patricia Tannian


Senior Project Manager: Linda Van Pelt


Design Direction: Ellen Zanolle


Printed in China


Last digit is the print number: 9 8 7 6 5 4 3 2 1


[image: image]










Dedication


To our parents, who were our first teachers:


Hannah L. Zitelli and Patsy A. Zitelli


Thomas P. Nowalk and Lourdes W. Nowalk


George M. McIntire and Charlotte M. McIntire


To my wife, Suzanne, and my children,


Matthew, Daniel, Benjamin, and Anne Zitelli


To my wife, Amy Brinkos, and my children,


James, Max, and Peter Nowalk


To my brother, John, and my children,


Frances and Madeline Marcelle


To those exceptional teachers we have had, whose dedication, enthusiasm, and creativity helped make the acquisition, application, and sharing of knowledge more fun than hard work and who inspired us not only to perform to the best of our ability but also to become teachers as well as physicians:




Henry Furrie, Paul C. Gaffney, MD, William H. Zinkham, MD, J.R. Zuberbuhler, MD, Crystie Halsted, MD, Ronald Lemire, MD, J. Carlton Gartner, Jr., MD, William I. Cohen, MD





To our residents and students, whose eagerness to learn and to put their knowledge to use keeps us learning actively and makes teaching so rewarding










Contributors




Vivek Allada, MD


Associate Professor of Pediatrics
University of Pittsburgh School of Medicine
Clinical Director
Pediatric Cardiology
Heart Center
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Georgianne Arnold, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Jennifer Arnold, MD, MSc


Assistant Professor of Pediatrics
Division of Perinatal-Neonatal Medicine
Medical Director
Pediatric Simulation
Texas Children’s Hospital
Houston, Texas






Heather Baumhardt, BS, DDS


Clinical Assistant Professor
University of Pittsburgh School of Dental Medicine
Pediatric Dentistry
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Lee B. Beerman, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine
Division of Pediatric Cardiology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Mark F. Bellinger, MD


Visiting Professor of Urology
Urology
University of Pittsburgh School of Medicine
Attending Urologist
Urology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Albert W. Biglan, MD


Formerly Adjunct Professor of Ophthalmology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Debra L. Bogen, MD


Associate Professor of Pediatrics and Psychiatry
University of Pittsburgh School of Medicine
Division of General Academic Pediatrics
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Beverly S. Brozanski, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine
Clinical Director
Neonatal Intensive Care
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Mary M. Carrasco, MD, MPH


Associate Clinical Professor of Pediatrics
University of Pittsburgh School of Medicine
Director
International and Community Health
Pittsburgh Mercy Health System
Pittsburgh, Pennsylvania






Diego Chaves-Gnecco, MD, MPH


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
SALUD PARA NIÑOS Program Director and Founder
Developmental-Behavioral Pediatrics
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Wassim Chemaitilly, MD


Assistant Professor of Pediatrics
Division Director
Pediatric Endocrinology
St. Jude Children’s Research Hospital
Memphis, Tennessee






Kenneth P. Cheng, MD


Children’s Hospital of Pittsburgh of UPMC
Pittsburgh
Pediatric Ophthalmology and Adult Strabismus
Wexford, Pennsylvania






David H. Chi, MD


Assistant Professor
University of Pittsburgh School of Medicine
Director
Hearing Center
Division of Pediatric Otolaryngology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Bernard A. Cohen, MD


Professor of Dermatology and Pediatrics
Director
Cutaneous Laser Center
Johns Hopkins University School of Medicine
Baltimore, Maryland






James D. Cooper, MD


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Pediatric Hematology/Oncology/BMT
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Alene D’Alesio, DMD


Clinical Assistant Professor
Pediatric Dentistry
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Katherine P. Davenport, MD


Joseph E. Robert, Jr. Research Fellow
Sheikh Zayed Institute for Pediatric Surgical Innovation
Children’s National Medical Center
Washington, District of Columbia






Holly W. Davis, MD


Associate Professor of Pediatrics, Emeritus
University of Pittsburgh School of Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Vincent F. Deeney, MD


Associate Professor
Department of Orthopaedics
Residency Program Director
Orthopaedic Surgery
University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania






Demetrius Ellis, MD


Professor of Pediatrics and Nephrology
University of Pittsburgh School of Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Oscar Escobar, MD


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Pediatric Endocrinology, Diabetes and Metabolism
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Heidi M. Feldman, MD, PhD


Ballinger-Swindells Professor
Pediatrics
Stanford University School of Medicine
Stanford, California






Jonathan D. Finder, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine



Clinical Director
Pediatric Pulmonary Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Robin P. Gehris, MD


Chief
Pediatric Dermatologic Surgery
Dermatology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Todd Green, MD


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Allergy and Immunology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Dena Hofkosh, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine
Developmental-Behavioral Pediatrics
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Timothy D. Kane, MD, FACS


Associate Professor of Surgery and Pediatrics
George Washington University School of Medicine
Associate Chief of Clinical Affairs
Pediatric Surgery
Sheikh Zayed Institute for Pediatric Surgical Innovation
Children’Children’s National Medical Center
Washington, District of Columbia






Sunhee Kim, MD


Assistant Professor
University of Pittsburgh School of Medicine
Diagnostic Radiology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Jacqueline Kreutzer, MD, FACC, FSCAI


Associate Professor of Pediatrics
University of Pittsburgh School of Medicine
Department of Pediatrics
University of Pittsburgh
Director
Cardiac Catheterization Laboratory
Pediatric Cardiology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Alexander Y. Lin, MD


Clinical Instructor
University of Pittsburgh School of Medicine
Craniofacial and Pediatric Plastic Surgery Fellow
Division of Pediatric Plastic Surgery
Children’s Hospital of Pittsburgh of UPMC
Division of Plastic Surgery
University of Pittsburgh Medical Center
Pittsburgh, Pennsylvania






Joseph E. Losee, MD, FACS, FAAP


Professor of Surgery and Pediatrics 
University of Pittsburgh School of Medicine
Chief
Division of Pediatric Plastic Surgery
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Andrew MacGinnitie, MD, PhD


Assistant Professor of Pediatrics
Harvard Medical School
Associate Clinical Director
Division of Immunology
Children’s Hospital of Boston
Boston, Massachusetts






David H. MacKibben, DMD, MDS


Formerly Clinical Associate Professor of Pediatric Dentistry
University of Pittsburgh School of Dental Medicine
Dental Services
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Suneeta Madan-Khetarpal, MD


Associate Professor of Pediatrics
University of Pittsburgh School of Medicine
Division of Medical Genetics
Department of Pediatrics
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Brian Martin, DMD


Clinical Assistant Professor
University of Pittsburgh School of Dental Medicine
Chief
Division of Pediatric Dentistry
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Sara C. McIntire, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine
Advisory Dean
Office of Student Affairs
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Marian G. Michaels, MD, MPH


Professor of Pediatrics and Surgery
University of Pittsburgh School of Medicine
Pediatric Infectious Diseases
University of Pittsburgh School of Medicine
Pittsburgh, Pennsylvania






Yosuke Miyashita, MD, MPH


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Morey S. Moreland†


William F. and Jean W. Donaldson Professor of Orthopedic Surgery
University of Pittsburgh School of Medicine
Division of Pediatric Orthopedics
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania


†Deceased.






Pamela J. Murray, MD, MPH


Professor and Vice Chair
Pediatrics
West Virginia University School of Medicine
Morgantown, West Virginia






Mamoun N. Nazif, DDS, MDS


Formerly Clinical Professor of Pediatric Dentistry
University of Pittsburgh School of Dental Medicine
Formerly Staff
Children’s Hospital of Pittsburgh
Pittsburgh, Pennsylvania






David Nash, MD


Clinical Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Director
Outreach Allergy and Immunology
Division of Pulmonary Medicine, Allergy and Immunology
Department of Pediatrics
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Andrew J. Nowalk, MD, PhD


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Pediatric Infectious Disease
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Melissa M. Riley, MD


Neonatology Fellow
University of Pittsburgh School of Medicine
Division of Newborn Medicine
Children’s Hospital of Pittsburgh of UPMC and Magee Womens Hospital of UPMC
Pittsburgh, Pennsylvania






A. Kim Ritchey, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine
Chief
Pediatric Hematology/Oncology
Vice Chair for Clinical Affairs
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Paul Rosen, MD, MPH, MMM


Division of Pediatric Rheumatology
Department of Pediatrics
The Nemours/Alfred I. duPont Hospital for Children
Wilmington, Delaware






Jeffrey A. Rudolph, MD


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Division of Pediatric Gastroenterology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Vera Sperling, MD


Clinical Assistant Professor
University of Pittsburgh School of Medicine
Department of Radiology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






David Stukus, MD


Assistant Professor of Pediatrics
Division of Infectious Diseases, Allergy and Immunology
Nationwide Children’s Hospital
Columbus, Ohio






Gina S. Sucato, MD, MPH


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Division of Adolescent Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Sameh Tadros, MD, MSc


Clinical Assistant Professor
University of Pittsburgh School of Medicine
Department of Radiology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Jean M. Tersak, MD


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Division of Pediatric Hematology/Oncology and Blood and Marrow Transplantation
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Kathryn Torok, MD


Assistant Professor of Pediatrics
University of Pittsburgh School of Medicine
Division of Pediatric Rheumatology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Rajiv Varma, MD


Clinical Associate Professor
Clinical Director
Division of Pediatric Neurology
University of Pittsburgh School of Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






W. Timothy Ward, MD


Professor
Orthopaedic Surgery
University of Pittsburgh School of Medicine
ChiefPediatric Orthopaedics
Department of Orthopaedic Surgery
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Daniel J. Weiner, MD


Assistant Professor of Pediatrics
Pediatrics
University of Pittsburgh School of Medicine
Co-Director
Antonio J. and Janet Palumbo Cystic Fibrosis Center
Medical Director
Pulmonary Function Laboratory
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Henry B. Wessel, MD


Formerly Clinical Associate Professor of Pediatrics and Child Neurology
University of Pittsburgh School of Medicine
Formerly Director
MDA Clinic
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Shelley D. Williams, MD


Associate Professor of Pediatrics and Neurology
University of Pittsburgh School of Medicine
Division of Child Neurology
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Selma F. Witchel, MD


Associate Professor of Pediatrics
Pediatric Endocrinology, Diabetes and Metabolism
University of Pittsburgh School of Medicine
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Robert F. Yellon, MD


Professor of Otolaryngology
University of Pittsburgh School of Medicine
Co-Director
Division of Pediatric Otolaryngology
Director
ENT Clinic Services
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania






Basil J. Zitelli, MD


Professor of Pediatrics
University of Pittsburgh School of Medicine
Director
The Paul C. Gaffney Diagnostic Referral Service
Children’s Hospital of Pittsburgh of UPMC
Pittsburgh, Pennsylvania












Foreword


Ralph Major pointed out that physical diagnosis is the bridge between the abstraction called disease described in medical books and the reality called patients with diseases, who are in front of us. History and physical examination are the fundamental tools of that physical diagnosis. Our ears, eyes, hands, and nose are the tools used in physical diagnosis, and they are readily available. All modern instruments, starting with the stethoscope, are an extension of our sensory system.


Advances in the scientific aspects of medicine have given us tools that help us see parts of the body we could never see, listen to sounds we will never be able to hear, and touch and manipulate inaccessible parts of the body. These technologic advances have contributed enormously to the welfare of our patients. They have also come with a cost, as all new technologies do. Technology has created a barrier between the doctor and the patient. Patients feel that barrier.


Enamored with the technologic advances, patients tend to think that laboratory tests and imaging studies make the diagnosis, not the physician. Physicians in training also are not as skilled in physical examination as physicians of earlier generations. There is a great need to train physicians how to perform a proper physical examination. This atlas of pediatric physical diagnosis, edited by Doctors Zitelli and Davis and, recently, Doctors Nowalk and McIntire, has been filling this need for several years.


This unique compendium of pediatric conditions helps refocus the attention of physicians, the novice and the experienced, on observing patients. It is a visual encyclopedia of both common and uncommon diseases of children. Using excellent photographs, the authors show important and classic physical findings and also proper techniques to use to elicit these findings.


Having used this book for several years, I know that it is user friendly and fun to browse. It is deceptively simple considering the depth and the breadth of subjects covered. With the addition of new sections on genetic diagnosis and the role of imaging studies in physical diagnosis, this book is a “must” for all medical school libraries, pediatrics departments, and teaching clinics.


Browse, read, or study as you please. And enjoy learning.




Balu Athreya, MD


Professor Emeritus of Pediatrics
Perelman School of Medicine
University of Pennsylvania
Clinical Emeritus Professor of Pediatrics
Jefferson Medical College
Thomas Jefferson University
Philadelphia, Pennsylvania
Teaching Consultant
Nemours/Alfred I. duPont Hospital for Children
Wilmington, Delaware












Preface


For many disorders, visual recognition remains the key factor in making a correct diagnosis. The experienced clinician who has seen a wide spectrum of disorders carries a wealth of information for diagnosis and teaching. In a time in which use of technology may erode clinical skills, reinforcing the value of a complete history and careful physical examination grows more important.


This book was envisioned by teachers and was developed to aid students, residents, nurses, and practitioners who care for children in the recognition and diagnosis of pediatric disorders. Our goal is to broaden the visual experience of the student and the clinician through rapid visual examination or review of laboratory tests and imaging studies.


The enthusiastic response to the previous editions of the Atlas of Pediatric Physical Diagnosis led us to believe that a sixth edition was not only possible but also necessary. Many readers offered helpful suggestions for photographs and topics to be included. Every chapter has been reviewed, revised, and updated. Additional contributors have provided greater depth and dimension. Some chapters have been entirely rewritten, and a new chapter regarding pediatric radiologic diagnosis has been added. Although new information, including imaging and diagnostic techniques, has been incorporated, we continue to emphasize the key role of the physical examination in each chapter. The book is by no means encyclopedic but rather presents an overview of clinical disorders that lend themselves to visual diagnosis. The accompanying text deliberately emphasizes pertinent historical factors, examination techniques, visual findings, and diagnostic methods rather than therapy. We firmly believe that a careful history and physical examination provide the foundation for any clinical assessment. We have attempted to select disorders that are common or important and, when relevant, to describe the spectrum of clinical findings. It is our hope that this book continues to serve as a useful and practical reference for anyone who cares for children.




Basil J. Zitelli, MD







Sara C. McIntire, MD







Andrew J. Nowalk, MD, PhD
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1 Genetic Disorders and Dysmorphic Conditions




Suneeta Madan-Khetarpal, Georgianne Arnold





The field of pediatric genetics and dysmorphology is complex, interesting, and rapidly evolving. Our knowledge base is gleaned from the careful observations of master clinicians and scientists who recognized clinical characteristics and patterns of malformation in individuals with genetic, teratogenic, developmental, and metabolic problems. They have provided us with a framework for the investigation of patients from clinical and laboratory perspectives. In addition to classic cytogenetics, molecular cytogenetics methods have been increasingly incorporated in clinical settings and have greatly assisted evaluation, enabling far greater understanding of the molecular and physiologic basis of these disorders, and have greatly increased the rate of diagnosis of children with genetic and metabolic disorders. However, even with the availability of an ever-widening array of confirmatory tests, clinical evaluation of patients remains an essential component of the complete assessment of children and adults with genetic diseases and dysmorphic conditions. This stems from the fact that careful evaluation can substantially reduce the number of differential diagnostic possibilities and, thereby, the number of diagnostic tests and the total expense.


Visual identification of dysmorphic features, baseline anthropometrics combined with serial measurements with recognition of patterns of malformation and behavioral phenotypes, remains an integral part of the diagnostic algorithm. As in pediatrics in general, genetic disorders should be investigated on the basis of a careful history, with a family pedigree and a thorough physical examination including evaluation for the presence of major and minor anomalies, and thoughtful laboratory testing. This chapter is designed to present clinicians who care for children with background on the general principles of genetics and dysmorphology, as well as updated information about important advances in our field. Although not exhaustive, it provides a framework for the broad categories of genetic diseases and discusses an approach to the evaluation of the dysmorphic child. Definitions and examples of the types of disorders resulting in genetic and/or congenital anomalies in children are described, including malformations, deformations, disruptions, associations, and sequences. We include examples of disorders inherited through classic mendelian inheritance patterns, including single-gene mutations, such as Marfan syndrome, Rett syndrome, Smith-Lemli-Opitz syndrome, and Conradi-Hünermann syndrome as well as examples of nonmendelian disorders such as teratogenic exposures in utero and disruptions or deformations of previously normal fetal structures. New etiologic mechanisms of diseases such as imprinting abnormalities and expansions of trinucleotide repeats in nuclear deoxyribonucleic acid (DNA) are presented. Last, a newly evolving area of genetics, the investigation of disorders of mitochondrial DNA and/or mitochondrial function, is discussed.






Common Chromosomal Disorders






General Principles






The Nature of Chromosomes


Productive insights gleaned from the results of the completed Human Genome Project have dramatically changed some of our understanding of how the human genome functions. However, it is important to introduce to the reader our current understanding of the subject matter. Human hereditary factors are located in genes (the genome). Approximately 10% are genes that encode proteins that are assembled to form tissue structures or to form enzymes that catalyze chemical reactions within cells. The other 90% have functions that are currently not clear (see also The Nature of Genes and Single-gene Disorders, later). The genes are composed of DNA and are stored in intranuclear cell organelles called chromosomes. Each chromosome contains one linear DNA molecule folded over onto itself several times, as well as ribonucleic acid (RNA) and proteins. Because all genes exist in pairs, all chromosomes must likewise exist in pairs. The members of each pair of genes are called alleles, and the members of each pair of chromosomes are known as homologues. The conventional depiction of the constitution of homologues in the nucleus is called the cell’s karyotype (Fig. 1-1). If at any gene locus the alleles are identical, that gene locus is homozygous. If the alleles are not identical, the gene locus is heterozygous.





[image: image]

Figure 1-1 Photomicrographs show that this is a G-banded male karyotype. (A female would have two X chromosomes and no Y chromosome.) The horizontal banding produced by the Giemsa staining technique allows for precise identification of homologous chromosomes.


(Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)





Except for gametes, normal human cells contain 23 pairs of chromosomes, 46 in all. One of these pairs is concerned in part with inducing the primary sex of the embryonic gonads. These sex chromosomes are called the X and Y chromosomes, and they are not genetically homologous except in a few areas. Women have two X chromosomes, whereas men have an X and a Y chromosome. The remaining 22 pairs are called autosomes and they determine non–sex-related (somatic) characteristics.


During most of a cell’s life cycle, chromosomes are diffusely spread throughout the nucleus and cannot be identified by morphologic means. Only when the cell divides does chromosome morphology become apparent (Fig. 1-2). The in vitro life cycle and the cellular division, or mitosis, of a somatic cell are illustrated in Figures 1-3 and 1-4, respectively. The life cycle and divisions, or meiosis, of a germ cell are much more complex and are not suitable for ordinary clinical evaluation.





[image: image]

Figure 1-2 Morphology of a chromosome during metaphase. A, Metacentric chromosome with centromere (3) in the middle. B, Submetacentric chromosome with centromere off-center. C, Acrocentric chromosome with centromere near one end. D, Telocentric chromosome (not found in humans) with centromere at one end. The DNA of the chromosome has replicated to form two chromatids: 1p and 1q represent one complete chromatid, 2p and 2q the other complete chromatid (p refers to the short arm and q refers to the long arm). The chromosome will then divide longitudinally, as shown in (B).







[image: image]

Figure 1-3 The in vitro life cycle of a somatic cell. Interphase lasts 21 hours and can be divided into the following three stages: G1 (7 hours)—cell performs its tasks; S (7 hours)—DNA replicates; G2 (7 hours)—cell prepares to divide. Then mitosis occurs.







[image: image]

Figure 1-4 Mitosis lasts about 1 hour, during which time the cell divides. A, Interphase cell at the end of G2. B, Prophase: replicated DNA condenses and is visible. C, Metaphase: 46 duplicated chromosomes align randomly on the spindle and can be photographed for karyotyping. D, Anaphase: chromosomes divide longitudinally, and half of each one moves to the opposite pole of the cell. E, Telophase: cell wall divides. F and G, Interphase at G1: two daughter cells, each with 46 chromosomes.




Any somatic cell that can divide in tissue culture can be used for chromosomal (cytogenetic) analyses. The most convenient tissue source is peripheral blood, from which lymphocytes can be stimulated to divide during 2 or 3 days of incubation in tissue culture medium. Fibroblasts obtained from skin remain a frequently used alternative when peripheral blood lymphocytes are not clinically suitable, but fibroblasts require an incubation period of 4 to 6 weeks. After death, lung tissue is the best tissue to culture for chromosomal analyses, although the process also requires a 4- to 6-week incubation period. Alternatively, skin fibroblasts are frequently obtained postmortem for various enzymatic and cytogenetic analyses, which may be used to confirm a clinical diagnosis. When a treatment decision requires urgency, preliminary chromosomal evaluation can be made within 4 to 24 hours by using uncultured bone marrow aspirate. Oftentimes the karyotype is supplemented within 48 to 72 hours by a molecular cytogenetics technique, either interphase or metaphase fluorescence in situ hybridization (FISH), using rapid culturing and diagnostic techniques. More recently, conventional cytogenetics is being substituted by high-resolution molecular karyotyping using microarray-based comparative genomic hybridization (array-CGH). Array-CGH enables copy number changes at high resolution. This is implemented in the clinical setting and is being recommended as the first step in the investigation of patients with developmental delays, mental retardation, and multiple congenital anomalies. FISH and other molecular techniques are now used primarily to confirm the imbalances detected by array-CGH. This is an ever-evolving area, and pediatric clinicians are advised to discuss clinical and laboratory investigations with clinical geneticists and/or laboratory directors before the initiation of tissue sampling to ensure the most productive use of samples and rapid testing methods.






Aneuploidy


Aneuploidy refers to an abnormality in chromosome number, in humans a chromosome number different from an even multiple of 23 (the haploid number) (Fig. 1-5). In aneuploidy there are typically 45 or 47 chromosomes instead of the usual 46. Rarely, multiples of the X or Y chromosome result in individuals with 48 or 49 chromosomes. Double aneuploidy, the simultaneous occurrence of two nondisjunctional events, has been described in the literature. In the liveborn, it usually involves one autosome and one sex chromosome. Double autosomal trisomy has been found repeatedly in spontaneous abortion but has not been demonstrated in a liveborn infant.
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Figure 1-5 Karyotype of a patient with trisomy 13 demonstrates aneuploidy. Note the extra chromosome 13, causing the cell to have 47 instead of 46 chromosomes.


(Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)





If aneuploidy occurs in a gamete as a result of an error of chromosomal division (nondisjunction or anaphase lag) during meiosis, all cells are affected in the fertilized embryo. With subsequent pregnancies, the risk for another chromosomal abnormality in the offspring is increased approximately 1% to 2% overall, in addition to the general background risk of abnormalities. The couple would be at risk for aneuploidy states of many types, not just the particular aneuploidy in their affected child. We are not yet aware of the underlying mechanism for the increased risk; however, families may benefit from an understanding of the possibilities for prenatal diagnosis in their individual case and may want to be referred for genetic counseling before the conception of another child (Fig. 1-6, A-C).





[image: image]

Figure 1-6 A female, 3 years and 8 months old, with double aneuploidy: aneuploidy depicted by cytogenetic studies. Karyotype and FISH studies show predominantly 47XXX; some 47XXX also have an extra 21 (48XXX+21). The patient has some features of Down syndrome. Note the up-slanted palpebral fissures (A), low-set ears (B), and unilateral simian crease (C). An echocardiogram showed a patent foramen ovale. The patient is receiving behavioral and speech therapy; she is not toilet trained and has an individualized education program (IEP) in preschool. Triple X females are tall and mosaic Down syndrome is similar to full Down syndrome but with a much milder phenotype. Her weight was in the 95th percentile, her height in the 80th, and occipital–frontal circumference (OFC) in the 20th.








Mosaic Aneuploidy States


Mosaicism, the presence of two or more genetically different cell lines within an individual, can result from an error in division during either meiosis or mitosis. In one possible scenario aneuploidy originates during meiotic division (i.e., before conception). In such cases the fetus starts out with an aneuploid chromosomal number and, subsequently, a division error occurs, resulting in the formation of another cell line that is chromosomally normal. In other cases of mosaicism the one-celled embryo (zygote) is chromosomally normal and a division error occurs after fertilization, during mitosis of an embryonic somatic cell, resulting in aneuploidy. Most individuals with mosaicism have only two or three different lines of embryonic cells. It requires considerable laboratory investigation to distinguish the meiotic or mitotic types. Generally speaking, parents are given a 1% to 2% recurrence risk because of the possibility of mosaicism present in a parental gonad, which is not identifiable in usual tissue sample analyses (Fig. 1-7).
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Figure 1-7 A 1-year-old with facies suggestive of Down syndrome. Note the facies and short fifth fingers and clinodactyly. The muscle tone and growth parameters were normal. Cytogenetics studies showed 2% of the cells with 47,XY+21; interphase fluorescence in situ hybridization (FISH) studies with an extra cell count showed trisomy 21 in 1.3% of 523 peripheral lymphocytes analyzed.




Hypomelanosis of Ito is characterized by marbleized or mottled areas of hypopigmented whorls of skin along the Blaschko lines and is of heterogeneous etiology. Individuals with hypomelanosis of Ito can have multiple congenital anomalies, dysmorphic features, variable mental retardation, and other neurologic findings. Karyotyping from skin lesions will reveal mosaic abnormality of chromosomes from normal or hypopigmented and hyperpigmented regions. Balanced and unbalanced chromosome aberrations and uniparental disomy may be encountered (Fig. 1-8).
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Figure 1-8 Hypomelanosis of Ito. Karyotype at birth was normal: 46,XX. At 4 months of age characteristic streaks and whorls of hyper- and hypopigmentation of the skin were noted. A higher cell-count karyotype showed mosaicism for trisomy 14.














Abnormalities of Chromosome Structure


Chromosomes can be normal in number (diploid) but still be abnormal in structure. Inversions (Fig. 1-9), deletions (Fig. 1-10), and translocations (Fig. 1-11) of genetic material are examples of structural chromosomal abnormalities. These can arise as new (sporadic) mutations in the egg or sperm from which the embryo was formed, in which case the parents’ recurrence risk for another child with a chromosomal abnormality is again 1% to 2%. However, the abnormality may also be inherited from a phenotypically normal parent who is a “carrier” of a structural chromosomal abnormality (Fig. 1-12). About 1 in 520 normal individuals carries a balanced but structurally abnormal set of chromosomes, called a chromosome translocation. The term balanced, for the purposes of this chapter, means that on cytogenetic analysis the structural abnormality does not appear to have resulted in any net loss or gain of genetic material. If the apparently balanced chromosomal abnormality has been transmitted by other members of the family who are apparently phenotypically normal, it is considered a familial balanced translocation. Data suggest that a small percentage of individuals with apparently “balanced” translocations are actually mildly affected clinically by variable degrees of cognitive and physical deficits (Warburton, 1991). Thus high-resolution chromosome analyses and molecular cytogenetics techniques, such as array-CGH, are warranted in these instances including, as needed, in situ hybridization techniques using DNA probes to completely characterize the location of the chromosome breakpoints and to determine on a molecular level whether any genetic material is missing. Molecular studies for imprinting effects may also be warranted.
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Figure 1-9 Pericentric inversion (arrow) of chromosome 13.
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Figure 1-10 Deletion (arrow) of the p arm of chromosome 5 (cri du chat syndrome).


(Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)
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Figure 1-11 Unbalanced translocation. The additional DNA was translocated onto the q arm of chromosome 5. The abnormality was inherited from a normal carrier father (see Figure 1-12) with a balanced reciprocal translocation between the q arms of chromosome 3 and chromosome 5. The patient died of multiple birth defects and in essence had a partial trisomy of the distal portion of the q arm of chromosome 3.
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Figure 1-12 A “balanced” reciprocal translocation from chromosomes 3 to 5 in a normal man (the father of the chromosomally defective newborn whose karyotype is shown in Figure 1-11).




A frequent way in which families with apparently balanced chromosome translocations present for evaluation occurs when a child is born with structural malformations and on karyotyping is found to have an unbalanced chromosome translocation. This may have occurred de novo in the child’s chromosomes only or may be due to a previously undiagnosed familial balanced chromosomal translocation in a parent. Parental karyotypes are used to distinguish the etiology and are crucial in providing accurate genetic counseling regarding future pregnancies for that couple.












Incidence of Chromosomal Abnormalities


Data from Hook (1992) suggest that upward of 50% of human conceptions terminate in a spontaneous abortion. Most of these miscarriages occur so early during gestation that the pregnancy is never recognized. The earlier the abortion occurs, the more likely it is that the miscarried embryo had a chromosomal abnormality. Of recognized first-trimester abortuses, 50% are chromosomally abnormal, compared with 5% of later embryos. Among the chromosomally abnormal abortuses, the most frequent abnormalities are triploidy (69 chromosomes), trisomy 16, and 45,X (Turner syndrome) (Table 1-1). Generally speaking, triploidy and trisomy 16 are not compatible with life and are only occasionally seen among liveborn infants. Despite the fact that Turner syndrome is relatively common among liveborn infants, the majority of conceptuses with 45,X also abort spontaneously. The incidence of chromosomal abnormalities among liveborn infants in general is about 6 in 1000. Among a group including both stillborn infants and infants who die in the immediate perinatal period, the number is increased to approximately 50 in 1000.


Table 1-1 Occurrence of Chromosomal Abnormalities






	Among Spontaneous Abortuses

	Incidence (%)






	Overall incidence

	32.0






	First trimester

	52.0






	After first trimester

	5.8






	Type of abnormality seen in spontaneous abortions

	 






	Trisomy 16

	 






	Other trisomies

	 






	Triploidy

	 






	45,X

	 






	Miscellaneous

	 






	Among Liveborns

	No. of Cases per 1000






	Overall incidence

	6.20






	Abnormality of autosomes

	4.19 (males and females)






	Trisomies

	 






	Balanced rearrangements

	 






	Unbalanced rearrangements

	 






	Abnormality of sex chromosomes

	2.03 (males and females)






	In males: XXY, XYY, mosaics

	 






	In females: 45,X (0.08), XXX, mosaics (1.43)

	 







About one quarter of all conceptuses are chromosomally abnormal. About 50 in 1000 stillborns have a chromosomal abnormality.









When to Suspect a Chromosomal Abnormality


Chromosomal abnormalities of either number or structure are likely to have a detrimental effect on the phenotype of an affected individual. Aneuploidy of an autosome, or nonsex chromosome, generally significantly impairs physical and cognitive development. However, aneuploidy of a sex chromosome may have little or no apparent effect on the phenotype. One should look for clustering of abnormalities in family members to suggest a problem, although their absence does not rule out a chromosomal abnormality.


Carriers of an inherited or a de novo reciprocal translocation are usually genetically balanced and are subsequently normal. However, their conceptuses are likely to be genetically unbalanced and may abort spontaneously or be born with major congenital anomalies. A history of unexplained infertility, multiple spontaneous abortions (three or more), and particularly of a previous birth to the couple or to a close relative of a child with dysmorphic findings and/or major anomalies may be an indication that one of the parents carries a balanced chromosomal translocation or rearrangement. A chromosome study on the couple is thus indicated, and if translocation is found, they should seek antenatal genetic counseling. This may also be advisable for extended family members.


A normal person who carries a balanced reciprocal translocation can commonly produce six chromosomal types of gamete. On fertilization, these gamete types can result in several possible fertilized embryos: a normal conceptus, a carrier conceptus like the normal carrier parent, two types of immediately lethal conceptus resulting from gross chromosomal imbalances (i.e., too much or too little DNA), or two types of abnormal conceptus caused by lesser chromosomal imbalances. Whether the latter two types abort spontaneously or come to term as liveborns cannot be predicted in advance solely on theoretical grounds. Therefore genetic counseling in such situations depends somewhat on analysis of what has occurred within the individual family and in other families with similar rearrangements. Rarely, other types of chromosomal imbalances are found in conceptuses of such carrier parents.


Experience suggests the following: If a carrier has already produced a chromosomally unbalanced liveborn child, then it is apparent that it is possible for this to occur again in future pregnancies, and the risk that the translocation carrier might have another chromosomally unbalanced liveborn infant can be as high as 20%. However, if the translocation carrier parent has produced either only healthy liveborn infants or spontaneous miscarriages, then it is less likely that the chromosomally unbalanced gametes are viable. Consequently, that person’s risk for producing a chromosomally unbalanced liveborn is only about 4%. Last, if a couple of whom one spouse is a carrier has not yet experienced any pregnancies, their risk for a chromosomally abnormal liveborn is estimated to be about 10%.















New Technologies






Fluorescence in Situ Hybridization


FISH is a laboratory technology that has revolutionized the diagnostic capabilities of clinical cytogenetic laboratories. In this technique a DNA probe is tagged with a label that fluoresces when viewed under a special microscope. A cocktail of many repetitive DNA probes blanketing a specific chromosome from end to end can be obtained. This is called a FISH “paint.” Using special microscope filters, a clinician can simultaneously FISH paint a slide with probes fluorescing in two or three different colors. FISH paints specific for all chromosomes are available.


Some of the well-recognized syndromes described initially by FISH probes for chromosome microdeletion syndromes include the following:




• Angelman syndrome: del 15q11-13


• Prader-Willi syndrome: del 15q11-13


• Cri du chat syndrome: del 5p15.2


• DiGeorge sequence/velocardiofacial syndrome: del 22q11.2


• Miller-Dieker/lissencephaly syndromes: del 17p13.3


• Williams syndrome: del 7q11.23


• Smith-Magenis syndrome: del 17p11.2


• Wolf-Hirschhorn syndrome: del 4p16.3


• Severe X-linked ichthyosis: del Xp22.3


• 1p36 deletion syndrome


• 1q21.1 deletion syndrome


• 16p13.11 deletion


• Phelan-McDermid syndrome: del 22q13.3





See Figures 1-13 and 1-14 for details on Prader-Willi/Angelman syndrome and Wolf-Hirschhorn syndrome.
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Figure 1-13 4′,6′-Diamidino-2-phenylindole (DAPI)–counterstained metaphase and interphase images showing a duplication of the Prader-Willi/Angelman (D15S10 locus) critical region (red). The chromosome 15 centromere is used as a control (green). Adjacent to the centromere in red is the normal pattern for D15S10. SNRPN, small nuclear ribonucleoprotein-associated polypeptide N.


(Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)








[image: image]

Figure 1-14 Metaphase chromosomes showing a deletion of the Wolf-Hirschhorn syndrome (WHS) critical region (red). A chromosome 4 centromere (4CEP) probe is used as a control, shown here in green. Absence of the red probe signal on one chromosome 4 (arrow) indicates a deletion of the WHS region at 4p16.3.


(Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)












Array-based Technology: Microarray for Evaluation of Copy Number Variation


In addition to classic cytogenetics, molecular cytogenetic methods are being incorporated in clinical settings at an increased rate. More recently, conventional cytogenetics is being substituted with high-resolution molecular karyotyping using microarray-based comparative genomic hybridization (array-CGH). Array-CGH analyses are proficient in detecting imbalances in the genome and enable detection of copy-number changes at high resolution. This technique has been implemented by the American College of Medical Genetics (ACMG) as the first step in the investigation of patients with developmental delays, mental retardation, multiple congenital abnormalities, and autism spectrum disorders and has the highest diagnostic yield, up to approximately 15% to 28%. This is much higher than the diagnostic yield of G-banded karyotypes (on the order of 3%), excluding Down syndrome and other recognizable chromosomal syndrome (Miller et al, 2010). In addition, molecular cytogenetic techniques, such as array-CGH, have demonstrated that approximately 20% of apparently balanced chromosome translocations, de novo or familial, have gain or loss of genetic material at the breakpoints. Therefore, molecular cytogenetic studies are warranted because they completely characterize the location of the chromosome breakpoints and potentially identify additional genetic material that may be duplicated or deleted that would not otherwise be detected by the traditional cytogenetic methods. FISH and other molecular techniques are now used primarily to confirm the imbalances detected by array-CGH. With microarray testing, many new microdeletion and microduplication syndromes have emerged (e.g., deletion 1p36, deletion 1q21.1, and deletion 16p13.11 syndromes) (Fig. 1-15; and see e-Figs. 1-1 through 1-3).
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Figure 1-15 An 8-year-old with del22q.11 and 1p31.1 microdeletion. Patient is short in stature; has a right aortic arch, sacral dimple, left cryptorchidism, and global developmental and significant cognitive and speech delays; and is not toilet trained. He had undergone surgical repair of the palate for velopharyngeal incompetence. Note the low-set, cupped, and posteriorly rotated ears and hypoplastic alae nasi. DiGeorge syndrome was diagnosed in utero by prenatal fluorescence in situ hybridization (FISH) on amniocytes: 46, XY, ish del(22) (q11.2q11.2) (TUPLE1–) was confirmed at 6 years of age by oligonucleotide arrays. In addition, 1p31.1 microdeletion was detected and maternally inherited.
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e-Figure 1-1 Microarray characterization of 1p31 and 22q11.21 deletions in a single proband. A, Microarray plot showing single-copy loss of 89 oligonucleotide probes from the short arm of chromosome 1 at 1p31. Probes are ordered on the x axis according to physical mapping positions, with the most distal p-arm probes to the left and the most distal q-arm probes to the right. Values along the y axis represent log2 ratios of patient : control signal intensities. B, Microarray plot showing single-copy loss of 205 oligonucleotide probes from the long arm of chromosome 21 at 21q11.21. Probes are arranged as in (A), with the most proximal q-arm probes to the left and the most distal q-arm probes to the right. Results are visualized with Genoglyphix software. (Signature Genomics, Spokane, WA).


(Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)
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e-Figure 1-2 A, Fluorescence in situ hybridization (FISH) showing a deletion at 1p31.1. Probe 1p31.1 is labeled in red and chromosome 1 centromere probe D1Z1 is labeled in green as a control. The presence of only one red signal indicates deletion of 1p31.1 on one homologue (arrow).


B, FISH showing a deletion at 22q11.21. Probe 22q11.21 is labeled in red, and BAC clone RP11-676E13 from 22q13.33 is labeled in green as a control. The presence of only one red signal indicates deletion of 22q11.21 on one homologue (arrow).


(A, Courtesy Urvashi Sirti, PhD, Pittsburgh Cytogenetics Laboratory.)
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e-Figure 1-3 A, Microarray characterization of 16p13.11 deletion. Microarray plot shows a single-copy loss of 170 oligonucleotide probes from the short arm of chromosome 16 at 16p13.11. Probes are ordered on the x axis according to physical mapping positions, with the most distal p-arm probes to the left and the most distal q-arm probes to the right. Values along the y axis represent log2 ratios of patient : control signal intensities. Results are visualized with Genoglyphix software (Signature Genomics).


B, Fluorescence in situ hybridization (FISH) showing a deletion at 16p13.11. Probe 16p13.11 is labeled in red, and chromosome 16 centromere probe D16Z2 is labeled in green as a control. The presence of only one red signal indicates deletion of 16p13.11 on one homologue (arrow).


(A, Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)




Single-nucleotide polymorphism (SNP) arrays are being used in clinical settings and allow genome-wide copy-number analysis. The copy-number changes may provide insight into abnormalities such as segmental and uniparental disomy by revealing “copy number-neutral” areas of continuous homozygosity that can give rise to disease, congenital anomalies, and/or cognitive impairment. SNP arrays may be helpful in identifying translocated segments in uniparental disomy and in looking for imprinting effects of the chromosomal regions.


Molecular karyotyping and single nucleotide polymorphism (SNP) arrays are ultimately more cost-effective tests and have been extremely useful to clinicians in identifying necessary medical surveillance and treatment options, and they provide information on recurrence risks and prenatal options for families.


The impact of these newer methodologies continues to emerge, but their usefulness in providing information key to clinical prognosis is clearly becoming evident.


Array-CGH has been increasingly used for genetic testing of individuals with idiopathic mental retardation, developmental delay, autism spectrum disorders, and multiple congenital anomalies. By combining the array-CGH technique with classic cytogenetic and confirmatory FISH and appropriate molecular analyses, we are also able not only to identify cryptic genomic alterations but also to further analyze gross genomic alterations including marker chromosome or other rearrangements identified by the classic cytogenetic analysis.


In cases of disorders with several etiologic mechanisms such as Angelman syndrome, the absence of a deletion does not mean the child does not have the condition. An alternative mechanism, such as an imprinting center defect or uniparental disomy, may be the cause and would require methylation studies for detection.


DiGeorge sequence is discussed in Chapter 4, Williams syndrome is discussed in Chapter 5, and Angelman and Prader-Willi syndromes are covered later in this chapter. The remaining syndromes are outlined briefly in Table 1-2 and in Figure 1-16, A-D; Figure 1-17; and Figure 1-18.


Table 1-2 Some Syndromes Identifiable with Fluorescence in Situ Hybridization Probes






	Syndrome

	Major Findings

	Comments






	Cri du chat (deletion 5p15.2)

	Microcephaly, round face, down-slanting palpebral fissures, epicanthal folds, hypertelorism, catlike cry in infancy

	 






	Isolated lissencephaly

	Lissencephaly (incomplete development of brain with smooth surface)

	Approximately 30% have deletion 17p13.3






	Miller-Dieker phenotype with lissencephaly

	Microcephaly, lissencephaly, variable high forehead, vertical furrowing of central forehead, low-set ears, small nose with anteverted nostrils, congenital heart disease, poor feeding

	Deletion 17p13.3 in vast majority






	Deletion 22q11.2

	Phenotypes:




• Velocardiofacial syndrome


• DiGeorge sequence


• Some cases of Opitz syndrome


• Conotruncal type of congenital heart disease (in an infant with dysmorphic features)







	Appears to be a common deletion and should be considered in the differential diagnosis of children with multiple anomalies even if the features are not classic to any one phenotype






	Wolf-Hirschhorn (deletion 4p16.3)

	Moderate to severe cognitive impairment, hypertelorism, preauricular pit or tag, broad nasal bridge, micrognathia, cleft palate, short philtrum, growth deficiency

	 






	Smith-Magenis (deletion 17p11.2)

	Brachycephaly, flat facies, broad nasal bridge, short stature

	Self-hugging behaviors, sleep disturbances
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Figure 1-16 A-D, Williams syndrome in four different patients: hallmark features include supravalvular aortic stenosis, hypercalcemia, friendly personality, connective tissue abnormalities, and characteristic facies. Note the periorbital fullness, epicanthal folds, prominent lips, long philtrum, and stellate lacy iris pattern. All cases with clinical features were confirmed on fluorescence in situ hybridization (FISH) alone or microarrays.
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Figure 1-17 Metaphase image showing a deletion of the Williams critical region (red). Chromosome 7q31 probe (green) is used as a control. Absence of the red probe signal on one chromosome 7 (arrow) indicates a deletion of the elastin (ELN) locus at 7q11.23.


(Courtesy Urvashi Surti, PhD, Pittsburgh Cytogenetics Laboratory.)
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Figure 1-18 X-linked steroid sulfatase deficiency. A 14-year-old patient presented with joint laxity, struggles in school, and microcephaly. The karyotype was normal. Note the ichthyosis; the patient’s brother was not evaluated but was reported to have ichthyosis, attention-deficit/hyperactivity disorder (ADHD), and seizures. Deletion of the steroid sulfatase (STS) gene from the Xp22.31 region was confirmed by oligonucleotide arrays.














Approach to the Evaluation of a Dysmorphic Child


Approximately 2% to 3% of liveborn infants have an observable structural abnormality. This number rises to about 4% to 5% by the time the child is old enough to attend school. Structural differences can be determined to be either major or minor in character (Table 1-3, and Figs. 1-19 and 1-20). Major structural anomalies have functional significance. Examples are polydactyly, colobomas of the iris (see Chapter 19, Fig. 19-69), meningomyelocele, and cleft lip. Minor anomalies are usually of cosmetic importance only. Examples are epicanthal folds of the eyes, single transverse palmar creases, and supernumerary nipples. The incidence of isolated major anomalies in the general newborn population is approximately 1%, and the incidence of minor anomalies is approximately 14%. Both are more common in premature newborns.


Table 1-3 Examples of Congenital Anomalies






	Category

	Major

	Minor






	Craniofacial

	Choanal atresia

	Plagiocephaly






	 

	 

	Flat occiput






	Eyes

	Coloboma of iris

	Epicanthal folds






	Ears

	Microtia

	Preauricular pit






	Hands

	Polydactyly
Absent thumbs

	Single transverse palmar crease






	 

	 

	Clinodactyly










[image: image]

Figure 1-19 Clinical photographs show several minor anomalies seen at birth. A, Preauricular skin tag. B, Clinodactyly of the fifth finger. C, Macroglossia. D, Microretrognathia.


(Courtesy Christine L. Williams, MD.)
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Figure 1-20 Clinical photographs show several major anomalies seen at birth. A, Encephalocele. B, Cleft lip and palate. C, Meningomyelocele. D, Ectrodactyly (previously termed lobster-claw deformity). E, Polydactyly (postaxial). F, Bilateral clubfoot. G, Hypospadias. H, Fused labia with enlarged clitoris. I, Imperforate anus.


(Courtesy Christine L. Williams, MD.)





The probability of an infant having a major anomaly increases with the number of minor anomalies found. Thus all children with multiple minor anomalies warrant a careful clinical assessment in order to find potentially significant occult major anomalies. Once an anomaly is identified, assessing its significance begins with a determination of whether the anomaly in question is a single localized error in morphogenesis or one component of a multiple malformation syndrome. An understanding of the pathophysiologic mechanisms that produce structural abnormalities or differences provides an opportunity to define the types of structural abnormalities seen. This also assists the process of identifying the etiology and arriving at a specific diagnosis, which then can be useful in determining the prognosis and estimating the risk of recurrence of a similar problem in future pregnancies.


Definitions of the classifications of structural anomalies aid in communication between clinicians and in the process of evaluation and are summarized from Jones (2006):




Malformation: A malformation is an abnormality of embryonic morphogenesis of tissue. It usually results from genetic, chromosomal, or teratogenic influences, but it can be of multifactorial etiology. Malformations are divided into two main categories: those that constitute a single primary defect in development and those that represent a single component of a multiple malformation syndrome. A multiple malformation syndrome can be defined as one having several observed structural defects in development involving multiple organ systems that share the same known or presumed etiology. Malformations often require surgical intervention.


Deformation: A deformation represents an alteration (often molding) of an intrinsically normal tissue caused by exposure to unusual extrinsic forces. A classic example is clubfoot, which may be the result of uterine constraint from crowding associated with a multiple gestation. A more severe example is the compressed facial features (“Potter facies”) of a child exposed to severe uterine constraint associated with oligohydramnios, due to renal agenesis (see Chapter 13, Fig. 13-38). The vast majority of deformations respond to medical therapy alone and have a relatively good prognosis in contrast to malformations, which frequently require surgical intervention.


Disruption: A disruption represents a breakdown of normally formed tissue; the breakdown may be the result of vascular accidents or exposure to adverse mechanical forces that are usually more severe than those that produce deformation. A classic example is the combination of clefting, constriction bands, and limb reduction defects associated with the presence of amniotic bands (see Chapter 2, Fig. 2-46). The earlier these vascular accidents or abnormal forces occur during embryogenesis, the more severe the resulting defects (Fig. 1-21).


Dysplasia: Dysplasia is characterized by abnormal organization of cells within tissue, which usually has a genetic basis. An example is achondroplasia, the most frequent form of skeletal dysplasia.
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Figure 1-21 Amniotic band syndrome; note the constriction ring at the ankle and amputation of the toes, a sequela to the amniotic bands.




(Note: Each of the preceding categories can have a sequence [see below] associated with it.)


Sequence: The term sequence refers to a recognizable pattern of multiple anomalies that occurs when a single problem in morphogenesis cascades, resulting in secondary and tertiary errors in morphogenesis and a corresponding series of structural alterations. A classic example is the Robin malformation or Pierre Robin sequence, in which the single primary malformation is microretrognathia (see Chapter 23, Fig. 23-63). The resulting glossoptosis, or posterior placement of the tongue in the oropharynx, interferes with normal palatal closure if the lingual displacement occurs before 9 weeks’ gestation. The resulting cleft palate is U-shaped, rather than having the V shape that is usually seen in classic cleft palate, a finding that aids in recognition.


Association: An association is a pattern of malformations that occurs together too frequently to be due to random chance alone, but for which no specific etiology is yet recognized.





The approach to the evaluation of a child with a dysmorphologic abnormality is similar to a careful diagnostic evaluation of most pediatric problems, starting with a complete history and careful physical examination. In obtaining these it is helpful to remember that there are six broad etiologic categories to be considered in the differential diagnosis: a known syndrome, an unknown syndrome, a chromosomal abnormality, a teratogen, a congenital infection, and a maternal disease and/or placental abnormalities.


The history should include the following:




• Course of the pregnancy, complications including possible infections or environmental exposures, medications/substance abuse


• Prior pregnancies, spontaneous abortions, stillborns, or infant/child deaths for this couple


• Labor/delivery/perinatal problems


• Past medical history


• Growth and development


• Meticulous family history with family tree going back three generations and including the following:



• Familial traits and growth characteristics



• Familial physical or developmental disorders



• Spontaneous abortions, stillborns, infant/child deaths in extended family





The physical examination entails the following:




• Thorough general examination


• A search for major and/or minor anomalies


• Neurodevelopmental assessment





In addition, focused examination of immediate family members for physical characteristics and growth parameters and review of family photo albums may be helpful.


Determining how the child fits into the norms for growth and development for the general population, for the family’s ethnic group(s), and for the extended family is important. One continuing challenge is to determine whether the norms for the family are truly in the normal range for the general population and ethnic background or, in fact, constitute variability of a genetic trait present in its severe expression in the child or family member seen for evaluation.


The identification of a recognizable pattern of both major and minor anomalies provides the clinical dysmorphologist with a diagnosis, or a short list of differential diagnostic possibilities. Thus the detection of major and minor anomalies is critical in the diagnostic process. Identification of specific and unusual malformations that are uncommon and occur in only a few syndromes can be especially helpful. For example, finding that a child has long palpebral fissure length and pronounced fingertip fat pad size in combination with the pattern of anomalies typical of the Kabuki syndrome makes it extremely likely that the diagnosis is the Kabuki syndrome. Training in dysmorphology emphasizes the recognition of key components in patterns of malformation, as well as the specific findings useful in distinguishing syndromes with similarities from one another. Texts that outline currently recognized patterns of malformations can be helpful in assisting the clinician in the identification of specific features that can rule a diagnosis in or out. Commercial computer-based programs exist for syndrome identification; however, these are often more effectively used by experts in the field because of the complexity of terminology and the need for exacting descriptions of the anomalies present in a given child.


A chromosome study should be performed on each child with a syndrome of congenital anomalies. Such a study may establish or confirm the diagnosis of a chromosomal disorder and its hereditary potential and may possibly help map the chromosomal location of genes for those syndromes known to be simple mendelian disorders.






Abnormalities of Autosomes






Down Syndrome


The worldwide incidence of Down syndrome among liveborns is approximately 1 in 660, with 45% of affected individuals born to women older than 35 years of age. The incidence of Down syndrome among conceptuses is far greater than among liveborns because the majority of Down syndrome fetuses spontaneously abort.


No single physical stigma of Down syndrome exists; rather, the clinical diagnosis rests on finding a recognizable constellation of clinical characteristics including a combination of major and minor anomalies (Fig. 1-22).
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Figure 1-22 Down syndrome. These clinical photographs show several minor anomalies associated with this disorder. A, Characteristic facial features with up-slanting palpebral fissures, epicanthal folds, and flat nasal bridge. B, Brushfield spots. C, Bridged palmar crease, seen in some affected infants. Two transverse palmar creases are connected by a diagonal line. D, Wide space between first and second toes. E, Short fifth finger. F, Small ears and flat occiput.




The most frequent features are up-slanting palpebral fissures and small external ears (by length). Several major anomalies are commonly associated with Down syndrome. Congenital heart disease is found in 45% of cases, particularly atrioventricularis communis and ventricular septal defects. Hence all newborns with Down syndrome should undergo cardiac evaluation with echocardiogram. About 5% have a gastrointestinal anomaly, most commonly duodenal atresia or Hirschsprung’s disease. An increased incidence of thyroid disorders also exists, particularly of the autoimmune type. Thus regular testing of thyroid function is recommended. Acute and neonatal leukemias occur 15 to 20 times more frequently in people with Down syndrome than in the general population. In newborns, much of this is represented by transient leukemoid reactions, with complete remission being the most frequent outcome. Quantitative abnormalities are found in many enzyme systems. People with Down syndrome are shorter than family members and the general population and have premature graying of hair. As adults, most males are infertile, but females may reproduce and can have children who will also have Down syndrome approximately one third of the time.


Minor anomalies include brachycephaly; inner epicanthal folds; Brushfield spots; flat nasal bridge; a small mouth with protruding tongue that fissures with age; a short neck with redundant skin folds; single transverse palmar (simian) creases; clinodactyly of the fifth fingers, with single digital crease caused by hypoplasia of the middle phalanx; and wide spacing between the first and second toes. The number of such anomalies varies in any particular case.


With rare exceptions, individuals with Down syndrome are cognitively impaired. The degree of impairment varies, with intelligence quotients (IQs) ranging from 20 to 80. Most individuals function in the mild to moderate range of developmental delay. The advent of individualized programs of early intervention therapy, education, and sporting activities has resulted in much improved outcomes and individuals who are much more likely to function at the maximum of their developmental capabilities. Autopsy analyses of brains from individuals with Down syndrome have revealed the neuropathologic changes of Alzheimer’s disease in 100% of those older than 40 years. Nevertheless, only about 25% of older individuals with Down syndrome exhibit clinical manifestations of Alzheimer’s disease. The reason for the clinical–pathologic discordance is not known. However, there does tend to be a progressive loss of cognitive functioning after the fourth decade of life. Longevity, although less than that of the general population, has steadily increased over the years. Individuals with Down syndrome who do not have congenital heart disease may expect to live well into their 60s. The principal causes of death in children with Down syndrome are infection, congenital heart disease, and malignancy.


The etiology of Down syndrome is trisomy 21, the presence of an extra chromosome 21 either as a simple trisomy or as part of a chromosome 21 fused with another chromosome. These fused chromosomes are often robertsonian translocation chromosomes or isochromosomes. Cases of mosaicism, in which trisomy 21 cell lines coexist with cell lines with the standard 46 chromosomes, exist as well and may range in phenotype from normal to that typical of complete trisomy 21. An association between trisomy 21 and advanced maternal age is clear (Table 1-4).


Table 1-4 Maternal Age–Specific Risk for Trisomy 21 at Live Birth






	Maternal Age (yr)

	Prevalence at Live Birth






	25

	1/1350






	30

	1/890






	35

	1/355






	40

	1/97






	45

	1/23







About 5% of Down syndrome cases represent a centric fusion translocation between the long arm of a chromosome 21 and those of a 13, 14, 15, 21, or 22 acrocentric chromosome. Of these, about one third are inherited from a clinically normal, balanced carrier parent; in the remaining two thirds the translocation is new in the affected child. Chromosome studies should therefore be performed on the parents and appropriate family members of an individual with translocation Down syndrome. If a parent carries a 21/21 translocation, all liveborns will have Down syndrome; for the remaining 21/centric fusion translocations, the empiric recurrence risk for a Down syndrome liveborn is less than 2% if the father is the carrier and roughly 15% if the mother is the carrier. The parents of children with trisomy 21 may benefit from genetic counseling to determine their individual risk of having another child with Down syndrome or with other chromosomal abnormalities in future pregnancies.









Trisomy 13


Trisomy 13 is a relatively rare (1 in 5000) genetic condition caused by the presence of additional chromosome material from all or a large part of chromosome 13. The vast majority of embryos with classic trisomy for a complete 13th chromosome abort spontaneously, but approximately 5% survive to be liveborn. They have a severe, recognizable pattern of malformation that allows clinicians to suspect this etiology immediately (Fig. 1-23). The hallmark features are defects of forebrain development related to those seen in holoprosencephaly, aplasia cutis congenita, polydactyly (most frequently of the postaxial type), and narrow hyperconvex nails. A broader listing of features is outlined in Table 1-5, which can be useful in comparing the features frequently seen in infants with trisomy 13 with those seen in trisomy 18. As with many syndromes, trisomy 13 and trisomy 18 share structural abnormalities; however, they usually are distinguishable on the basis of the pattern of anomalies present. Liveborn infants with trisomy 13 represent those who have the least severe structural abnormalities of major organs. Of these, about 5% survive the first 6 months of life. Thus discussions with parents about surgical interventions must take into account the small possibility of long-term survival and require sensitivity to the needs of the child and family.
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Figure 1-23 Several physical manifestations of trisomy 13. A, Facies showing midline defect. B, Clenched hand with overlapping fingers. C, Postaxial polydactyly. D, Equinovarus deformity. E, Typical punched-out scalp lesions of aplasia cutis congenita.


(A, Courtesy T. Kelly, MD, University of Virginia Medical Center, Charlottesville; B to E, courtesy Kenneth Garver, MD, Pittsburgh, Pa.)





Table 1-5 Physical Abnormalities and Frequencies of Occurrence in Trisomy 13 and Trisomy 18 Syndromes






	Abnormality

	Trisomy 13

	Trisomy 18






	Severe developmental retardation

	††††

	††††






	Approximately 90% die within first year

	††††

	††††






	Cryptorchidism in males

	††††

	††††






	Low-set, malformed ears

	††††

	††††






	Multiple major congenital anomalies

	††††

	††††






	Prominent occiput

	†

	††††






	Cleft lip and/or palate

	†††

	†






	Micrognathia

	††

	†††






	Microphthalmos

	†††

	††






	Coloboma of iris

	†††

	†






	Short sternum

	†

	†††






	Rocker-bottom feet

	††

	†††






	Congenital heart disease

	††

	††††






	Scalp defects

	†††

	†






	Flexion deformities of fingers

	††

	††††






	Polydactyly

	†††

	†






	Hypoplasia of nails

	††

	†††






	Hypertonia in infancy

	†

	†††






	Apneic spells in infancy

	†††

	†






	Midline brain defects

	†††

	†






	Horseshoe kidneys

	†

	†††







Symbols: Relative frequency of occurrence ranges from †††† (usual) to † (rare).


Milder chromosome abnormalities involving extra material determined to originate from chromosome 13 must be identified and distinguished from classic trisomy 13 because the clinical phenotype and prognosis may be different and, in some cases, less severe. Children with mosaicism, that is, with a normal cell line and a trisomy 13 cell line, as well as those with trisomy of part of chromosome 13, can be identified by chromosome analysis. Careful laboratory investigation must be carried out to identify the exact chromosomal abnormality. The advent of FISH technology has dramatically increased the ability of laboratory specialists to characterize chromosome rearrangements, with the goal being to identify the exact breakpoints of the chromosomes involved in the rearrangements. Molecular studies then may be possible to determine any potential impact of the rearrangement on individual genes and their products. This information is extremely helpful to clinicians in determining prognosis and in providing more realistic information when discussing treatment options. Rarely, children who have the recognizable pattern of clinical features of trisomy 13 have normal chromosomes. If a geneticist/dysmorphologist is not already involved, a consultation is warranted to aid in diagnosis and prognosis counseling and to determine any recurrence risks for the parents in future pregnancies.









Trisomy 18


The chromosomal disorder trisomy 18 occurs in approximately 3 in 10,000 newborns, and females are more likely to be liveborn. Affected infants are small for gestational age and have a frail appearance, and the face tends to appear petite relative to the rest of the craniofacial contour (Fig. 1-24, A). They also have a recognizable pattern of malformation, but in these infants hallmark features—clenched hands with overlapping fingers (see Fig. 1-24, B), short sternum, and “low arch” fingerprint patterns—are minor anomalies. Major anomalies, especially congenital heart disease, are generally present as well and are the source of significant morbidity and mortality. Other common findings include a prominent occiput, low-set and structurally abnormal ears, micrognathia, and rocker-bottom feet (see Fig. 1-24, C). See Table 1-5 for a broader listing of clinical features that can be useful in distinguishing trisomy 18 from trisomy 13, which shares many of the same structural abnormalities.
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Figure 1-24 Several physical manifestations of trisomy 18. A, Typical profile reveals prominent occiput and low-set, posteriorly rotated malformed auricles. B, Clenched hand showing typical pattern of overlapping fingers. C, Rocker-bottom feet.


(Courtesy Kenneth Garver, MD, Pittsburgh, Pa.)





Trisomy 18 was previously thought to be almost invariably fatal in the neonatal period; however, more recent data suggest that a small percentage of children can live longer, and that between 5% and 10% will be alive at their first birthday. Survivors are more frequently female and have less severe structural abnormalities of major organs than most affected infants. Even with optimal neonatal, pediatric, and surgical management and excellent home-based care, children with classic trisomy 18 often “fail to thrive” and have significant developmental and cognitive impairments. Discussions with parents about interventions must take into account the slim possibility of long-term survival and require sensitivity to the needs of the child and family. Great care must be taken in providing a balanced picture to the family when discussing treatment options.


Chromosome analysis allows clinicians to evaluate the etiology of the trisomy and can help determine prognosis. Results can demonstrate classic trisomy 18 due to a complete extra chromosome 18, mosaicism for trisomy 18, or a complex chromosome abnormality involving one or more chromosomes. Children with chromosomal rearrangements that result in partial rather than complete trisomy 18 may have a milder clinical outcome. Trisomy limited to the short arm of chromosome 18 is associated with a significantly milder prognosis, whereas trisomy of the entire long arm of chromosome 18 may be indistinguishable from an individual with classic trisomy 18. An infant with smaller areas of trisomy for the long arm of chromosome 18 may show some, but not all, of the features of classic trisomy 18. Thus chromosomal study of each child is essential.


If a complex chromosome rearrangement is identified in a child, further parental chromosome studies are indicated. Chromosome analysis of the parents will determine whether the rearrangement is new in the child (de novo) or is the result of a familial balanced translocation. Full characterization of the extent of a chromosome rearrangement also allows clinicians to provide more accurate information regarding prognosis, treatment options, and recurrence risk to the family. If a familial balanced translocation is present in one of the parents, other family members may benefit from genetic counseling to discuss recurrence risk and the availability of prenatal diagnosis for future pregnancies.


It has been our experience that parent support organizations can be extremely helpful to family members in the long process of adjustment to having a child with a chromosome problem. If the child dies, these groups can be helpful as a resource to the parents because of the similarity of their collective experience and can assist them in the grieving and healing process. They can also be a source of ongoing support and information to parents of a child with trisomy 13 or trisomy 18 who may live but who will face major medical and developmental challenges due to the chromosomal abnormality.












Abnormalities of Sex Chromosomes






Turner Syndrome


Turner syndrome is one of the three most common chromosomal abnormalities found in early spontaneous abortions. The phenotype is female. About 1 in 2000 liveborn females has Turner syndrome. Primary amenorrhea, sterility, sparse pubic and axillary hair, underdeveloped breasts, and short stature ([image: image] to 5 ft) are the usual manifestations. Other external physical features may include webbing of the neck; cubitus valgus; a low-set posterior hairline; a shield chest with widely spaced nipples; and malformed, often protruding, ears (Fig. 1-25, A-E). Internally, renal anomalies may be present along with congenital heart disease, particularly bicuspid aortic valve (in 30% of cases) and coarctation of the aorta (in 10% of cases). Affected women have an infantile uterus, and their ovaries consist only of strands of fibrous connective tissue. Newborns often have lymphedema of the feet and/or hands (Fig. 1-25, D and E), which can reappear briefly during adolescence. Mental development is usually normal. Schooling and behavioral problems seem to be the same as in age-matched control subjects, although difficulty with spatial orientation such as map reading may be a problem. The classic physical findings of Turner syndrome may be absent, or the abnormalities may be so minimal in the newborn that the diagnosis is missed. The first indication may be unexplained short stature in later childhood or failure to develop secondary sex characteristics by late adolescence. Thus a chromosome study is indicated as part of the diagnostic workup of adolescent girls with these complaints.
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Figure 1-25 Clinical photographs show several physical manifestations associated with Turner syndrome. A, In this newborn a webbed neck with low hairline, shield chest with widespread nipples, abnormal ears, and micrognathia are seen. B, The low-set posterior hairline can be better appreciated in this older child who also has protruding ears. C, In this frontal view mild webbing of the neck and small widely spaced nipples are evident, along with a midline scar from prior cardiac surgery. The ears are low set and prominent, protruding forward. D and E, The newborn shown in (A) also had prominent lymphedema of the hands and feet.




The karyotype in the majority of individuals with Turner syndrome is 45,X. Most often, the missing sex chromosome is paternally derived, so the risk of Turner syndrome does not increase with maternal or paternal age. Another 15% of individuals with Turner syndrome are mosaics (XO/XX, XO/XX/XXX, or XO/XY). The physical stigmata may be less marked in mosaics, some of whom may be fertile. If an XY cell line is present, the intraabdominal gonads should be removed because they are prone to malignant change. The remaining cases of Turner syndrome have 46 chromosomes including one normal plus one structurally abnormal X. The latter may have a short (p) arm deletion or may be an isochromosome duplication of the long (q) arm of the X chromosome; usually it is paternally derived. Cases of Turner syndrome with one normal and one abnormal X chromosome are more likely to have other, more serious major anomalies including cognitive deficits. A structurally abnormal X chromosome may lead to abnormal X inactivation resulting in a deleterious dosage effect for X-linked genes. Karyotypes such as 46,XYp- or 46,Xi(Yq) result in a female with Turner syndrome.


Moreover, loss of the short arm of an X chromosome results in full-blown Turner syndrome; deletion of the long arm usually produces only streak (fibrous) gonads with consequent sterility, amenorrhea, and infantile secondary sex characteristics without the other somatic stigmata of Turner syndrome. If the diagnosis is clinically suspected, a chromosome study should be ordered. Should the affected child be 45,X or a mosaic, the parental risk for recurrence of a chromosomally abnormal liveborn is 1% to 2% but may be higher if a parent carries a structurally abnormal X chromosome.


Antenatal diagnosis of chromosomally abnormal fetuses should be discussed with the parents, and the relatively good prognosis for Turner syndrome liveborns should not be overlooked. Girls with Turner syndrome should receive appropriate hormone therapy during adolescence to enable development of secondary sex characteristics and stimulate menses. Rarely, 45,X women with Turner syndrome have been fertile for a limited number of years.









Klinefelter Syndrome


One in 500 newborn boys has Klinefelter syndrome. The physical stigmata are subtle and usually not obvious until puberty, at which time the normal onset of spermatogenesis is blocked by the presence of two X chromosomes. Consequently the germ cells die, the seminiferous tubules become hyalinized and scarred, and the testes become small. Testosterone levels are below normal adult male levels, although the level varies from case to case (the average being about half as much as normal). Hence there is a wide range in degree of virilization. At one extreme is the man with a small penis and gynecomastia (Fig. 1-26); at the opposite extreme is the virile mesomorph with a normal penis. Scoliosis may develop during adolescence. The average full-scale IQ of men with Klinefelter syndrome is 98, which is about the same as the general population. Behavioral problems may be more common than in the population at large, however.





[image: image]

Figure 1-26 Clinical photographs show several physical manifestations of Klinefelter syndrome. A, Relatively narrow shoulders, increased carrying angle of arms, female distribution of pubic hair, and normal penis but with small scrotum due to small testicular size. B, Small testes and penis. C, Gynecomastia.


(B, Courtesy Peter Lee, MD, Hershey Medical Center, Hershey, Pa; C, from Gardner LI, editor: Endocrine and genetic diseases of childhood, ed 2, Philadelphia, 1975, WB Saunders.)





The karyotype in Klinefelter syndrome is XXY in 80% of cases and mosaic (XY/XXY) in the other 20%. Rarely the latter type may be fertile. About 60% of cases reflect a chromosome error in oogenesis, and in 40% an error in spermatogenesis. The risk of having an affected child increases with maternal age. Males with more than two X chromosomes (XXXY, XXXXY) are usually cognitively impaired and are more likely to have skeletal and other major congenital anomalies such as cleft palate, congenital heart disease (particularly a patent ductus arteriosus), and microcephaly. The parents’ recurrence risk for another chromosomally abnormal liveborn is 1% to 2%; antenatal diagnosis with subsequent pregnancies is possible.









XXX and XYY


Triple X females have a karyotype result of 47,XXX. The incidence is approximately 1 in 1000 liveborn females. Affected individuals have no characteristic abnormal physical features. Although usually within the normal range of intelligence, their IQ scores may be lower than those of their normal siblings, delays in development of motor skills and coordination are common, and approximately 60% require some special education classes. Behavioral problems occur in approximately 30% and are usually mild. XXX women are fertile, and their children are usually chromosomally normal.


XYY males have a karyotype result of 47,XYY. The incidence is 1 in 840 liveborn males. They tend to be tall in comparison with their own family members, but generally their phenotypic appearance is normal. As for 47,XXX females, their IQ is usually within the normal range but may be lower than that of siblings. Affected boys often come to medical attention because of problems with fine motor coordination, speech disorders, and learning disabilities. Early reports raised concerns about significant behavioral problems; however, long-term prospective studies now suggest that these boys do not have any greater incidence of problem behaviors than the general population.


The risk of recurrence for a couple with a child with an XXX or XYY karyotype depends on many factors including the parents’ own karyotype results and advancing maternal age. Therefore it is recommended that they be referred for individualized genetic counseling when considering future pregnancies.















Molecular Cytogenetic Syndromes


Advances in molecular genetics have provided new insights into the genetic pathogenesis of several syndromes often associated with specific cytogenetic abnormalities.






Fragile X Syndrome


It has long been recognized that there is a significant excess of males in moderately to severely mentally retarded populations. Much of this inordinate male representation is the result of altered X-linked recessive genes. These may represent new mutations or inheritance of the abnormal gene from normal heterozygous (carrier) mothers. About 1 in 150 individuals, usually male, has some form of X-linked mental retardation. Of these it is estimated that between 30% and 50% have fragile X syndrome.


In 1969 Herbert Lubs noted in short-term lymphocyte cultures the in vitro cytogenetic marker now called fragile X. However, its clinical significance was not realized until a 1977 report by G. R. Sutherland in Australia. Under tissue culture conditions that starve the cell of its ability to synthesize thymidylic acid, a chromosome break at Xq27, the distal part of the long arm of the X chromosome (Fig. 1-27), is visible in cells of individuals clinically affected with fragile X syndrome. By pedigree analysis, about 1 in 4000 males has the fragile X gene.
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Figure 1-27 Fragile X chromosome marker in lymphocyte culture. Partial metaphase plate shows the chromosome break at Xq27 (arrow) characteristic of fragile X syndrome (solid Giemsa stain).




Fragile X syndrome is the first recognized example of a trinucleotide repeat disorder. The gene involved, located at Xq27.3, is called FMR1 and is active in brain cells and sperm. At the start of the gene is the DNA trinucleotide CGG, which in the general population is normally repeated about 5 to 50 times (the average being 30). The presence of from 55 to 200 CGG repeats is considered a fragile X premutation. Individuals with a premutation appear clinically normal. The finding of more than 200 linear CGG repeats is considered a full mutation and in males results in fragile X syndrome. In females with more than 200 linear CGG repeats, there are clinical effects in 50% and apparently little or no effect in 50%. The explanation for this disparity in females most likely is the phenomenon known as X chromosome inactivation (Fig. 1-28). Premutations and, in females, random X inactivation explain the lack of penetrance of the fragile X gene.
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Figure 1-28 Functional behavior of the X chromosome in XX females. A, Somatic and premeiotic germ cells. Implantation occurs 5 days after conception, at which time in each female cell either XM or XP is randomly genetically inactivated and remains so in each of the cell’s descendants. Because the process is random, by determining the proportion of cells with an inactive XM or inactive XP in each of a large population of women, a gaussian population distribution of women is generated. That is, most women in the population will have an approximate 50 : 50 mix of cells, in which each cell expresses either XM or XP. However, some women will by chance have more cells with an inactive XM and vice versa. B, Meiotic germ cells. When a female germ cell enters first prophase of meiosis, X inactivation is abolished; both X chromosomes become genetically active through fertilization and continue so until embryonic uterine implantation. Then, as in (A), random X inactivation in XX females occurs all over again.




No cases of new mutations for these FMR1 gene CGG trinucleotide expansions or repeats have been found. That is, all such expansions are inherited from a parent. A man with a premutation passes it on to all of his daughters as a premutation. Men with a full mutation generally do not reproduce. Men with premutations, however, do not have affected sons, because they give their Y chromosome to all of their male offspring.


Women heterozygous for either a premutation or full mutation have a 50% chance of passing it on to each child as follows: If she has a full mutation, she passes it on as a full mutation in most instances; if she has a premutation, she passes it on to her child as either a premutation or expanded into a full mutation, depending on the size of her own premutation. As the number of repeats in the premutation increases, the greater the likelihood that her premutation will expand to a full mutation in her offspring. The relative risk is shown in Table 1-6.


Table 1-6 Relative Risk of Maternal Transmission of a Fragile X Premutation to Her Offspring as a Full Mutation






	Number of CGG Repeats in Mother’s Premutation

	Risk of Expansion to Full Mutation in Offspring (%)






	55-59

	3.7






	60-69

	5.3






	70-79

	31.1






	80-89

	57.8






	90-99

	80.1






	100-109

	100






	110-119

	98.1






	120-129

	97.2







From Saul RA, Tarleton JC: FMR1-related disorders. GeneReviews [Internet]. Seattle (WA): University of Washington, Seattle; 1993-1998 [updated June 16, 2011]. Available from www.genetests.org.


Males affected with fragile X syndrome have cognitive impairment, ranging from severe to borderline in degree. The majority have an IQ between 20 and 49, and the remainder fall in the 50 to borderline IQ range. Furthermore, IQ may decline with age. The majority have speech delay, short attention span, hyperactivity, persistence of mouthing objects, and poor motor coordination. Many exhibit a variety of disordered behaviors including disciplinary problems, temper tantrums, poor eye contact, perseverative speech, hand flapping, avoidance of socialization, and rocking. Physical stigmata may include long, wide, or protruding ears; long face; a prominent jaw; flattened nasal bridge; “velvety” skin; hyperextensible joints; and mitral valve prolapse. Relative macrocephaly is more likely than microcephaly. Macroorchidism is found in most mature males.


Approximately 50% of females affected with full-mutation fragile X are clinically normal. The 50% who are affected usually have lesser degrees of cognitive impairment than males; about 35% fall in the 20 to 49 IQ range and the remainder fall in the 50 to borderline range. However, learning disabilities, mood disorders, schizoid personality, and significant disturbances in affect, socialization, and communication are common. The physical features often seen in males with fragile X syndrome are less common in females.


Laboratory testing for fragile X mutations is done by molecular genetic techniques. The standard molecular genetic test is Southern blot analysis of DNA extracted from cells, usually in blood. Another molecular genetic technique, polymerase chain reaction (PCR) analysis of DNA, can be done with less blood. These techniques can also be applied to fetal cells for the purpose of antenatal diagnosis. However, if the fetus is a female with a full mutation, it is impossible to predict with certainty whether the child will be clinically affected with fragile X syndrome after birth because of the influence of X inactivation.


Rarely, an individual may seem to have a mild form of fragile X syndrome but tests are negative using these molecular genetic laboratory techniques. Another fragile X gene site (FRAXE) distal to the fragile X gene on Xq is associated with mild mental retardation and a positive fragile X cytogenetic laboratory test.


The number of known trinucleotide expansion disorders is increasing. Three other examples are Huntington disease, caused by a CAG trinucleotide expansion in its gene at the end of chromosome 4p; myotonic dystrophy, resulting from a CTG expansion in its gene on chromosome 19q; and spinobulbar muscular atrophy caused by a CAG expansion in its gene on the proximal part of chromosome Xq.












Disorders of Imprinting (Epigenetic Phenomena): Prader-Willi and Angelman Syndromes






Etiologic Mechanisms


Prader-Willi and Angelman syndromes are disorders that derive from abnormalities of imprinted genes. The concept of imprinting refers to the fact that the function of certain genes is dependent on their parental origin: maternal versus paternal. This appears particularly true of the 15q11-q13 region of chromosome 15, a region that contains several imprinted genes that, when abnormal, result in recognizable constellations of physical and behavioral problems.


Mechanisms that can produce the Prader-Willi phenotype include the following:




1 A chromosome deletion of 15q11-q13 including the Prader-Willi critical region of the paternally derived chromosome 15 (majority of cases)


2 A structural chromosome abnormality involving the Prader-Willi critical region of 15q11-q13 (translocation, etc.)


3 Maternal uniparental disomy (UPD) in which the child has two maternally derived chromosome 15s and no paternally contributed chromosome 15 (25% of cases). Note: The association of UPD with older maternal age suggests that in these cases the fetus may originally have had trisomy 15 but that owing to a phenomenon known as trisomic rescue, one of the three chromosome 15s was lost, returning the fetus to the normal chromosome number. If the “lost” chromosome was paternally derived, then UPD-derived Prader-Willi results.


4 Mutations of imprinting control center genes (1% of cases)





The critical region of chromosome 15 for Angelman syndrome is located adjacent to the Prader-Willi critical region. However, when deletion of the Angelman critical region is causative, it is the maternally derived chromosome that is deleted. The six currently identified etiologic mechanisms of Angelman syndrome include the following:




1 A large chromosome deletion of 15q11-q13 including the Angelman critical region of the maternally derived chromosome 15 (68% of cases)


2 A structural chromosome abnormality involving the Angelman critical region of 15q11-q13 (translocation, etc.)


3 Paternal UPD of chromosome 15 (7% of cases)


4 Mutations of imprinting control center genes (3% of cases)


5 Mutations of the ubiquitin-protein ligase gene (UBE3A) (11% of cases)


6 Classic phenotype, with no identifiable etiologic mechanisms but a positive family history of other affected individuals (11% of cases)





Note: Mechanisms 4, 5, and 6 account for approximately 25% of cases of Angelman syndrome.


Because of etiologic variability and complexity of the diagnostic process, families of children suspected of having either of these disorders should be referred for genetic evaluation and diagnostic testing to ensure the most accurate determination of etiologic mechanism, and therefore, of recurrence risk.


Current diagnostic testing for these disorders includes the following:




1 Karyotype with high-resolution cytogenetic technology


2 Methylation studies, which determine whether genes within the 15q11-q13 critical region are functional


3 Appropriate oligoarrays that cover and encompass SNRPN (small nuclear ribonucleoprotein-associated polypeptide N) for Prader-Willi syndrome and D15S10 for Angelman syndrome


4 In some cases of Angelman syndrome, direct analysis of the UBE3A gene












Clinical Findings in Prader-Willi Syndrome


Newborns affected with Prader-Willi syndrome usually are markedly hypotonic and often have a history of decreased fetal movement in utero and breech fetal position. Although birth is usually at term, birth weights tend to be below 3000 g. In neonates, in addition to hypotonia, poor sucking and swallowing are common and predispose to choking episodes that can cause respiratory problems. Although the baby’s cry may be weak and Moro and deep tendon reflexes are often decreased, the neurologic evaluation is otherwise unremarkable. Subsequently motor development is delayed, speech even more so, and most patients have cognitive impairment in the mild to moderate range. Hypotonia abates over the first 2 to 3 years, and patients develop an insatiable appetite that rapidly results in morbid obesity. The distribution of excess fat is particularly prominent over the lower trunk, buttocks, and proximal limb. Although the facies are not particularly dysmorphic, they are similar in most Prader-Willi patients. The bifrontal diameter is narrow, the eyes are often described as “almond shaped,” and strabismus is not unusual. Hypopigmentation is common, the patient usually having blond to light brown hair, blue eyes, and sun-sensitive fair skin. Picking of skin sores can become a problem. Hands and feet are noticeably small from birth, and the stature of the older child and adult is short. The penis and testes are hypoplastic in males with Prader-Willi syndrome, although the penile size can be enlarged by testosterone therapy. If the testes are cryptorchid, surgical correction should be attempted. Menarche in females is delayed or absent, and menses, when present, are sparse and irregular. Gonadotropic hormone levels are reduced in both sexes. Infertility is the rule, but there are two known exceptions.


Of particular concern in older children with Prader-Willi syndrome are problems of emotional lability and extreme temper tantrums. These conditions and the overeating often can be partly ameliorated by intensive inpatient behavioral modification programs followed by longitudinal parental support and follow-up in the home. Interestingly, despite a normal basal metabolic rate, weight reduction requires significantly more severe caloric restriction in these patients than in normal persons. Diabetes mellitus can develop in the older child, and its incidence is correlated with the severity of obesity. Although it tends to be insulin resistant, the condition responds well to treatment with oral hypoglycemic agents. Life expectancy can be shortened by cardiorespiratory complications related to the extreme obesity (pickwickian syndrome).









Clinical Findings in Angelman Syndrome


Angelman syndrome, first recognized in 1956, has an incidence of 1 in 15,000 to 1 in 20,000 live births. Except for the tendency to have hypopigmentation, the clinical phenotypes of Prader-Willi and Angelman syndromes are quite different. The latter have severe cognitive deficits; speech is impaired or absent; and inappropriate paroxysms of laughter are common. Physical features include microbrachycephaly, maxillary hypoplasia, large mouth, prognathism, and short stature (in adults). The gait is ataxic, with toe-walking and jerky arm movements. Akinetic or major motor seizures are common. Although survival to adulthood is possible, to date only one patient with Angelman syndrome has been known to reproduce.


Note: Some other examples of imprinting disorders are Beckwith-Wiedemann syndrome (Fig. 1-29, A-C).and Russell-Silver syndrome.
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Figure 1-29 A, Beckwith-Wiedemann syndrome. Note the macrosomia, macroglossia, and asymmetry with hemihypertrophy and omphalocele and/or umbilical hernia. Craniofacial features also include unusual ear creases. B, At 3 months of age; note the macroglossia, right facial prominence, and ear creases. C, At 27 months of age; note the resolving umbilical hernia. The elevated α-fetoprotein (AFP) levels from infancy have normalized. The patient has nephromegaly, and is under surveillance for the detection of embryonal tumors by serum AFP and abdominal and renal sonograms every 4 months. Chromosomes were normal male complement, 46,XY. The abnormal methylation pattern of the LIT1 gene at the 11p15 region confirmed the clinical diagnosis of Beckwith-Wiedemann syndrome.














The Nature of Genes and Single-Gene Disorders


A gene consists of a sequence of DNA that contains the code for production of a “functional product” along with sequences that ensure “proper expression” of the gene. Its product may be an RNA molecule or a polypeptide chain or protein that ultimately becomes a structural component of a cell or tissue, or of an enzyme. The latter may catalyze a step in formation or modification of another product, a step in cell metabolism, or one of a number of steps involved in the breakdown or degradation of molecules that are no longer necessary. “Proper expression” includes production of the product at the right time, in the needed amount, in the correct cell type and ensures its transport to its proper site of biologic action.


Approximately 30,000 genes are arranged in linear fashion on the chromosomes, all having their own specific locus. Genes range in length from about 1000 to hundreds of thousands of bases in length (any of which can be subject to mutation). Coding sequences for a gene’s product, termed exons, vary in length and are not continuous but occur in sections with noncoding sequences, termed introns, interspersed between them. Exons are further subdivided into triplets of bases, termed codons, each of which encodes a specific amino acid within the polypeptide product. Because there are 64 possible triplet combinations of the 4 nucleotide bases (adenine, guanidine, thymine, and cytosine) and 20 amino acids, most amino acids have more than one codon that can specify them, the exceptions being methionine and tryptophan, which have only one specific codon each. In addition, three triplets encode stop codons in the messenger RNA (mRNA) that signal the termination of mRNA translation.


The process of going from DNA code to polypeptide product has many steps and begins with transcription, during which the DNA of the gene serves as a template for the formation of an mRNA molecule. RNA synthetase, proteins called transcription factors, and regulatory elements all participate in this process, which is initiated and concluded by DNA sequences that signal where to start and stop transcription. After this, both ends of the mRNA molecule undergo modification. Thereafter, the introns are excised and the exons spliced together. Then the mRNA is transported to the rough endoplasmic reticulum within the cytoplasm, where it attaches to ribosomes, and the process of translation from mRNA template to polypeptide chain begins. During translation transfer RNA (tRNA) molecules, each of which is specifically designed to attach to a particular amino acid, find their target moieties and bring them into position at the correct time over a codon on the mRNA that specifies for their particular amino acid.


After assembly, the polypeptide chain is released from its template and then may be subject to posttranslational modification. Steps may include folding, bonding into a three-dimensional conformation, being combined with another or other polypeptide chains as part of a protein complex, being split into smaller segments, and addition of phosphate or carbohydrate moieties. Thereafter, it is transported to its site of action via directional terminal sequences, which are then cleaved from the finished product. Mutation of a gene encoding the polypeptide product or for any molecule used at any step along the entire process can adversely influence the end product.


A single-gene mutation produces a permanent change in a gene’s DNA sequence and may involve anywhere from one to several thousands of nucleotides. Most appear to affect only one to a few to several base pairs via substitution of one base for another or by deletion or insertion of one or more bases.


Some mutations have no effect on phenotype or cell function. One example is a base substitution within a codon for an amino acid that changes it to another codon specifying the same amino acid. Still other mutations have no adverse effect but rather encode normal variations in human characteristics (e.g., eye or hair color). Other mutations do have adverse effects and are causative in disease. Examples of these include missense mutations, in which a base substitution changes a codon specific for one amino acid into one specifying another; frameshift mutations, in which a deletion or insertion is not an exact multiple of three bases, and thereby shifts the reading frame for transcription (and later translation) from that point on; and nonsense mutations, in which a base substitution changes a codon for an amino acid into one specifying one of the three possible stop codons in mRNA, thereby stopping translation prematurely.


A single-gene disorder is the result of a mutation altering the DNA sequence within a single gene on one (dominant) or both (recessive) of a pair of chromosomes. Correspondingly, this change may result in alteration of the amount of the gene’s product, failure to produce the product at all, and/or compromise of its functional integrity. The greater the degree of functional loss, the more severe the clinical manifestations of the disorder and often the earlier their onset. Figures 1-30 through 1-33 are representative of single-gene disorders.





[image: image]

Figure 1-30 Classic presentation for features of X-linked recessive hypohidrotic ectodermal dysplasia at 1 to 20 months of age. At 1 month the infant was admitted to “rule out sepsis” with high fever, but all the workup was negative. A, Note the thin, sparse, fine hair. B, Severe hypodontia and anterior conical teeth. C, Low nasal bridge, periorbital wrinkling, full forehead, prominent lips, and prominent supraorbital ridges. DNA analysis of the EDA1 gene at the Xq12 region showed the missense mutation and confirmed the clinical diagnosis. The mother and her maternal female relatives have variable and milder clinical features.
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Figure 1-31 Incontinentia pigmenti syndrome. A-C, At 7 weeks of age this patient manifested erythema, and blisters on the trunk and extremities. Hyperkeratotic lesions have already started. This X-linked dominant condition is lethal in males. One third of the patients have psychomotor delays, microcephaly, and seizures, which were not observed in this patient. Mutation(s) in the NEMO gene at Xq28 are encountered in the majority of patients. By 5 months of age the rash was already resolving. D, Rash replaced with hyperpigmentation on the trunk and pale hairless patches or streaks subsequently on the lower limbs. Patient was confirmed to have intragenic microdeletion of the NEMO gene, involving exons 4 through 10.
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Figure 1-32 A girl, 3 years and 3 months old, with macrocephaly, macrosomia, and PDD-NOS (pervasive developmental disorder, not otherwise specified). A missense mutation was found in the PTEN gene.
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Figure 1-33 A 4-month-old male with classic features of Treacher Collins syndrome. Note the down-slanted palpebral fissures, malar hypoplasia, malformed auricle, and mandibular hypoplasia. The mutation was identified as a single sequence variation (Nt2897insC) in the TCOF1 gene in the 5q31 region that introduces a premature stop codon.




Mutation(s) of gene(s) within the nuclear genome are also recognized as mendelian disorders. The occurrence and/or recurrence are in fixed proportions (Mendel’s laws). These disorders are compiled in a catalog, the Online Mendelian Inheritance in Man (OMIM; http://www.ncbi.nlm.nih.gov/omim), which is a great resource. Phenotype–genotype correlations are unfolded by detailed clinical evaluation, recognition at a clinical level, and confirmation by molecular diagnostics confirming the genotype.


Pedigree analyses are usually helpful. Autosomal, X-linked, recessive, and dominant patterns are recognized. Gene penetrance, disease expressivity, genetic (locus) heterogeneity, and allelic heterogeneity are some of the well-recognized complexities characterizing mendelian disorders.


The family of disorders known as osteogenesis imperfecta (OI; see also Chapter 21) provides a good example of the effects of mutations that alter the precursors of a structural protein, type I collagen. Collagen is a triple helix made up of two pro-α1 chains and one pro-α2 chain. The latter are composed of hundreds of amino acid triplet repeats, with glycine (the smallest amino acid) being the first member of each triplet and forming the apex of each bend in the helical structure. A base substitution in a codon specifying glycine at any one of the hundreds of such points along either the COL1A1 gene (on band 17q21) or the COL1A2 gene (on band 7q22.1) may result in the production of an unstable mRNA molecule that is degraded in the nucleus, or in the production of structurally abnormal pro-α1 or pro-α2 chains. The assembly of these may be slowed; they may be subject to excessive posttranslational modification, may be unstable and subject to degradation, or may have difficulty conforming and associating with other prochains to form the triple helix. The earlier the altered mRNA codon appears in the translation process, the more abnormal is the resulting prochain structure, and the greater is the degree of compromise of collagen strength and function within connective tissues. Also, because there are two pro-α1 chains for each pro-α2 chain, mutations in the COL1A1 gene are more likely to be deleterious. These types of mutations, which result in the synthesis of structurally abnormal products, are the basis for clinical abnormalities found in types II to IV OI.


In type I OI, the causative mutations in the COL1A1 gene (often nonsense or splicing mutations) usually result in the production of mRNA that is so abnormal it is degraded before it can leave the nucleus and be translated, or in the synthesis of a prochain that is unstable and degraded. Hence the mutant gene is unexpressed, that is, a null mutation. The end result of this is that the patient can make only 50% of the expected amount of type I collagen, although all of the product is structurally normal. Being the mildest form of OI, it demonstrates the fact that in many cases of mutations involving genes that encode structural polypeptides or proteins, it can be better to have no gene product than to have an abnormal one.


The phenomenon of excessive posttranslational modification of a structurally abnormal gene product is also seen in some types of Ehlers-Danlos syndrome (see Ehlers-Danlos Syndrome, later).


When the gene product is an enzyme or a component of an enzyme, this results in interruption of its step in a chain of reactions that may be involved in the formation or modification of a product, a step in cell metabolism, or in the degradation of molecules no longer needed by the cell. The missed step results in a build-up of substrate from the step preceding the one in which the affected enzyme acts. In some instances this accumulated substrate can be toxic, as in phenylketonuria. In others, ever-expanding storage of substrate can adversely affect cell function, as in the lysosomal storage diseases.






Connective Tissue Disorders of Genetic Origin


See Table 1-7 for examples of some connective tissue disorders of genetic origin.


Table 1-7 Differentials for Connective Tissue Disorders






	Diagnosis

	Inheritance

	Molecular Basis






	Stickler syndrome

	AD

	
COL2A1 gene






	
COL11A1 gene






	
COL11A2 gene






	
COL9A1 gene






	EDS type IV

	AD

	
COL3A1 gene






	EDS type VI

	AR

	
PLOD1 gene






	Beals contractural arachnodactyly

	AD

	
FBN2 gene






	Homocysteinemia

	AR

	Defect in cobalamin synthesis






	Arterial tortuosity syndrome

	AR

	
SLC2A10 gene






	MASS phenotype

	AD

	
FBN1 gene






	Loeys-Dietz syndrome

	AD

	
TGFBR1 gene






	
TGFBR2 gene






	Familial aortic aneurysm

	AD

	
ACTA2 gene






	
MYH11 gene






	Klinefelter syndrome (47,XXY) or triple X syndrome (47, XXX)

	Chromosomal

	Chromosomal






	Fragile X syndrome

	X-linked

	
FMR1 gene






	Shprintzen-Goldberg syndrome

	 

	Unknown







AD, autosomal dominant; AR, autosomal recessive; EDS, Ehlers-Danlos syndrome; MASS, mitral valve prolapse, myopia, borderline and non-progressive aortic enlargement, and nonspecific skin and skeletal findings that overlap with those seen in Marfan syndrome.






Marfan Syndrome


Marfan syndrome is a genetic disorder of connective tissue that is inherited as an autosomal dominant trait, although approximately 25% to 30% of cases represent new mutations. The site of the genetic abnormality or mutation is the fibrillin gene (FBN1) located at band 15q21.1 on chromosome 15. As a result, the molecular structure of the protein fibrillin, an intrinsic component of connective tissue, is abnormal. Clinical consequences are most notable in the musculoskeletal, cardiovascular, and ocular systems and in the dura. Approximately 70% of cases are familial. Classic phenotypic findings include arachnodactyly (Fig. 1-34, A and B); joint hyperextensibility due to ligamentous laxity (see Chapter 5, Fig. 5-8, B); tall stature with long, thin extremities; a decreased upper-to-lower segment ratio; an arm span that exceeds height; and moderate to severe pectus excavatum or carinatum (Fig. 1-34, C). Pes planus and thoracolumbar kyphoscoliosis are other common skeletal features (Fig. 1-34, D). A defect in the suspensory ligaments of the eye is responsible for subluxation of the lens (seen in 50% to 60% by age 10 years), which is usually displaced in an upward direction. Myopia and astigmatism are common, and affected individuals are also at risk for developing glaucoma, cataracts, and retinal detachment in adulthood. Mitral valve prolapse (MVP) may progress to mitral insufficiency (at times associated with arrhythmias). Of great concern is progressive aneurysmal dilatation of the ascending aorta and, less commonly, the thoracic or abdominal aorta. The latter is the major source of morbidity and mortality because it can result in acute dissection and death. Dural ectasia in the lumbosacral region, assessed by computed tomography (CT) or magnetic resonance imaging (MRI) of the spine, is observed in 65% of cases. The presence of a high arched palate is common. The incidence of hernias, both inguinal and femoral, is increased, and patients often have striae of the skin in unusual places such as the shoulder. Although most Marfan individuals are of normal intelligence, an occasional patient may have learning disabilities.
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Figure 1-34 Marfan syndrome. A and B, This young man has prominent arachnodactyly of both fingers and toes. Note the clubbing due to associated cardiopulmonary problems and the flattening of the arch of his foot. He also has severe pectus carinatum (C) and significant kyphosis and joint contractures (D). Also note his long arms.




The disorder is currently diagnosed primarily on clinical grounds. In addition, family history and multiorgan manifestations are variable and may have age-dependent expressivity. All the manifestations of this condition are classified as either major or minor diagnostic criteria. The diagnostic criteria for Marfan syndrome (first established in Berlin; Beighton et al, 1988) were revised as the Ghent criteria (De Paepe et al, 1996). These have continued to be revised and the most recent revised Ghent diagnostic criteria were established in 2010 (Loeys et al, 2010). The diagnostic criteria are based on cardiovascular, ocular, and skeletal features, the presence of a dural ectasia, and family history. These revisions have placed an increasing emphasis on the cardinal features of Marfan syndrome. Because it takes time for a number of the major abnormalities to develop or to become clinically evident, a firm diagnosis is generally impossible in early childhood, especially in the absence of a positive family history. The molecular testing of an individual who clinically meets the diagnostic criteria for Marfan syndrome is not usually necessary. Molecular testing is being used more frequently in children with an emerging clinical phenotype, especially in the absence of family history. The recurrence risk for affected individuals to their offspring is 50%.


When the diagnosis of Marfan syndrome is strongly suspected or confirmed, patients should be monitored closely during growth spurts for signs of onset and progression of kyphoscoliosis; in addition they should undergo regular ophthalmologic evaluations, and have regular echocardiograms and electrocardiograms. When aortic dilatation is detected, administration of β-blockers can slow progression by decreasing blood pressure and the force of myocardial contractions. Subacute bacterial endocarditis (SBE) prophylaxis may or may not be indicated for patients with evidence of cardiovascular involvement. Patients also should be cautioned to avoid weight lifting and contact sports.


The differential diagnosis of Marfan syndrome includes Loeys-Dietz syndrome; Beals congenital contractural arachnodactyly (Figs. 1-35 through 1-39); homocystinuria; the MASS phenotype (MASS being an acronym for MVP, borderline nonprogressive aortic dilatation, striae and marfanoid skeletal features, without ocular findings); familial ectopia lentis; Klinefelter syndrome (47,XXY), triple X syndrome (47,XXX), and many syndromes characterized by joint hypermobility such as Stickler syndrome and Ehlers-Danlos syndrome types IV and VI; familial thoracic aortic aneurysm and aortic dissection (TAAD); neuromuscular disorders; fragile X syndrome; and some of the rare dysmorphologic entities such as Shprintzen-Goldberg syndrome.
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Figure 1-35 An adult female presented during the first trimester of pregnancy with a long-standing diagnosis of Marfan syndrome. On clinical evaluation, she had hypertelorism, low-set ears, and bifid uvula. Arachnodactyly, kyphoscoliosis, and marfanoid habitus were encountered. Cardiology evaluation was consistent, with an echocardiogram showing dilatation at the aortic root (with aortic sinus measurement of approximately 4.5 cm) and mitral valve prolapse. Cardiac surgery immediately after delivery was recommended. DNA tests confirmed Loeys-Dietz syndrome due to mutation in the TGFBR1 gene. FBN1 and TGFBR2 analyses were normal.
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Figure 1-36 Infant with Loeys-Dietz syndrome at 3 months of age. Note the retromicrognathia, hypertelorism, low-set ears, and failure to thrive.
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Figure 1-37 The mother has clinical features of Loeys-Dietz syndrome. She has a pathogenic mutation in the TGFBR1 gene. Her infant son, seen here at 5 months of age, is clinically affected and already has a dilated aorta. His mother had undergone valve-sparing aortic root repair on an emergent basis, due to possible dissection complicated by right coronary artery injury and bypass procedure.
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Figure 1-38 A-C, Beals contractural arachnodactyly. Note the crumpled ears, arachnodactyly, and joint contractures. The patient was confirmed to have a missense mutation in the fibrillin II gene (FBN2).
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Figure 1-39 Beals syndrome variant. This child was found to have an abnormality of fibrillin-2 secretion in fibroblasts. A, She was tall and had arachnodactyly with contractures. B, Her broad forehead and hypertelorism are physical features that help distinguish her case from classic Beals syndrome and Marfan syndrome.




Loeys-Dietz syndrome is a more aggressive connective tissue disorder than Marfan syndrome; it is characterized by craniofacial, cutaneous, and skeletal manifestations along with vascular manifestations; and aneurysms and dissection of the aorta (in the root, thoracic, and/or abdominal regions) and cerebral vessels. Tortuosity of blood vessels and heart defects, involving the bicuspid aortic valves and atrial septal defects, may be observed. Translucent skin and organ rupture, specifically in postpartum females, have been reported. Mutations in transforming growth factor-β receptor type 1 (TGFBR1) and TGFBR2 result in Loeys-Dietz syndrome. Research in the area of therapy has found TGF-β to be involved in the formation of aortic aneurysms. Losartan, an angiotensin II type 1 receptor blocker, inhibited TGF-β in a mouse model of Marfan syndrome (as shown by H.C. Dietz; Habashi et al, 2011), leading to inhibition of aortic growth. These results are promising; treatment of patients with Marfan syndrome may reduce aortic enlargement. At present, double-blind studies are being conducted in adults and pediatric patients to look into treatment with losartan (Fig. 1-40).
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Figure 1-40 Diagram of events mediated by AT1 signaling. ACEi, angiotensin-converting enzyme inhibitor; AngI and AngII, angiotensins I and II; AT1 and AT2, angiotensin II subtypes 1 and 2 receptors; MMP2 and MMP9, matrix metalloproteinases 2 and 9; TGFβ, transforming growth factor-β; TSP-1, thrombospondin-1.











Ehlers-Danlos Syndrome


Ehlers-Danlos syndrome (EDS) is composed of a group of inherited connective tissue disorders, the major features of which consist of hyperextensibility and fragility of the skin and ligamentous laxity with secondary joint hypermobility. Each type stems from a defect in synthesis of type I, III, or V collagen, resulting in decreased tensile strength of connective tissues. Previously divided into types I to XI, it has been reclassified into six major subgroups on the basis of their predominant clinical features; mode of inheritance; and, when known, underlying defect. Table 1-8 presents these along with their estimated incidence. Given limitations of space, we focus on the clinical features of the four most common types.




Table 1-8 Classification of Types of Ehlers-Danlos Syndrome
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Ehlers-Danlos Syndrome: Classic Type


In the classic form of EDS (previously known as subtypes I and II), cutaneous manifestations are especially prominent, although they may have a wide spectrum of severity. Skin hyperextensibility is prominent (Fig. 1-41, A); the texture is smooth and “velvety”; and the skin is abnormally fragile, with easy bruising and tearing. Wound healing is impaired and slower than average, often resulting in the formation of unusually wide atrophic scars that have a thin papery quality, sometimes likened to cigarette paper (see Fig. 1-41, B).
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Figure 1-41 Ehlers-Danlos syndrome—classic type. A, Note the marked hyperextensibility of the skin over this child’s arm. B, These widened atrophic scars have the thin papery texture that is characteristic of Ehlers-Danlos syndrome. C and D, Hyperextensibility of the joints of the elbow and fingers is seen as well.




When these children incur lacerations necessitating wound closure, use of glue or tape is preferable to sutures because the latter tend to tear away from the fragile skin. Staples are better tolerated for closure of operative incisions, and postoperatively development of incisional hernias is not uncommon.


Two features unique to this type are the tendency to form pseudotumors under scars located over bony prominences and to develop subcutaneous fatty tumors over the forearms and shins.


Although usually not as severe as in the hypermobility type, ligamentous laxity and joint hypermobility also are features (see Fig. 1-41, C and D) and predispose to sprains, subluxations, and dislocations, and to early onset of chronic musculoskeletal pain.


Hypotonia and gross motor delays are seen in some infants and young children with this type of EDS.









Ehlers-Danlos Syndrome: Hypermobility Type


In hypermobility-type EDS, the most common type, ligamentous laxity and attendant joint hypermobility are the major source of symptomatology. All joints, large and small, are affected, and patients are prone to frequent and recurrent subluxations and dislocations, especially of the patella, shoulder, and temporomandibular joints. Chronic limb and joint pain due to the excessive pull placed on periarticular structures, and to dislocations, develops early on and can become increasingly debilitating over time.


Cutaneous manifestations vary widely in severity and include a smooth “velvety” texture, hyperextensibility, and easy bruisability.









Ehlers-Danlos Syndrome: Vascular Type


Vascular-type EDS is the most serious form of EDS because fragility of vascular and visceral tissues accompanies cutaneous and joint abnormalities. Many affected children are born with clubfeet, and they tend to have rather characteristic facial features that include prominent eyes and sunken cheeks (due to decreased subcutaneous facial fat), a thin nose, small chin, and lobeless external ears. Scalp hair is sparse in some.


The skin is thin and appears translucent, giving prominence to the underlying venous pattern, especially over the chest and abdomen. Easy bruisability and skin fragility are significant features, and postoperative wound dehiscence is not unusual. Premature aging of the skin over the distal extremities and early development of varicose veins are also seen. Joint hypermobility is present but is limited to the small joints of the fingers and toes.


As noted earlier, the feature that makes this type of EDS so serious clinically is the fragility of the walls of medium-size arteries, the intestines, and the uterus. This predisposes to wall rupture with potentially catastrophic results. Arterial and intestinal ruptures are heralded by sudden onset of severe abdominal and/or flank pain, which is promptly followed by signs of shock. Risk of uterine rupture is greatest intrapartum and is associated with significant hemorrhage. Other reported problems include pneumothoraces and development of arteriovenous fistulas.


Because the major complications of this form of EDS tend to occur in the third or fourth decade, exact diagnosis in early childhood can be difficult in patients without a positive family history or in those whose other clinical findings are subtle.









Ehlers-Danlos Syndrome: Kyphoscoliosis Type


Newborns with the kyphoscoliosis form of EDS tend to have severe hypotonia with delayed gross motor development and congenital scoliosis, which is progressive. Some patients develop a marfanoid body habitus with growth. Generalized ligamentous laxity and joint hypermobility may be so severe that the ability to ambulate is lost in the teens or twenties. Osteopenia is seen radiographically, perhaps partly from disuse.


Other features include easy bruisability, skin fragility, and formation of atrophic scars. In contrast to other forms of EDS, children with this type have scleral fragility, which places them at risk for globe rupture following even minor trauma. High myopia and microcornea are seen in some.









Diagnosis


The diagnosis of EDS should be suspected in children who present with unusually distensible skin, especially when atrophic scars are seen, and in those with unusual degrees of joint hypermobility who suffer recurrent joint dislocations. The presence of skin hyperextensibility is best tested over the volar forearm by grasping the skin and pulling until resistance is felt. Evidence of significant joint hypermobility includes the following:




• Ability to touch palms to the floor on forward bending


• Hyperextensibility of knees and elbows greater than 10 degrees


• Ability to appose thumb to the volar forearm


• Passive dorsiflexion of the fifth fingers past 90 degrees





Finding these and other clinical features described earlier in a child with a positive family history is especially helpful. With the exception of the kyphoscoliotic type, for which a urine test is available, confirmatory diagnostic tests usually require skin biopsy.


Depending on type, differential diagnostic considerations may include Marfan syndrome and cutis laxa. Easy bruisability can be mistaken for child abuse.












Osteogenesis Imperfecta


Osteogenesis imperfecta (OI) is a family of genetic connective tissue disorders characterized predominantly by brittle bones. The vast majority of patients have OI type I, II, III, or IV, all of which involve mutations in the COL1A1 gene and/or COL1A2 gene that either reduce the amount or alter the structure of type I collagen. A description of some of the many causative mutations and their structural consequences is presented in an earlier section (The Nature of Genes and Single-gene Disorders). Clinical features are presented in Chapter 21. Other, rarer forms of OI include types V through VIII. Of these, OI type V is an autosomal dominant disorder, and OI type VII is autosomal recessive; the mode of inheritance of OI type VI is unclear, but patients with OI type VI have rhizomelic shortening of the limbs.


Figures 1-42 through 1-44 show examples of defects in collagen synthesis.
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Figure 1-42 Clinical features suggestive of type III osteogenesis imperfecta (OI); collagen screen results on skin fibroblasts are consistent with type III or type IV OI. The patient would not consider DNA diagnosis. He is wheelchair bound but lives independently.
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Figure 1-43 Stickler syndrome: short stature, early-onset myopia, midface hypoplasia, submucous cleft palate, sensorineural hearing loss, mild skeletal dysplasia, and joint pain. A missense mutation in the COL2A1 gene confirmed the clinical diagnosis and is consistent with type I Stickler syndrome.
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Figure 1-44 A grandfather and granddaughter with Stickler syndrome type II. Grandfather has high myopia and status post–unilateral retinal detachment. Grandfather was confirmed to have a frameshift mutation in the collagen II gene, confirming Stickler syndrome type II. The mutation was confirmed in his 5-year-old granddaughter; note the early-onset high myopia and midface hypoplasia. She also had generalized joint laxity. She had surgery for cleft palate and is under surveillance by audiology for conductive hearing loss.

















Associations


As noted earlier, an association is a pattern of malformations that occurs together too often to be the result of chance alone, but for which no specific cause has yet been identified. This results in a spectrum of anomalies with a wide and variable clinical spectrum.






FAVA (Facio-Auriculo-Vertebral-Anomalies) Spectra


FAVA encompasses a spectrum of hemifacial microsomia and Goldenhar syndromes resulting from developmental defects of the first and second branchial arches. Varied facial defects observed include hypoplasia of the maxilla and/or mandible, a lateral cleft at the angle of the mouth resulting in macrostomia, microtia and preauricular tags and/or pits, deafness, and tongue and palatal involvement with abnormal functioning of the palate.


Vertebral defects are predominantly in the cervical region, observed as a short neck and/or torticollis. Radiologic imaging is able to decipher underlying hemivertebrae and hypoplasia of the vertebrae in the cervical region but may involve the thoracic and lumbar regions. Microphthalmia and/or epibulbar, eyelid coloboma are observed as infrequent features. Congenital heart defects include ventricular septal defect, tetralogy of Fallot, and coarctation of the aorta. Renal defects are occasional features and may present as ectopic, fused kidney or renal agenesis as well as multicystic dysplastic kidney. Ureteral aberrations may be associated as well. CNS involvement is an occasional feature. Intelligence is usually preserved but may be compromised in association with microphthalmia and CNS anomalies. Genetic delineation of etiology is at a research level and clinical cases are not confirmed by mutation analyses. FAVA may overlap with clinical findings of VATER association (see later) and branchio-oto-renal syndrome, also known as Melnick-Fraser syndrome.









CHARGE Association


CHARGE is an acronym for a nonrandom association of features including coloboma of the retina, less commonly the iris; heart abnormalities; atresia of the choanae; retarded growth and mental development; genital hypoplasia in males; and ear anomalies that can include deafness. The minimal diagnostic criteria should include abnormalities in four of the six categories, at least one of which must be coloboma or choanal atresia. Cleft lip and/or palate and renal abnormalities are sometimes found. The association includes congenital heart disease, particularly abnormalities of the aortic arch, right subclavian artery, or ventricular septal defect; agenesis or hypoplasia of the thymus with decreased T-cell production and impaired cell-mediated immunity; partial or less often complete absence of the parathyroid glands, manifest by hypocalcemia and neonatal tetany; and often a facies characterized by wide-spaced, slightly down-slanting palpebral fissures, anteverted nares, a short philtrum, and small, dysmorphic ears (Fig. 1-45). Infants with CHARGE association often die early as a result of their congenital anomalies, but many survive to adulthood. Although developmental delay exists, the IQ range is broad (<30 to 80).
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Figure 1-45 CHARGE association. A, Note the short palpebral fissures and ptosis; low-set, dysplastic ears; and small chin. Choanal atresia necessitated tracheotomy. B, Another example of an infant with CHARGE association has clinical features that include a prominent forehead, hypertelorism, narrow palpebral fissures, hypoplasia of the right naris, low-set ears, and a cupid’s-bow mouth.


(A, Courtesy W. Tunnessen, MD. B, Courtesy Timothy McBride, MD, Fairfax, Va.)





CHARGE has been found to be related to mutations in the CHD7 gene located on chromosome 8q12. In the neonate, CHARGE association must be differentiated from other chromosomal disorders, such as deletion 22q11.2 or trisomy 13 or 18, and from the more benign nonchromosomal VATER association. When the DiGeorge sequence is present in patients with CHARGE association, a small interstitial deletion of chromosome 22 at q11 is occasionally found with high-resolution cytogenetic techniques and FISH DNA probe.


The etiology of CHARGE association is most likely heterogeneous. Although most cases are sporadic, instances of affected siblings and an affected parent and offspring have been reported. The risk of recurrence must be determined after genetic evaluation and ranges from 4% to 6% to as high as 50%.









VATER Association


VATER is another acronym for a nonrandom association of vertebral and anal anomalies, tracheoesophageal fistula with esophageal atresia, and radial and/or renal abnormalities. Most affected newborns have anomalies in all five categories. The acronym can be expanded to VACTERL to include congenital heart disease (particularly ventricular septal defect) and, less often, other limb defects. Vertebral anomalies include hemivertebrae and sacral abnormalities. Limb deformities consist of ray abnormalities such as radial aplasia or hypoplasia, abnormal thumbs, preaxial polydactyly, and syndactyly (Fig. 1-46). Renal abnormalities include unilateral agenesis and less commonly ectopic or horseshoe kidney. The etiology of VATER association is unknown. Virtually all cases are sporadic. Detection of an abnormal karyotype rules out this disorder. The prognosis for growth and development in newborns who survive infancy is good. Most have normal intelligence and eventually achieve normal stature. Consequently, to make optimal management decisions, it is important to distinguish VATER syndrome from more dire chromosomal abnormalities (such as trisomy 18) or nonchromosomal disorders (such as CHARGE association).
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Figure 1-46 This child with VATER association (A) has facial features that are not dysmorphic, but he has preaxial polydactyly of the thumb (B), which was associated with radial dysplasia.




For the purpose of genetic counseling, VATER association must also be differentiated from Townes-Brocks syndrome, an autosomal dominant, simple mendelian genetic disorder with features representing a combination of the findings observed for FAVA and VATER associations. However, in Townes-Brocks syndrome there is often a positive family history of autosomal dominant inheritance of ear, thumb, and anal abnormalities, whereas vertebral anomalies and tracheoesophageal fistula are unusual. The prognosis for growth and development in patients with Townes-Brocks syndrome is good. However, the risk for recurrence of Townes-Brocks syndrome with a positive family history may be up to 50%, whereas for VATER association the risk may be less than 2%. Antenatal diagnosis for both conditions depends on detecting structural anomalies in the fetus by high-resolution ultrasound.


Other disorders in the list of differential diagnostic possibilities include Fanconi anemia and Holt-Oram syndrome (see Chapter 5, Fig. 5-7). Once chromosome studies are completed and found to be normal, when other disorders are deemed less likely, and a child has the pattern of malformation characteristic of the VATER association, the diagnosis (which remains one of exclusion) can be made.












Recognizable Multiple Malformation Syndromes






De Lange, Cornelia de Lange, or Brachmann–de Lange Syndrome


De Lange syndrome is characterized by intrauterine growth retardation, persistent postnatal failure to thrive, moderate to severe cognitive impairment, and microcephaly with a flat occiput and low hairline. Facial features are quite distinctive and include long eyelashes; a fine, almost “brushed-on” appearance of the arch to the eyebrows; occasional synophrys due to hirsutism; small nose with anteverted nostrils; long philtrum; downturned upper lip with cupid’s-bow shape; and micrognathia (Fig. 1-47, A and B). Extremities are notable for small hands and feet, and varying abnormalities can include proximally placed thumbs (Fig. 1-47, C), flexion contractures of the elbows, hypoplastic limbs, and even overt phocomelia. Hirsutism is generalized and distinctive, and cutis marmorata is a frequent feature. In males, hypospadias with cryptorchidism is common, and females may have a bicornuate uterus. Most affected adults are quite short in stature.
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Figure 1-47 Cornelia de Lange syndrome. A and B, Facial features seen in an infant and an older child include finely arched heavy eyebrows, long eyelashes, small upturned nose, long smooth philtrum, and cupid’s-bow mouth. C, Small hands, hypoplastic proximally placed thumb, and short fifth finger with mild clinodactyly are examples of commonly associated extremity anomalies.


(A and C, Courtesy A. H. Urbach, MD, Children’s Hospital of Pittsburgh, Pittsburgh, Pa.)





In general, most cases are believed to be the result of new autosomal dominant mutations, and mutations in the NIPBL gene on chromosome 5p13 have been identified as responsible for approximately 50% of cases of classic De Lange syndrome. In evaluating cases, careful physical examination of family members must be performed to determine recurrence risks for individual families. Clearly, this disorder can be so mild in expression that many cases may go unrecognized. Families have been identified with severely affected children whose parents have been determined to be subtly affected. In those families autosomal dominant inheritance would apply, with a 50% recurrence risk for any affected individual to have a child with the same disorder. If parents are not thought to be affected, the recurrence risk has been shown to range from 1% to 5%. A few individuals have somewhat similar features, most notably synophrys, and have been found to have an abnormality of the short arm of chromosome 3; thus careful high-resolution chromosome studies are indicated, with particular attention to chromosome 3.









Noonan Syndrome


Noonan syndrome is an autosomal dominant, simple mendelian genetic disorder that shares a number of clinical features with 45,X (Turner syndrome). The disorder has been found to be associated with mutations in the PTPN11 gene on chromosome 12q24.1 (in 50% of classic cases) and in the KRAS gene on chromosome 12p12.1 in 5% to 10% of the cases that are negative for the PTPN11 mutation. Thus a chromosome study should be performed on any individual in whom this diagnosis is suspected. It is relatively common and thought to be present in 1 in 1000 to 1 in 2500 individuals. Like many other autosomal dominant disorders, it is seen in both males and females and there is significant variability in clinical expression. Hence careful examination of close relatives of an index case may identify other affected individuals within the extended family, which is helpful when attempting to determine recurrence risks, as that risk would be 50% for offspring of an affected individual. In cases in which the child is considered to be the first in the family with Noonan syndrome, the empiric recurrence risk to apparently unaffected parents is 5%.


The pattern of malformations in Noonan syndrome is characterized by webbing of the neck, sternal abnormalities, pulmonic stenosis, and cryptorchidism in males. Facial characteristics include widely spaced eyes with down-slanting palpebral fissures, ptosis, and retrognathia (see Chapter 5, Fig. 5-9). Ears are often low-set and can be posteriorly rotated. Hair can be coarse and curly, and the posterior hairline is often low. Sternal abnormalities include both pectus excavatum and carinatum, and often there are differences in the number of sternal ossification centers. Many have congenital heart disease with pulmonary valvular stenosis being the most common, followed by septal hypertrophy or defects. Hypertrophic cardiomyopathy is found in approximately 20% and can be sufficiently severe as to necessitate cardiac transplantation. Coagulation abnormalities are found in approximately one third of cases.


Puberty can be delayed in individuals with Noonan syndrome. Cryptorchidism, when present in males, can result in sterility. Females are fertile. Stature is often less than the third percentile, but head circumference and intelligence are usually normal.


Several recognizable patterns of malformation share features in common with Noonan syndrome. Cardio-facio-cutaneous syndrome has additional features suggesting abnormal development of tissues derived from ectoderm, and affected individuals usually have significant CNS abnormalities. The phenotypic features of Noonan syndrome and neurofibromatosis type I may overlap (Watson syndrome). In the Costello syndrome, macrocephaly; coarse facial features; papillomas in the oral, nasal, and anal areas; cutis laxa; and cognitive impairments are seen in addition to findings shared with Noonan syndrome. Genetic heterogeneity is encountered; at least 10 gene loci are involved for the Noonan syndrome and allied disorders, that is, Noonan, cardio-facio-cutaneous, and Costello syndromes. Molecular testing at the clinical level is currently available for PTPN11 at 12q24.1, RAF1 at 3p25, SOS1 at 2p22-p21, KRAS at 12p12.1, HRAS at 11p15.5, BRAF at 7q34, MEK1 at 15q21, MEK2 at 7q32, NRAS at 1p13.2, and SHOC2 at 10q25 (Fig. 1-48). Refinement of molecular techniques has enabled the simultaneous analyses of all the genes in a single diagnostic test known as the “Noonan Chip,” currently offered by some laboratories. Watson syndrome is characterized by mutation of the neurofibromatosis gene but also shows phenotypic overlap with Noonan syndrome. In addition to short stature, pulmonic stenosis, café au lait spots, and cognitive disabilities, freckling and neurofibromas are also observed.
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Figure 1-48 The mitogen-activated protein kinase (MAPK) signaling cascade, also known as the RAF/MEK/ERK signaling cascade. Germline mutations that affect components of the RAS-MAPK pathway are involved in the pathogenesis of Noonan syndrome and allied disorders (Noonan phenotype with overlapping features: CFC, LEOPARD, Costello and neurofibromatosis-1). CFC, cardio-facio-cutaneous syndrome; ERK, extracellular signal–regulated kinase; GRB2, growth factor receptor-bound protein 2; MEK, MAPK/ERK kinase; p-ERK, phosphorylated ERK; PTPN11, protein tyrosine phosphate, non-receptor type 11; RAF, murine sarcoma viral oncogene; RAS, rat sarcoma viral oncogene; RTK, receptor tyrosine kinase; SHC, signaling and transforming protein containing src homology 2 and 3, SH2 and SH3 domains; SHP2, src homology region 2-domain phosphatase 2; SOS1, son of sevenless 1.


(Courtesy of Partners Health Care, Laboratory for Molecular Medicine, Harvard Medical School.)





Kabuki syndrome, characterized by physical growth and psychomotor delays in association with skeletal, cardiac, and craniofacial features, may have an overlapping phenotype with Noonan spectrum disorders. Exome sequencing has identified mutation(s) in the MLL2 gene at 12q12-14 among patients with Kabuki syndrome (Ng et al, 2010).


The differential diagnosis also includes several well-known teratogenic exposures including fetal hydantoin syndrome and fetal alcohol syndrome (see Fig. 1-53). Hence careful dysmorphologic assessment of all individuals suspected of having Noonan syndrome is indicated before making a final diagnosis.
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Figure 1-53 Fetal alcohol syndrome. Note the short palpebral fissure length, mild ptosis, and long simple philtrum.




Patients with Noonan, LEOPARD, cardio-facio-cutaneous, or Costello syndrome (Figs. 1-49 through 1-52, respectively) are demonstrated by pathogenetic pathways. Interaction of the many respective gene(s) at the genetic level results in clinical overlap among these entities of “Noonan syndrome and allied disorders.” These are therefore an excellent example of locus or genetic heterogeneity. Allelic heterogeneity is observed among classic Noonan phenotype and LEOPARD syndrome clinical picture (see Fig. 1-49).
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Figure 1-49 Noonan syndrome. Note the down-slanting palpebral fissures, ptosis, and low-set posteriorly rotated ears. Patient has bilateral simian creases and underwent cardiac surgeries for severe pulmonic stenosis and atrial septal defect. She has short stature, developmental delays, alternating esotropia, optic nerve cupping, and unilateral pelvicaliectasis. A missense mutation in exon 3 of the PTPN11 gene resulted in the classic features of Noonan syndrome.
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Figure 1-50 A 10-year-old girl with LEOPARD syndrome. LEOPARD is an acronym for the cardinal features: lentigines, ECG conduction abnormalities, ocular hypertelorism, pulmonic stenosis, abnormal genitalia, retardation of growth, sensorineural deafness. Not all features need to be present to be diagnosed with LEOPARD syndrome.
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Figure 1-51 Cardio-facio-cutaneous syndrome. The patient underwent surgical repair of ventricular septal defect and pulmonic stenosis during infancy. Presented at 8 years of age with short stature while receiving growth hormone injections, seizures, and intellectual disabilities. Patient has optic nerve hypoplasia, relative macrocephaly, curly hair, deep palmar creases, and prominent finger pads. Note the prominent forehead, hypertelorism, ptosis, and low-set posterior rotation of ears. The patient carried a clinical diagnosis of Noonan syndrome and tested negative for PTPN11, SOS1, RAF1, and KRAS genes. Noonan Chip analysis confirmed the missense pathogenic mutation in the BRAF gene, consistent with cardio-facio-cutaneous syndrome.
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Figure 1-52 Costello syndrome. Note the macrocephaly, curly sparse hair, short neck, and hypotonia. The patient had a tracheostomy and is gastrostomy tube dependent, and has had global delays with some communication by sign language at 4 years of age. Skin was very lax and soft and a somewhat darker color for the family. A mutation in exon 2 of the HRAS gene was classic for Costello syndrome.














Patterns of Malformation Associated With In Utero Teratogen Exposure






Fetal Alcohol Syndrome


The effect of exposure to significant levels of serum alcohol during gestation results in a pattern of microcephaly, prenatal and postnatal growth deficiency, short palpebral fissures, long smooth philtrum, and a thin upper lip (Fig. 1-53). Other features include a short nose and hypoplasia of the nails and distal phalanges (particularly the fifth toes). On occasion, affected infants have eyelid ptosis, epicanthal folds, strabismus, small raised hemangiomas, cervical vertebral abnormalities, and congenital heart disease.


Newborns with fetal alcohol syndrome are small for gestational age and have poor catch-up growth postnatally. They may have increased or decreased muscle tone and can be irritable and tremulous. Most older children tend to be thin and hyperactive, and more than 80% have some delay in development, especially fine motor function.


The diagnosis of fetal alcohol syndrome should be reserved for those infants who have a history of in utero exposure to large amounts of alcohol and who have the characteristic physical features of the disorder. The past practice of labeling children with developmental disorders who do not have the clinical stigmata as having fetal alcohol effects should be abandoned.


Although there may be no absolutely safe level of maternal alcohol consumption throughout pregnancy (particularly in the first trimester), the risk of teratogenesis increases dramatically with increasing degrees of maternal ethanol consumption. Major evidence of fetal alcohol syndrome is observed in 30% to 50% of offspring of mothers who are chronic severe alcoholics, whereas more subtle effects result from ingestion of lesser quantities of alcohol. The risk to the fetus of occasional maternal alcoholic binges is not clear, but such drinking is best avoided. Why some babies are affected and others are not, despite equivalent degrees of maternal alcoholism, is also unclear.


Other examples of teratogen-induced disorders include fetal hydantoin syndrome and fetal retinoic acid (Accutane) embryopathy.












Genetic Disorders of Metabolism


Inborn errors of metabolism encompass a wide range of inherited disorders. These include disorders of intermediary metabolism, disorders of organelle function (lysosomal, peroxisomal, or mitochondrial), disorders of cholesterol biosynthesis, disorders of protein glycosylation, disorders of metals, disorders of transport, and others. Although most are enzyme deficiencies that are inherited in an autosomal recessive pattern, various forms in inheritance (dominant, recessive, X-linked, and maternal) are found with metabolic disorders. This brief review is limited to some of the more common metabolic disorders and should be supplemented with a more detailed text on metabolic disorders as needed.






Disorders of Intermediary Metabolism


Intermediary metabolism involves conversion of the nutrients protein, carbohydrate, and fat into energy (Fig. 1-54). The common endpoint in the metabolism of all three nutrients passes through the Krebs cycle, and then through the electron transport chain where oxidative phosphorylation occurs, consuming oxygen and yielding ATP. A substantial number of errors of intermediary metabolism are detected by expanded newborn screening, but some are not detectable or can be missed in some cases.
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Figure 1-54 The conversion of protein, carbohydrate, and fat into energy. PDH, pyruvate dehydrogenase; PC, pyruvate carboxylase; R-2 and R-4, fatty acids shortened by successive two-carbon units, the result of β-oxidation.




The feed–fast cycle refers to changing patterns of metabolism depending on available energy sources. After eating, the body uses circulating fuels, which are fairly quickly depleted postprandially. The body then largely relies on stored glycogen until these stores are exhausted (approximately 4 to 8 hours, depending on age and clinical circumstances). After glycogen stores are exhausted protein catabolism and fatty acid oxidation become the most important energy sources, and gluconeogenesis is required to support glucose stores. Thus, disorders of glycogen metabolism tend to present after a short fasting interval. However, most disorders of protein or fatty acid oxidation metabolism tend to present after a longer fasting period, after normal glycogen stores are depleted.






Disorders of Protein Metabolism


Proteins are broken down into their basic components, amino acids. Essential amino acids cannot be synthesized by the body and must be consumed in the diet. Amino acids can be used to support tissue growth or maintenance, can be converted into other amino acids (transamination), can be excreted in the urine, or can be catabolized for energy (see Fig. 1-54). Some characteristic physical findings of protein metabolism disorders are noted in Table 1-9.


Table 1-9 Common Findings in Disorders of Protein Metabolism






	Disorder

	Common Findings






	Phenylketonuria

	Untreated: MR, eczema, mousy odor, fair coloring






	Treated: Minimal to mild tremor, executive function deficits






	Homocystinuria

	Untreated: Variable MR, ectopia lentis, marfanoid habitus, vascular thromboses






	Treated: Variable persistent vascular issues






	MSUD

	Untreated: Ketosis, acidosis, coma, death, MR, maple syrup odor, some late onset with intermittent symptoms






	Treated: Intermittent ketosis/acidosis during intercurrent illnesses, variable developmental delay to normal cognition






	Organic acidemia (MMA, PA, IVA)

	Untreated: Ketosis, acidosis, death, neutropenia, hyperammonemia, hypotonia, some late onset with failure to thrive, hypotonia






	Treated: Intermittent ketoacidosis during intercurrent illnesses, metabolic strokes, low to normal tone, delay to normal cognition






	Urea cycle defect

	Untreated: Hyperammonemia, coma, death, hyperreflexia, MR, variable acidosis, some late onset with intermittent symptoms






	Treated: Intermittent hyperammonemia with intercurrent illnesses, variable developmental delay to normal cognition







IVA, isovaleric acidemia; MMA, methylmalonic acidemia; MR, mental retardation; MSUD, maple syrup urine disease; PA, propionic acidemia.






Protein Metabolism: Transamination Disorders






Phenylketonuria


A common disorder of transamination is phenylketonuria (PKU), in which the transamination of phenylalanine to tyrosine is impaired. PKU is a relatively common autosomal recessive disorder of protein metabolism (affecting 1 in 10,000 to 1 in 15,000), and is most commonly diagnosed by newborn screening. Affected patients follow a diet restricted in phenylalanine (containing just enough natural protein from fruits, vegetables, and limited starches to meet essential phenylalanine needs for growth and maintenance), supplemented with a medical food “formula” containing tyrosine and other essential amino acids and nutrients, and specially formulated low-phenylalanine foods. If untreated, the disorder results in mental retardation, eczematous skin changes, a “mousy” odor, and other changes. Well-treated patients may have mild tremor, but physical examination is otherwise normal. Although cognitive outcomes are normal in most diet-adherent patients, some patients experience mild to moderate difficulties with executive functioning (attention, organization, and working memory). When a woman with PKU is pregnant, she must follow her diet especially carefully to prevent mental retardation and birth defects (particularly defects of the heart and esophagus) in her fetus.


Most PKU is due to a defect in the enzyme phenylalanine hydroxylase. A small proportion of patients with PKU have normal phenylalanine hydroxylase enzyme but have a defect in synthesis or recycling of the enzyme’s biopterin cofactor. Because this biopterin cofactor is shared with two other enzymes (tyrosine hydroxylase [a precursor of dopamine, epinephrine, and norepinephrine] and tryptophan hydroxylase [a precursor of serotonin]), patients with biopterin defects have neurotransmitter deficits in addition to PKU. These patients require supplementation with biopterin and/or neurotransmitter replacements in addition to a phenylalanine-restricted diet, and the neurologic outcome is not always normal.









Homocystinuria


Homocysteine is an intermediate in the multistep metabolism of methionine to cysteine. In homocystinuria, the metabolism of homocysteine is blocked at the level of the enzyme cystathionine β-synthase. When untreated, in addition to developmental delays, physical findings include various degrees of ectopia lentis; a marfanoid habitus; and, by young adulthood, vascular thromboses (see Table 1-9). Homocystinuria is most commonly diagnosed by newborn screening (by detection of elevated methionine), but the sensitivity of the screen is not complete. Homocystinuria may be present in older children and adults who were born before this disorder was added to the current newborn screening panel. Rarer forms of homocystinuria exist caused by failure to return homocysteine back into methionine, typically due to defects in vitamin B12 metabolism.









Maple Syrup Urine Disease


The branched-chain amino acids (valine, leucine, and isoleucine) share a common initial step in catabolism, catalyzed by branched-chain keto acid decarboxylase. A genetic defect in this enzyme leads to maple syrup urine disease (MSUD), named because of the characteristic odor of the urine. Affected individuals develop elevations of these three branched-chain amino acids resulting in ketosis and, if untreated, acidosis, coma, and death. Physical examination may identify the odor of maple syrup in cerumen and concentrated urine. The patient may exhibit varying degrees of spasticity or developmental delay, especially if late or poorly treated (see Table 1-9). Elevated leucine levels are intoxicating, and can chronically impair learning and social interactions when poorly controlled. Patients must follow a diet restricted in these three essential amino acids, supplemented with other essential amino acids and nutrients. The most important component of dietary treatment is the prevention of stressful fasting, as this would lead to the increased catabolism of amino acids for energy and thus increased formation of toxic metabolites. Milder variants are known to exist with symptoms including altered mental status or ketosis during intercurrent illnesses. MSUD is most commonly diagnosed by newborn screening, but the sensitivity of screening for milder or intermittent variants is not known, and an infant may already be symptomatic before the screening results are available.












Protein Metabolism: Urea Cycle Disorders


Amino acids are further catabolized by deamination. The amino group is removed and forms ammonia, and the residual carbon skeleton is an organic acid, typically metabolized in the Krebs cycle (see Fig. 1-54). Ammonia is toxic when accumulated, and is normally detoxified in the urea cycle. Metabolic errors are well described in each enzymatic step of the urea cycle. Affected infants classically present with hyperammonemic coma in the neonatal period, typically progressing through poor feeding, respiratory alkalosis, decreasing mental status, vomiting, and neurologic irritability to coma (see Table 1-9). The presence of unexplained respiratory alkalosis or neurologic irritability including hyperreflexia, increased startle, or clonus in an infant with depressed mental status should always prompt a search for an inborn error of metabolism (although these findings will eventually be blunted as coma deepens). Acidosis (rarely even ketoacidosis) may develop as the infant’s clinical status deteriorates. Any patient of any age undergoing a lumbar puncture for otherwise unexplained mental status changes should have their plasma ammonia level checked. Analysis of plasma amino acids and orotic acid is key in helping to define the specific urea cycle defect, and additional information on this is available in textbooks dedicated to metabolic disorders.


A significant percentage of patients with urea cycle defects can present later in life with failure to thrive, developmental delays, friable hair (trichorrhexis nodosa, in argininosuccinate lyase deficiency), or in some cases acutely with hyperammonemia during intercurrent illnesses or weaning from breast milk to formula (which is higher in protein). Some patients have presented in adulthood during profound metabolic stress (such as after bariatric surgery or childbirth); thus age is no barrier to diagnosis. Treatment involves careful titration of protein intake to meet requirements for growth and maintenance without providing excess, with supplementation of essential urea cycle intermediates (citrulline or arginine, as determined by the position of the enzymatic block), and with drugs that complex with glutamine or glycine to form urine-soluble nitrogen complexes and provide an alternative excretion pathway for nitrogen. It is particularly important to provide alternative energy intake during fasting to prevent the catabolism of amino acids for energy and the release of ammonia.









Protein Metabolism: Organic Acidemias


Once the ammonia is removed from an amino acid, the remaining carbon skeleton is an organic acid. Most organic acids are catabolized to specific Krebs cycle intermediates (see Fig. 1-54). Various errors in catabolism lead to specific organic acid disorders.






Propionic Acidemia and Methylmalonic Acidemia


The most common series of errors is in the catabolism of the carbon skeletons of valine, odd-chain fatty acids, methionine, isoleucine, and threonine (VOMIT), which pass through propionyl-CoA, methylmalonyl-CoA, and then succinyl-CoA (a Krebs cycle intermediate). Inborn errors of propionyl-CoA carboxylase lead to propionic acidemia, and errors of methylmalonyl-CoA mutase lead to methylmalonic acidemia. These can present in the neonatal period with acute ketoacidosis, hyperammonemia, and bone marrow suppression (from secondary inhibition of the urea cycle and bone marrow) or at a later age with acute symptoms during an intercurrent illness, or at any time with chronic failure to thrive, hypotonia, or developmental delay. Physical examination is most remarkable for central hypotonia, often with hyperreflexia (see Table 1-9). Patient management includes careful titration of dietary protein to meet the needs for the essential amino acids valine, methionine, isoleucine, and threonine, supplemented with other essential amino acids and nutrients. Alternative forms of calorie supplementation are important during fasting/intercurrent illnesses to prevent protein catabolism.









Disorders of Leucine Catabolism


A number of other organic acidemias are relatively common, including isovaleric acidemia, an inborn error in the catabolism of leucine (a complete review of which is beyond the scope of this chapter). The incidence of this disorder on newborn screening is somewhat higher than expected. Expanded newborn screening also has identified an unexpectedly high incidence of 3-methylcrotonyl-CoA carboxylase deficiency, another inborn error of leucine catabolism. Previously believed to be associated with developmental delays, failure to thrive, and other problems, the clinical significance of this disorder is now unclear. Most organic acidemias are detectable by newborn screening, although the sensitivity for late-onset or milder forms is not yet known.















Disorders of Carbohydrate Metabolism


The basic unit of carbohydrate metabolism is glucose. Glucose is metabolized for energy through glycolysis. Complex carbohydrates and alternative carbohydrates (such as galactose or fructose) are converted to glucose or glycolytic intermediates for catabolism. Some of the common disorders of carbohydrate metabolism are listed in Table 1-10.


Table 1-10 Common Findings in Disorders of Carbohydrate Metabolism






	Disorder

	Findings






	GSD 0

	Postprandial hyperglycemia, interprandial hypoglycemia






	GSD I

	Interprandial hypoglycemia, hepatomegaly, “cherub” cheeks, neutropenia (type 1b), elevated uric acid, lactate






	GSD II

	Pompe’s disease, cardiomyopathy (infantile form), progressive skeletal and respiratory weakness, elevated CK






	GSD III

	Hypoglycemia, hepatomegaly, variable myopathy, disorder of glycogen debranching






	GSD IV

	Hepatomegaly, cirrhosis, disorder of glycogen branching






	GSD VI and IX

	Hepatomegaly with variable mild hypoglycemia, variable myopathy






	Fructose-1,6-bisphosphatase deficiency

	Hypoglycemia with prolonged fast/intercurrent illness, may be fructose sensitive, urine organic acids may reveal keto-lactic acidosis with elevated glycerol






	Galactosemia

	Untreated: Hepatomegaly, cataracts, failure to thrive, liver dysfunction, MR






	Treated: Variable cognitive deficits






	Hereditary fructose intolerance

	With fructose ingestion: Hypoglycemia, hypophosphatemia, shock






	Untreated: Chronic liver disease and failure to thrive







CK, creatine kinase; GSD, glycogen storage disease; MR, mental retardation.






Carbohydrate Metabolism: Glycogen Metabolism


When carbohydrate intake exceeds immediate need, glucose is stored as glycogen, predominantly in the liver. During the interprandial fast, glycogen is used preferentially to meet energy needs by converting it back to glucose. After glycogen stores are exhausted, protein and fat catabolism are enhanced.






Glycogen Storage Disease Type 0


In the case of glycogen storage disease (GSD) type 0, glycogen cannot be made. Patients typically have postprandial hyperglycemia and interprandial hypoglycemia, but no other specific physical findings. The liver is not enlarged because glycogen is not stored. In some cases the interprandial hyperglycemia can be mild or overlooked, and the disorder manifests as hypoglycemia during fasting or intercurrent illness.









Other Forms of Glycogen Storage Disease


Other forms of glycogen storage disease affect glycogen metabolism in the liver or muscle. The most common forms of liver glycogen storage disease are types I, III, VI, and IX, in which glycogen can be stored in the liver but not efficiently returned to glucose. The patient most commonly develops hepatomegaly (from stored glycogen), and interprandial hypoglycemia begins within a few hours of eating, when circulating fuels are exhausted. The patient may also manifest “cherubic” cheeks from glycogen storage. Other findings can include elevations in triglycerides, uric acid, and lactate. There are a number of enzymes involved in the formation, branching, debranching, and catabolism of glycogen, and various subtypes of glycogen storage disease are associated with defects in the various enzymatic steps. Some glycogen disorders present predominantly in muscle with weakness, rhabdomyolysis, and other predominantly muscle findings but not significant hypoglycemia. Infantile-onset Pompe’s disease (glycogen storage disease type II) presents with progressive weakness in the skeletal and respiratory muscles as well as cardiomyopathy. The electrocardiogram demonstrates a characteristic high-voltage pattern. Some patients with residual enzyme protein respond to enzyme replacement therapy.












Carbohydrate Metabolism: Defects in Glycolysis, Gluconeogenesis, and Metabolism of Other Carbohydrates


Glycolysis, the process of metabolizing glucose to pyruvate, does not have commonly associated inborn errors of metabolism. However, in some cases alternative carbohydrates (such as galactose or fructose) have impaired conversion into a glycolytic substrate.






Galactosemia


Patients who are unable to metabolize galactose have galactosemia. After ingestion of galactose (one of the sugars in lactose), patients can present in infancy with hepatomegaly, liver disease, gram-negative sepsis, cataracts, or later with failure to thrive and excretion of galactose (a reducing substance) in the urine. Treatment includes exclusion of galactose from the diet.









Hereditary Fructose Intolerance


Patients with hereditary fructose intolerance are unable to metabolize fructose (a common fruit sugar and one of the components of sucrose). They can present with acute decompensation with hypoglycemia and hypophosphatemia from fructose ingestion, but can also present chronically with failure to thrive and liver disease.









Gluconeogenesis


The reverse of glycolysis (gluconeogenesis, the production of glucose from distal metabolic substrates) can be impaired by metabolic errors. Fructose-1,6-bisphosphatase deficiency is a gluconeogenic enzyme deficiency that results in fasting hypoglycemia. Patients typically tolerate an interprandial fast because glycogen metabolism is intact, but are at risk for hypoglycemia after glycogen stores are exhausted. Most patients present in infancy during an intercurrent illness with hypoglycemia and varying degrees of elevated ketones, lactate, and glycerol.


Other defects in gluconeogenesis as well as ketone synthesis and use disorders are described in more detailed texts.















Defects of Fatty Acid Oxidation


Fatty acid oxidation is a significant source of energy after liver glycogen stores are exhausted. Fatty acids are essentially chains of carbon atoms. β-Oxidation of fatty acids up to 18 carbons in length takes place in the mitochondria. One cycle of β-oxidation removes two carbons from the fat, releasing the two-carbon piece as acetyl-CoA (a primary substrate for the Krebs cycle), which also can be converted to a ketone body that can be exported to more distal tissues for energy (see Fig. 1-54). The shortened fatty acid undergoes successive cycles of oxidation removing two-carbon units at a time until it is fully metabolized. The enzymes used in fatty acid oxidation change as the fatty acid becomes successively shorter. Absence of ketosis in a patient older than 3 months of age who has hypoglycemia or is undergoing a stressful fast should raise concern for a possible fatty acid oxidation defect. Some of the most common defects of fatty acid oxidation are listed in Table 1-11.


Table 1-11 Common Findings in Fatty Acid Oxidation Disorders






	Disorder

	Findings






	Carnitine uptake disorder

	Cardiomyopathy, variable weakness, sudden death






	CPT I

	Infantile onset: Hypoglycemia, acidosis






	Later onset: Fasting intolerance, exercise intolerance






	CPT II

	Infantile onset: Hypoglycemia, acidosis






	Later onset: Fasting or exercise intolerance, rhabdomyolysis






	SCAD deficiency

	Possible hypotonia, developmental delay, neurologic abnormalities. Phenotype now in question






	MCAD deficiency

	Potentially fatal hypoglycemia with prolonged fasting






	VLCAD deficiency

	Infantile onset: Cardiomyopathy, juvenile onset: fasting intolerance






	Later onset: Exercise intolerance






	LCHAD deficiency

	Hypoglycemia, rhabdomyolysis, pigmentary retinopathy, fasting intolerance







CPT I and CPT II, carnitine palmitoyltransferase I and II; LCHAD, long-chain 3-hydroxyacyl-CoA dehydrogenase; MCAD, medium-chain acyl-CoA dehydrogenase; SCAD, short-chain acyl-CoA dehydrogenase; VLCAD, very long–chain acyl-CoA dehydrogenase.






Defects of Fatty Acid Oxidation: Carnitine Disorders






Defects of Fatty Acid Transport: Carnitine Uptake Disorder and CPT I, CACT, and CPT II Deficiency


Long-chain fatty acids (that is, those having approximately 12 to 18 carbons) must first esterify carnitine in order to pass through the mitochondrial membrane for oxidation. Patients with carnitine uptake disorder have impaired transport of carnitine and develop profound carnitine deficiency. Symptoms can include cardiomyopathy, weakness, or simply sudden death. Plasma carnitine levels are very low while urine carnitine is generally elevated. Patients with a deficiency of carnitine palmitoyltransferase I (CPT I) are unable to esterify fatty acids to carnitine. The fatty acids are thus unable to penetrate the mitochondria for oxidation. The disorder has variable presentation, including life-threatening neonatal hypoglycemia and acidosis, or later onset fasting or exercise intolerance/rhabdomyolysis. Biochemically, the patient has low levels of acylcarnitines in the plasma. Defects in the carnitine-acylcarnitine translocase (CACT) enzyme (which carries fatty acylcarnitines across the mitochondrial membrane) are rare but reported and can be life-threatening; they often resemble CPT II deficiency. Patients with defects in carnitine palmitoyltransferase II (CPT II) are unable to release the carnitine from the fatty acid after it has passed inside the mitochondria. Like CPT I deficiency, it has variable severity and can present at any age. Biochemically, patients have elevated acylcarnitines in the plasma. Most carnitine disorders are now diagnosed by newborn screening (by measurement of acylcarnitines), and more mildly affected patients often do not appear ill in the newborn period but still require follow-up and treatment. Carnitine is not required for medium- and short-chain fatty acids to penetrate the mitochondria, and thus patients with severe carnitine disorders may benefit from dietary restriction of long-chain fat and supplementation with medium-chain fat.












Defects of Fatty Acid Oxidation: Acyl-CoA Dehydrogenase Deficiencies






VLCAD, MCAD, SCAD, and LCHAD Deficiency


Inside the mitochondria, the β-oxidation process progressively removes two carbon atoms, forming ketones or acetyl-CoA (see Fig. 1-54). Many of the enzymes in this process have chain length specificity, preferring fats that are long chain (12 to 18 carbons), medium chain (6 to 10 carbons), or short chain. The first step of β-oxidation is performed by an acyl-CoA dehydrogenase with chain length specificity. Deficits in the long-chain enzyme (very long–chain acyl-CoA dehydrogenase deficiency, also known as VLCAD or ACADVL deficiency) present with variable severity, from neonatal cardiomyopathy, to later onset fasting or exercise intolerance. Genotype–phenotype correlations between residual enzyme activity and severity are emerging. Treatment includes supplementation with medium-chain fat and prevention of fasting. Defects in the medium-chain enzyme (medium-chain acyl-CoA dehydrogenase deficiency, also known as MCAD or ACADM deficiency) are among the most common metabolic disorders (approximately 1 in 15,000 births). Affected patients most commonly present in the toddler period with potentially fatal hypoketotic hypoglycemia or Reye’s syndrome–like symptoms during fasting associated with an intercurrent illness. Treatment is primarily by prevention of fasting, although some patients require carnitine supplementation. Defects in the short-chain enzyme (short-chain acyl-CoA dehydrogenase deficiency, also known as SCAD or ACADS deficiency) were originally believed to cause hypotonia, hypoglycemia, and developmental abnormalities. However, the clinical significance of this disorder is now in question. Defects are also described in the third step of β-oxidation, another acyl-CoA dehydrogenase enzyme with chain length specificity. The most common enzyme deficiency at this step is long-chain 3-hydroxyacyl-CoA dehydrogenase (LCHAD) deficiency. This disorder can also have variable presentation from early hypoketotic hypoglycemia to later fasting or exercise intolerance. More severely affected patients demonstrate a pigmentary retinopathy and episodes of rhabdomyolysis. An increased incidence of HELLP syndrome is reported in pregnant mothers carrying an affected fetus. Some patients have a deficiency of a trifunctional protein that results in defects in multiple steps of the long-chain fatty acid oxidation pathway.


Most disorders of fatty acid oxidation are now detected on newborn screening. However, some infants experience significant morbidity or mortality quickly (early presentation), before the newborn screening results are available. Thus, this group of disorders should always be considered in ill neonates.


















Organelle Dysfunction


Important metabolic processes take place in various organelles. These include the peroxisomes, the lysosomes, and the mitochondria (Tables 1-12 through 1-14). Defects in each of these organelles are considered.


Table 1-12 Common Findings in Peroxisomal Diseases






	Disorder

	Findings






	Zellweger syndrome

	Hepatomegaly, profound hypotonia, Down syndrome–like facies, liver dysfunction






	Neonatal adrenoleukodystrophy; infantile Refsum disease

	Developmental delay, hearing loss, vision impairment, liver dysfunction, coagulopathy, hypotonia of decreasing severity; often slowly progressive






	RCDP

	Rhizomelia, chondrodysplasia punctata, profound growth failure, and MR






	Adrenoleukodystrophy

	Developmental regression, progressive leukodystrophy; later onset with demyelination or Addison disease






	Adult Refsum disease

	Retinitis pigmentosa, ataxia, ichthyosis, and anosmia







MR, mental retardation; RCDP, rhizomelic chondrodysplasia punctata.


Table 1-13 Classification of Lysosomal Storage Disorders






	Disorder Class

	Underlying Defect






	Mucopolysaccharidoses

	Defective metabolism of glycosaminoglycans






	Sphingolipidoses and sulfatidoses

	Defective degradation of sphingolipids and their components






	Glycogen storage diseases

	Defective degradation of glycogen






	Oligosaccharidoses

	Defective degradation of the glycan portion of glycoproteins






	Mucolipidoses

	Defective degradation of acid mucopolysaccharides, sphingolipids, and/or glycolipids






	Defects in degradation or transport of cholesterol, cholesterol esters and other complex lipids

	 






	Lysosomal transport and trafficking defects

	 







Table 1-14 Common Mitochondrial Syndromes






	Symptom Complex

	Findings

	Pathology






	MERRF

	Mitochondrial encephalopathy, ragged red fibers

	tRNALys







	MELAS

	Myoclonic epilepsy, lactic acidosis, stroke-like episodes

	>15 mutations described; the most common involves tRNALeu







	NARP

	Neuropathy, ataxia, retinitis pigmentosa, ± Leigh disease

	Point mutations in mitochondrial component of complex V






	MNGIE

	Myo-neuro-gastrointestinal disorder and encephalopathy

	Nuclear mutation in thymidine phosphorylase; impairs mitochondrial DNA repair mechanisms






	LHON

	Leber hereditary optic neuropathy

	Mutations in mitochondrial component of complex I






	Pearson syndrome

	Bone marrow–pancreas dysfunction, infantile onset; survivors may develop Kearns-Sayre syndrome

	Multiple mitochondrial DNA deletions






	Kearns-Sayre syndrome

	Ptosis, pigmentary retinopathy, cardiac conduction defects, ataxia, diabetes, CPEO

	Multiple mitochondrial DNA deletions






	Diabetes-deafness

	Type 2 diabetes, hearing loss

	Mitochondrial tRNALeu







	Aminoglycoside toxicity

	Ototoxicity from aminoglycoside antibiotics

	Mitochondrial ribosomal DNA mutations






	Leigh disease

	Necrotizing changes in basal ganglia and midbrain, hypotonia, failure to thrive, loss of respiratory centers; phenotype caused by numerous underlying energy disorders

	Defects in nuclear or mitochondrial genes in complexes I, II, and IV; PDH; PC; NARP; and others







CPEO, chronic progressive external ophthalmoplegia; NARP, neuropathy, ataxia, and retinitis pigmentosa; PC, pyruvate carboxylase; PDH, pyruvate dehydrogenase.






Peroxisomal Disorders


A number of metabolic processes take place in the peroxisome, including the oxidation of very long–chain fats (greater than 20 carbons), metabolism of phytanic acid (present in food), initiation of plasmalogen formation (the most abundant phospholipid in myelin), peroxidation/detoxification, and other processes. Peroxisomal diseases fall into two major categories: those that interfere with assembly of the peroxisome itself (thus affecting all enzyme functions), and those that affect a single enzyme.






Disorders of Peroxisome Biogenesis


A number of mutations in 12 different peroxisome assembly (PEX) genes have been identified, leading to a continuum of phenotypes. The most severe of these disorders is Zellweger syndrome (Fig. 1-55). Infants with Zellweger syndrome (cerebrohepatorenal syndrome) typically have dysmorphic features often suggestive of Down syndrome, hepatomegaly with liver dysfunction, and profound hypotonia (see Table 1-12). The disorder is typically fatal in infancy or early childhood. Neonatal adrenal leukodystrophy and infantile Refsum disease are less severe phenotypes. They present with variable severity of developmental delay, hearing loss, vision impairment, liver dysfunction, coagulopathy, and hypotonia and may be slowly progressive (see Table 1-12). Mutations in PEX7 can lead to a unique phenotype of proximal limb shortening (rhizomelia), chondrodysplasia punctata, and profound growth failure and mental retardation, known as rhizomelic chondrodysplasia punctata (RCDP).
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Figure 1-55 Infant with Zellweger syndrome. Note the hypotonia, failure to thrive, and large forehead.











Single-Gene Disorders


Numerous disorders of single genes that act in the peroxisome have been described. One of the most common is X-linked adrenoleukodystrophy. This disorder predominantly affects males and presents in the first decade of life as a progressive leukodystrophy, or in adulthood as a demyelinating disorder (adrenomyeloneuropathy) or Addison’s disease. The movie “Lorenzo’s Oil” increased public recognition of this disorder and the quest for a treatment. Treatment with dietary very long–chain fatty acid restriction and supplementation with erucic acid and oleic acid (“Lorenzo’s oil”) may be of some benefit in limiting progression if given presymptomatically. Another single-gene disorder, adult Refsum disease (ARD), presents with retinitis pigmentosa, ataxia, ichthyosis, and anosmia, and is caused by a defect in the metabolism of phytanic acid.









Diagnosis


Most peroxisomal assembly or single-gene disorders can be diagnosed by evaluating plasma very long–chain fatty acids, preferably supplementing testing with red cell plasmalogens, phytanic acid, pipecolic acid, or pristanic acid. (Note: Phytanic acid is derived from the diet, and thus young infants or those on elemental diets may have falsely normal levels). It is important to note that in some single-gene disorders, including RCDP and ARD, very long–chain fatty acid levels may be normal. However, plasmalogens are abnormal in RCDP, and phytanic acid is elevated in ARD. Thus, it is reasonable to test for at least two peroxisomal metabolites when searching for these disorders. DNA analysis is available for a number of peroxisome biogenesis or single-gene disorders.


















Lysosomal Disorders


Lysosomes are membrane-bound cytoplasmic organelles that serve as the digestive or recycling plants of cells, their major purposes being to break down cellular waste products and debris and to degrade macromolecules that are no longer needed into smaller components. They perform this function with an array of hydrolytic enzymes that degrade their target molecules in a stepwise fashion. Once the process of degradation is completed, the residual material is transported to the cytoplasm for recycling (as new molecular building blocks) or to the cell membrane for removal. A mutation that results in malfunction of a lysosomal enzyme leads to accumulation of substrate, resulting in the term storage disorder. Over time the volume of the stored undegraded substrate increases, progressively distending the lysosome, and ultimately this impairs cell function.






Disorders of Trafficking or Single Lysosomal Enzymes


After translocation and posttranslational modifications, lysosomal enzymes are targeted to the lysosome by specific target sequences. Defects in enzyme trafficking to the lysosome, or in single lysosomal enzymes, result in lysosomal storage disorders. Disorders are classified according to the nature of the accumulated material. More than 40 lysosomal disorders have been described, their unifying characteristic being a failure to degrade a specific component of cellular waste. Defects are classified as defects of degradation of mucopolysaccharides, oligosaccharides, sphingolipidoses, mucolipidoses, and others (see Table 1-13). Stored lysosomal material in tissues can result in coarsening of facial features, hepatomegaly, splenomegaly, bone deformities (dysostosis multiplex), leukodystrophy, and other features. Among the most severe lysosomal disorders is I-cell disease, in which many lysosomal enzymes lack the proper sequence for targeting to the lysosome, such that certain lysosomal enzymes are elevated in plasma but are not present within the lysosome. This disorder has a very early prenatal or early infantile onset and is associated with early mortality.









Mucopolysaccharidoses


The mucopolysaccharidoses are among the best known lysosomal storage disorders. They are a group of disorders of degradation of glycosaminoglycans, long chains of repeating disaccharide units that are synthesized by connective tissue cells as structural components of connective tissue, bone, cartilage, synovial fluid, skin, cornea, and the reticuloendothelial system. Seven major types have been identified, some with multiple subtypes. Hurler syndrome (type IH) is the prototypical disorders (Fig. 1-56). In the most severe form, onset is between 6 and 24 months with growth retardation, coarse facial features, hepatosplenomegaly, dysostosis multiplex, cardiac valve disease, and other findings. Enzyme replacement therapy can help temporize treatment, but the only significant treatment for infantile onset disease is by bone marrow transplantation, which stabilizes the disorder but does not improve bony abnormalities. Progressively less severe forms include Hurler-Scheie and Scheie syndromes, with increasing residual enzyme activity and decreasing CNS and systemic involvement. Enzyme replacement therapy provides long-term benefits, although bone and joint disease remain prominent and heart valve damage can continue to progress. Morquio syndrome is associated with sparing of cognition, but presents with typical bony dysplasia (Fig. 1-57).
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Figure 1-56 Hurler syndrome. A, The coarsening of facial features characteristic of this disorder includes prominence of the forehead, a flattened nasal bridge, a short broad nose, and widening of the lips. Features appear puffy due to thickening of the skin. B, Progressive joint stiffness and contractures lead to clawing of the hand.
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Figure 1-57 A 5-year-old boy with Morquio syndrome. Urine testing for mucopolysaccharidosis (MPS) showed elevated keratan sulfate.











Diagnosis


Diagnosis of lysosomal disorders typically begins with clinical suspicion, often with assay of urinary mucopolysaccharides or oligosaccharides, specific plasma or fibroblast enzyme assays, or DNA studies depending on the suspected disorder. A complete discussion of all of the mucopolysaccharidoses, oligosaccharidoses, sphingolipidoses, and mucolipidoses is beyond the scope of this chapter but is available in texts dedicated to metabolic disorders.















Disorders of Energy Metabolism: Mitochondrial Disorders


The mitochondria are the sites of energy metabolism. Numerous disorders of energy metabolism are described, with their underlying pathology as insufficient availability of energy to tissues. Thus, the tissues and organs most affected by mitochondrial dysfunction are those with high energy demands, particularly neural, muscular, and ocular.


Mitochondria are membrane-bound cytoplasmic organelles that, in essence, serve as the power plants of cells. Because all of one’s mitochondria are derived from those present in the oocyte (those of the sperm having been destroyed on fertilization), all mitochondrial DNA (mtDNA) is inherited from one’s mother. However, most proteins that act in the mitochondria are nuclear in origin; they are transported into the mitochondria, where they carry out their intended function. Thus most “mitochondrial” disorders actually follow a mendelian pattern of inheritance. However, as each mitochondrion also contains its own separate genome with a maternally inherited, unique DNA code (including 13 genes that function in oxidative phosphorylation as well as its own transfer RNA and replication mechanism), a few mitochondrial disorders have maternal, not nuclear, inheritance.






Lactic Acidosis


Under ordinary circumstances, pyruvate enters the Krebs cycle either through conversion to acetyl-CoA by pyruvate dehydrogenase (PDH), or through conversion to oxaloacetate by pyruvate carboxylase (PC) (see Fig. 1-54). The NADH created in the Krebs cycle is then passed to the electron transport chain for oxidative phosphorylation and the production of ATP. The metabolism of 1 molecule of glucose creates a net of 36 ATP molecules. When oxidative phosphorylation is insufficient to meet the body’s energy needs, pyruvate is diverted to lactate, a conversion that results in a net of only two ATP. Lactic acidosis occurs when lactate builds up, and is most commonly secondary to shock, hypoxia, or exercise beyond the body’s aerobic capacity. Secondary lactic acidosis can also be caused by tissue hypoxia secondary to use of a tourniquet or excessive crying, or from prolonged storage of room temperature blood samples in a Vacutainer. Secondary elevation of lactate from poor conditions of specimen drawing or handling can lead to invasive and unnecessary testing and procedures, and can be avoided by use of free-flowing or arterial specimens, avoiding multiple draw attempts, and rapid transport of the immediately iced specimen to the laboratory. Pyruvate can also be converted into the amino acid alanine. The presence of elevated alanine indicated by plasma or serum amino acid analysis, and/or the presence of elevated lactate or pyruvate on urine organic acid analysis, is suggestive of chronic lactic acidosis even if a plasma lactate measurement is within normal limits.


In some cases, lactic acidosis is not secondary to external factors, but is caused by a primary disorder of energy production. Disorders of primary lactic acidosis usually occur in the metabolism of pyruvate, the Krebs cycle, or during oxidative phosphorylation, and are often referred to broadly as mitochondrial disorders.









Disorders of Pyruvate Metabolism






Pyruvate Dehydrogenase Deficiency


Pyruvate is converted to acetyl-CoA by the enzyme pyruvate dehydrogenase complex (PDH or PDC) (see Fig. 1-54). PDH is composed of at least four proteins: E1α, E1β, E2, and E3. Defects are most common in the E1α component. The gene encoding this enzyme component is X-linked, but defects in the enzyme are commonly inherited in an autosomal dominant pattern, and thus the number of affected girls with de novo mutations is nearly equal to the number of affected boys; female gender should therefore not rule out this diagnosis. PDH deficiency results in a wide range of effects of varying severity, in some cases manifesting as ataxia and seizures or mild to moderate developmental delay. However, more severe forms can present with lactic acidosis and structural abnormalities of the CNS attributable to prenatal cellular death from energy deficiency, ranging from agenesis of the corpus callosum to profound hydrocephalus.









Pyruvate Carboxylase Deficiency


Pyruvate carboxylase (PC) deficiency can present with mild to severe keto-lactic acidosis, hyperammonemia, and other problems, and can be fatal in early life, or can present more chronically with intermittent keto-lactic acidosis during fasting. Either PDH or PC deficiency (as well as other oxidative phosphorylation disorders) can present as Leigh’s disease, a phenotype of progressive cystic degeneration of the basal ganglia and the respiratory centers that reflects profound impairment of energy production in the brain. Infants with profound disorders of pyruvate metabolism sometimes have nonspecific dysmorphic features such as a long philtrum and tented upper lip, probably due to facial hypotonia.












Disorders of the Krebs Cycle


Primary disorders of the Krebs cycle are rare, but are typically associated with specific findings on urine organic acid analysis. The presence of small to modest amounts of Krebs cycle intermediates on urine organic acid analysis can be normal in the first year of life. The presence of large elevations or persistent excretion of Krebs cycle intermediates in the urine can signal a disorder of oxidative phosphorylation.









Disorders of Oxidative Phosphorylation


Oxidative phosphorylation (also known as the electron transport chain) refers to the process of production of energy (ATP). It takes place in the mitochondria using both nuclearly and mitochondrially encoded enzymes. The enzymatic functions are grouped into complexes. Complex I is composed of more than 40 different enzymes, of which 7 are mitochondrially encoded. Although the vast majority of proteins in other complexes are also nuclearly encoded, mitochondrially encoded proteins are also present in complex III (one), complex IV (three), and complex V (two). A number of defects in the various complexes, both nuclear or mitochondrially encoded, present with a variety of symptoms including developmental delay, failure to thrive, myopathy, hypotonia, ptosis, ophthalmoplegia, hepatopathy, encephalopathy, nephropathy, pigmentary retinopathy, and/or Leigh’s disease.









Nuclear Mutations


Most mitochondrial disorders are due to mutations in nuclearly encoded proteins, and are inherited in a mendelian pattern. DNA testing is available for many of these disorders, particularly for complex I and IV deficiency and for various gene mutations responsible for Leigh’s disease.


There are also some nuclear genes involved in mitochondrial replication that lead to aberrant mitochondrial replication and/or mitochondrial depletion (e.g., Alpers’ syndrome, caused by defects in the gene encoding DNA polymerase subunit γ [PolG1], which results in mitochondrial depletion and is associated with liver disease and cerebral degeneration).


The TAZ gene is an X-linked gene encoding cardiolipin, a component of the inner mitochondrial membrane. Mutations in TAZ cause Barth syndrome, an X-linked disorder causing infantile cardioskeletal myopathy (commonly non-compaction) and neutropenia.









Mitochondrial Point Mutations


Mutations in the mitochondrial genome are also a cause of mitochondrial dysfunction and are maternally inherited. These mutations can occur in any of the 13 mitochondrial genes involved in oxidative phosphorylation, or can also occur in the transfer RNA, ribosomal RNA, or replicative machinery. Note that whereas each cell contains only one nucleus housing two copies of the genome, each cell also contains multiple mitochondria, and each mitochondrion contains multiple copies of the mitochondrial genome; because of this, nuclear and mitochondrial inheritance patterns are different. Thus individuals can have multiple copies of both wild-type and mutated mitochondrial genomes coexisting in a single mitochondrion or in a single cell; this is known as heteroplasmy. There is a threshold effect at which point the number of mutated mitochondria becomes sufficient to affect the function of the cell, tissue, or organ. It is therefore possible for syndromic mitochondrial mutations to be maternally inherited in multiple family members, but symptomatic only in those in whom the threshold is reached.


Mitochondrial point mutations can present with variable severity. In adults they often appear in recognizable syndrome patterns. In children they may follow a specific phenotype, but can also be multisystemic and less predictable. One example of a recognizable phenotype is MELAS syndrome (mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes), most commonly due to a specific point mutation in the mitochondrial transfer RNA for leucine (tRNALeu; see Table 1-14). Other common mitochondrial syndromes associated with point mutations are listed in Table 1-14 as well. In contrast to vascular strokes, strokes due to mitochondrial disease do not typically follow a watershed pattern. Instead, they represent cell death from energy failure rather than blood flow abnormalities. Metabolic strokes can occur anywhere in the brain, although the highest energy-requiring parts of the brain (such as the basal ganglia) are common locations.









Evaluation of a Patient with Suspected Mitochondrial Disease


Traditionally, a patient suspected of having a mitochondrial disease undergoes biopsy of an apparently affected organ (typically muscle) for analysis of the oxidative phosphorylation complexes. However, the expanding availability of testing for mutations in nuclear and mitochondrial genes has created an evolving testing strategy. A testing algorithm can be linked from the Mitochondrial Medicine Society website (http://www.mitosoc.org/blogs/diagnosis), with the full algorithm currently available at the Baylor College of Medicine Medical Genetics Laboratories website (http://www.bcm.edu/geneticlabs/; under “Resources” tab). In some cases, diagnosis can be reached on the basis of guided testing of blood samples, sparing patients an invasive biopsy.












Other Inborn Errors of Metabolism


A number of other inborn errors of metabolism have been identified. These include disorders of metal metabolism (e.g., Menkes disease, Wilson’s disease, and others), transport defects (e.g., cystinuria, Hartnup disease), disorders of protein glycosylation (CDG; see below), disorders of cholesterol biosynthesis/sterol metabolism (e.g., Smith-Lemli-Opitz syndrome and others), disorders of biotin and other vitamins, disorders of purines and pyrimidines (e.g., Lesch-Nyhan syndrome), and others.






Menkes Disease


Menkes disease is one disorder of metal metabolism. Failure to absorb copper in the intestine leads to systemic copper deficiency and impairment of copper-dependent mitochondrial enzymes. The disorder is X-linked (the ATP7A gene on the long arm of the X chromosome), and thus most affected patients are male. The disorder most commonly presents in infancy with loss of milestones, seizures, mental retardation, tortuous cerebral arteries, sagging facial skin, and weakened bones with fractures that may raise concern for child abuse until the proper diagnosis is made. Hair is coarse and sparse, classically referred to as “kinky.” The life span is greatly shortened, to only a few years. Parenteral copper administered to presymptomatic boys may improve outcome, but seems of minimal to no benefit once symptoms have developed (Fig. 1-58).
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Figure 1-58 A and B, Menkes syndrome associated with seizures, hypotonia, hypopigmentation, global delays, and low serum copper and ceruloplasmin levels. DNA testing showed a splicing defect in the ATP7A gene at Xq13.3 region, confirming the clinical finding.











Congenital Disorders of Glycosylation


Congenital disorders of glycosylation (CDG) are a group of disorders resulting in abnormal posttranslational glycosylation of proteins. To date more than 15 subtypes have been described, each corresponding to an enzymatic step in the protein glycosylation pathway. The most common is CDG type Ia. Typical features include abnormal fat pads on the pubis and over the buttocks, inverted nipples, strabismus, cerebellar atrophy, and failure to thrive. Fatal systemic disease including liver disease can be seen in some cases; others tend to develop ataxia and stroke-like episodes with age. Other subtypes can present with varying features including protein-losing enteropathy, dysmorphic features, and various multisystem presentations. Diagnosis is achieved by noting an abnormal ferritin isoelectric focusing pattern (caused by abnormalities in posttranslational sialic acid residues). This disorder is likely underappreciated and should be considered in any case of multisystem genetic symptoms (Fig. 1-59).
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Figure 1-59 A, Inverted nipples and B, unusual fat distribution on the buttocks seen in some patients with congenital disorders of glycosylation.











Disorders of Sterol Metabolism


A number of disorders are now associated with various defects in the biosynthesis of cholesterol. Many of these were first described as dysmorphic syndromes before the underlying biochemical abnormality was identified. The prototype disorder is Smith-Lemli-Opitz syndrome.


Infants with Smith-Lemli-Optiz syndrome have a defect in the sonic hedgehog gene (Fig. 1-60). This gene is involved in limb formation and cholesterol biosynthesis. The biochemical error is a block in the final step of cholesterol formation, with deficiency of cholesterol and accumulation of the precursor 7-dehydrocholesterol. Typical dysmorphic features include upturned nose, low-set ears, and characteristic clenched hands. Affected patients typically have syndactyly of the second and third toes, and can have polydactyly, presumably a direct effect of the gene defect. Some phenotypic findings, such as undervirilization of males, are attributable to cholesterol deficiency causing deficiency of cholesterol-based steroid hormones. In some cases CNS findings improve with cholesterol supplementation.
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Figure 1-60 Smith-Lemli-Opitz syndrome. A, Note the anteverted nostrils, low-set ears, small chin, and clenched hand. B, Hypospadias, cryptorchidism, or ambiguous genitalia as shown here may also be seen.


(Courtesy W. Tunnessen, MD.)





There are a number of other disorders in other steps in cholesterol biosynthesis that have various physical and developmental findings. X-linked dominant chondrodysplasia punctata (Conradi-Hünermann-Happle syndrome) is believed lethal in males and is associated with mutations in sterol isomerase (emopamil-binding protein; EBP) in females. This results in elevated levels of 8-dehydrocholesterol and 8(9)-cholesterol. Findings include chondrodysplasia punctata, asymmetric limb shortening, scoliosis, and scaly erythematous rash along the lines of Blaschko in infancy that can change into ichthyosis, scarring alopecia, and pigmentary abnormalities.









Inborn Errors of Metabolism and Dysmorphic Features


Some metabolic disorders, particularly CDG and sterol biosynthesis disorders, were originally described as dysmorphic syndromes before the biochemical defect underlying the disorder was understood. The presence of dysmorphic features does not necessarily rule out an underlying metabolic error. As previously noted, infants with Zellweger syndrome often have facial and tone characteristics suggestive of Down syndrome (although the hepatomegaly and other features are distinguishing). Chondrodysplasia punctata can have various metabolic causes, including peroxisomal (severe rhizomelic form with failure to thrive and systemic disease) or sterol (X-linked dominant chondrodysplasia punctata). Children with organic acidemias and children with disorders of energy metabolism are often reported to have “mitochondrial facies” including nonspecific features possibly caused by poor muscle tone such as midfacial hypotonia and prominent ears (Fig. 1-61). Patients with a variety of lysosomal storage diseases often are described as having “coarse” facial features, likely attributable to cellular accumulation of lysosomal material. New research is adding to the list of dysmorphic syndromes having an underlying metabolic etiology, and clearly the presence of dysmorphic features should not necessarily rule out a metabolic disorder.
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Figure 1-61 Patient with methylmalonic acidemia; note the prominent, simple ears; hypotonia; and midfacial hypoplasia.

















Newborn Screening For Genetic Disorders


Newborn screening began in the mid-1960s for phenylketonuria when an inexpensive test became available (Robert Guthrie’s bacterial inhibition assay, performed with a few drops of blood on filter paper), and it was demonstrated that early detection and treatment were a cost-effective way to prevent mental retardation. Thyroid testing and other disorders were added over the years. Newborn screening for common genetic and metabolic diseases has been revolutionized by the development of tandem mass spectrometry. This technique, requiring only a dried blood spot from the newborn, provides an inexpensive mechanism by which to test for a much larger range of inherited metabolic disorders. In the United States, newborn screening is conducted and regulated by the individual states, and some states now screen for more than 50 disorders.


Disorders detectable by newborn screening include inborn errors of metabolism, hemoglobinopathies, cystic fibrosis, acquired immune deficiency, severe combined immunodeficiency, hearing loss, hypothyroidism, and congenital adrenal hyperplasia. The American College of Medical Genetics has published information sheets for physicians on these disorders (available at the website http://www.acmg.net/AM/Template.cfm?Section=NBS_ACT_Sheets_and_Algorithms_Table&Template=/CM/HTMLDisplay.cfm&ContentID=5072). This site provides information about the disorders and recommended diagnostic testing.


The technical ability to diagnose genetic and metabolic disorders by newborn screening has outpaced our understanding of the natural history and optimal treatment of some of these disorders. In 2003 the Secretary of Health convened the Secretary’s Advisory Committee on Heritable Disorders in Newborns and Children to develop advisory guidelines for newborn screening. The committee developed a list of primary target disorders based on evidence-based guidelines, as well as a list of secondary disorders, which are routinely detectable as part of the testing process for primary target diseases (Table 1-15). New disorders are added to the primary target list after an evidence-based review process. At present, states are not obligated to follow the committee’s guidelines.


Table 1-15 Secretary’s Advisory Committee on Heritable Diseases of Newborns and Children Recommended Uniform Screening Panel: Primary and Secondary Target Disorders






	Core Conditions

	Secondary Conditions






	Propionic acidemia

	Methylmalonic acidemia with homocystinuria (Cbl C, D)
Malonic acidemia
Isobutyrylglycinuria
2-Methylbutyrylglycinuria
3-Methylglutaconic aciduria
2-Methyl-3-hydroxybutyric aciduria
Short-chain acyl-CoA dehydrogenase deficiency
Medium/short-chain L-3-hydroxyacyl-CoA dehydrogenase deficiency
Glutaric acidemia type II
Medium-chain ketoacyl-CoA thiolase deficiency
2,4-Dienoyl-CoA reductase deficiency
Carnitine palmitoyltransferase type I deficiency
Carnitine palmitoyltransferase type II deficiency
Carnitine acylcarnitine translocase deficiency
Argininemia
Citrullinemia type II
Hypermethioninemia
Benign hyperphenylalaninemia
Biopterin defect in cofactor synthesis
Biopterin defect in cofactor regeneration
Tyrosinemia type II
Tyrosinemia type III
Other hemoglobinopathies
Galactoepimerase deficiency
Galactokinase deficiency
T-cell–related lymphocyte deficiencies






	Methylmalonic acidemia and cobalamin A, B






	Isovaleric acidemia






	3-MCC deficiency






	3-Hydroxy-3-methylglutaric (HMG) aciduria






	β-Ketothiolase deficiency






	Glutaric acidemia type I






	Carnitic uptake/transporter defect






	Medium-chain acyl-CoA dehydrogenase deficiency






	Very long–chain acyl-CoA dehydrogenase deficiency






	Long-chain L-3 hydroxyacyl-CoA dehydrogenase deficiency






	Trifunctional protein deficiency






	Argininosuccinic aciduria






	Citrullinemia type I






	Maple syrup urine disease






	Homocystinuria






	Classic phenylketonuria






	Tyrosinemia type I






	Primary congenital hypothyroidism






	Congenital adrenal hyperplasia






	Sickle cell disease






	Sickle-beta thalassemia






	Sickle-C disease






	Biotinidase deficiency






	Critical cyanotic congenital heart disease






	Cystic fibrosis






	Classic galactosemia






	Hearing loss






	Severe combined immunodeficiencies







Note 1: For an updated list see http://www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/recommendedpanel/index.html.


Note 2: Primary care physicians, other pediatric subspecialties, and family practitioners can access the algorithms for the responsibilities as well as immediate management by following the AAP policy statement on newborn screening (2008). Newborn Screening Authoring Committee: Newborn screening expands: recommendations for pediatricians and medical homes—implications for the system. Pediatrics 121:192-217, 2008.


Note 3: A reference that the clinicians may find helpful for newborn screening is Contemporary Pediatrics, 28:38-47, 2011.


It is important to remember that newborn screening is a screening program, not a diagnostic program. Not all inborn errors of metabolism are detectable by newborn screening (e.g., some urea cycle defects), and as a screening program it does not have 100% sensitivity. Thus no disorder should be considered “ruled out” in a symptomatic child because of a normal newborn screen result. Screen-positive infants are referred for diagnostic testing. Some cases require a repeat screen, but in some cases results are sufficiently concerning as to prompt a call to the nearest expert referral center and/or the child’s primary care provider for emergency evaluation.
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General Techniques of Physical Examination






Assessment of the Newborn


The purposes of the routine newborn assessment are to determine the infant’s gestational age, document normal growth and development for a given gestational age, uncover signs of birth-related trauma or congenital anomalies, and evaluate the overall health and condition of the infant. The assessment begins with the establishment of a historical database. Information may be obtained from antenatal, labor, delivery, and postpartum records and a brief interview with the parents (Fig. 2-1). The aim of this data gathering is to assess the fetal and neonatal responses to pregnancy, labor, and delivery; to estimate the risk for hereditary or congenital diseases; and to identify the potential for future difficulties by reviewing the family’s social history and observing maternal–infant interactions. This background is recorded in the infant’s medical record and serves as a guide to the subsequent physical examination (Table 2-1).
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Figure 2-1 Antenatal assessments. This infant has a normal sonographic appearance at 12 weeks’ gestation. Knowledge of the results of in utero evaluations may assist in the provision of appropriate antenatal and postnatal care.


(Courtesy Lyndon Hill, MD, Pittsburgh.)





Table 2-1 Newborn Historical Database






	Antenatal Record






	



Maternal age


Maternal medical history


Obstetric history



Number of previous pregnancies



Number of term/preterm deliveries



Outcomes of previous pregnancies


Estimations of gestational age


Antenatal ultrasound or fetal surveillance results (if available)


Complications of pregnancy


Adequacy of antenatal care












	Labor and Delivery Record






	



Date and time of delivery


Duration of labor


Time of the rupture of membranes


Complications or abnormalities of labor


Method of delivery or type of anesthesia


Placental weight and morphologic condition


Birth weight


Need for resuscitation and Apgar scores


Maternal blood type












	Postpartum Record






	



Maternal postpartum complications


Newborn vital sign records


Nursing documentation of the activity and condition of the infant



On admission to the nursery



Since admission to the nursery


Abnormal physical findings noted by the nursing staff


Feeding, voiding, and stool history


Observations of maternal–infant interactions












	Parental Interview






	



Parental perceptions of



Pregnancy



Labor



Delivery


History of parental and family illnesses


Health status and growth and development of siblings and other family members


Degree of education, preparation, and planning for newborn care


Available social support systems


Medical follow-up plans













Whenever possible, it is preferable that the newborn be examined in the presence of one or both parents to reassure them regarding normal variations and to discuss any abnormal findings. The baby should remain at least partially clothed through as much of the examination as possible, although a complete and thorough examination is imperative. The examiner’s hands should be warm to minimize the chance that the infant will become uncomfortable because of heat loss.


Observation must be done before the quiet infant is disturbed by the examination. By visual inspection the clinician can assess skin and facies; general tonus and symmetry of movement; respiratory rate, retractions, and color; and abdominal contour. Auscultation of the heart and lungs should be done before more stressful portions of the examination, which are likely to make the infant fussy. Allowing the infant to suck on a gloved finger can help quiet the infant and permit assessment of sucking strength and palate integrity. Lifting the infant under the arms (Fig. 2-2) and gently rocking him or her (such that the head swings toward and away from the examiner) is usually calming. This maneuver also induces a reflexive opening of the eyes, which assists the ophthalmologic examination. Sucking also induces eye opening. Such maneuvers may be necessary to convince the examiner that the patient does not have a congenital cataract or an intraorbital mass (see Chapter 19) requiring prompt intervention.
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Figure 2-2 Examination techniques. Holding an infant under the arms and gently rocking calms the infant and reflexively induces eye opening.




When the abdomen is examined, it often helps to gently flex the hip on the side being examined because this relaxes the abdominal muscles. Most structures in the abdomen are smaller (pyloric olive), softer (liver), more superficial (spleen tip), or deeper (kidneys) than expected. The use of any part of the hand other than the fingertips should be discouraged because maximal sensitivity is essential.


Careful evaluation of the hip joints is a crucial part of each newborn examination because identification and early treatment of congenital dislocation can prevent later disability. Although asymmetry of the buttocks and skin creases or asymmetry of femoral length can be clues to dislocation, the performance of at least one of a number of active motion tests is essential. The Ortolani maneuver involves placing the third or fourth finger over the greater trochanter and the thumb on the medial aspect of the thighs (Fig. 2-3). The thighs are first adducted to try to dislocate a dislocatable hip and then abducted with the fingers pushing toward the midline and the thumbs away from midline to relocate a dislocated hip. A definite “clunk” can be felt and often heard if the femoral head has been dislocated and then moves back into the acetabulum. Often, higher-pitched clicks and snaps that represent nothing more than tendons passing over bone or cartilage can be heard and felt.
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Figure 2-3 Ortolani maneuver. The proper hand positioning for this maneuver is demonstrated. Abducting the femur produces a palpable “clunk” in the infant with congenital hip dislocation.











Assessment of Gestational Age


One of the unique considerations in the examination of the newborn is the assessment of gestational age. Accurate determination should be the first part of any newborn examination because this provides the context for the remainder of the evaluation. No differential diagnosis of newborn disease can be made without knowing whether the patient is premature or full term and whether he or she is small, large, or appropriate for gestational age. Although an accurate menstrual and pregnancy history usually provides firm evidence of gestational age, there are many cases in which data such as the date of the last menses and the date of the onset of fetal movement are unavailable or unreliable.


Many investigators have developed examination criteria, both morphologic and neurologic, for the assessment of gestational age. Although these criteria are generally useful because of the ordered patterns of fetal development, the clinician cannot rely on any single feature or even small group of features to develop at the same rate in all infants. In fact, assessment of paired structures, such as ears, may reveal slightly different degrees of maturation from one side to the other. Thus all of the available methods involve numerous physical and neurologic items and have, at best, a 2-week range of error.


Although morphologic criteria tend to be uninfluenced by events occurring around the time of delivery, neurologic findings may be unreliable in the presence of a number of conditions including depression secondary to medication, asphyxia, seizures, metabolic diseases, infections, and severe respiratory distress. Even morphologic criteria may be inaccurate if the infant is born with severe edema or growth retardation or side effects from maternal drug use. Such factors must be considered in estimating gestational age.


The Ballard assessment for gestational age determination of newborns uses six morphologic and six neurologic criteria to estimate gestational age on the basis of an examination performed at 12 to 24 hours of life (Fig. 2-4). Individual findings are scored on a scale of 0 to 5, and the total score is compared with the chart shown in Figure 2-4.
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Figure 2-4 Gestational age assessment. The six morphologic and six neurologic criteria, in aggregate, yield an estimation of gestational age.


(From Ballard J, Novak KK, Driver M: A simplified score of assessment of fetal maturation of newly born infants. J Pediatr 95:769-774, 1979.)









Physical Maturity


One of the most striking differences among newborns of various gestational ages is the quality of the skin. The chemical nature of skin changes during intrauterine development, with a gradual decrease in water content and a thickening of the keratin layer. Very premature infants (24 to 28 weeks) have nearly translucent, paper-thin skin (Fig. 2-5) that is easily abraded. A diffuse red hue and a prominent venous pattern are characteristic. At term, the skin no longer appears thin, and the general color is a pale pink. Some superficial peeling and cracking around the ankles and wrists may be visible. Postterm infants (42 to 44 weeks) often have more diffuse peeling and cracking of the skin because the outermost layers are sloughed (Fig. 2-6).
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Figure 2-5 Premature skin. This premature infant demonstrates translucent, paper-thin skin with a prominent venous pattern.
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Figure 2-6 Post-term skin. Peeling and cracking of the skin are characteristics of the infant delivered after 42 weeks’ gestation.




The general quality of scalp hair changes during development from rather fine, thin hair (24 to 28 weeks) to coarser, thicker hair (term). Racial differences in hair quality can make this change difficult to assess. A second type of hair, known as lanugo, appears and disappears during development. Lanugo is fine body hair that resembles peach fuzz. It is absent before weeks 20 to 22, becomes diffuse until weeks 30 to 32, and then begins to thin. Assessment of the presence and extent of lanugo is best accomplished by observing the back tangentially (Fig. 2-7).
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Figure 2-7 Lanugo. This fine body hair resembling peach fuzz is present on infants of 24 to 32 weeks’ gestation.




Transverse creases begin to appear on the anterior portion of the soles of the feet at approximately 32 weeks (Fig. 2-8). By 36 weeks the anterior two thirds of the sole is covered with creases. For adequate assessment of this feature, it is necessary to stretch the skin over the sole gently to distinguish wrinkling from true creases. Infants with congenital neurologic dysfunction involving the lower extremities and infants with pedal edema may lack normal creases.
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Figure 2-8 Sole creases. Transverse sole creases cover approximately half the sole in this infant, indicating a gestational age of approximately 34 weeks.




Breast tissue, which is responsive to maternal hormonal influences, shows progressive increase in size as gestational age advances. Infants born at younger than 28 weeks’ gestation have barely perceptible breast tissue (see Fig. 2-5). With advancing age, breast tissue increases in size (see Fig. 2-6) and, occasionally, a term infant has active glandular secretions, which resolve spontaneously. Breast tissue can remain palpable for 2 to 3 months.


Cartilaginous development proceeds in an orderly manner during gestation and can be assessed by examination of the external ear. Although the normal incurving of the upper pinnae begins at 33 to 34 weeks and is complete at term, it is more reliable to assess the extent of cartilage in the pinnae by feeling its edge and folding the ear (Fig. 2-9). Until approximately 32 weeks, there is only minimal recoil of a folded ear, but by term there is instant recoil.
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Figure 2-9 Ear cartilage. The lack of cartilage and the easy foldability (lack of recoil) are evident in the ear of this premature infant at 26 weeks.




The appearance of the genitalia can be used to assess gestational age. In a boy the testes descend into the scrotum during the last month of gestation, but they are often palpable in the inguinal canal by 28 to 30 weeks. The appearance of rugae on the scrotum parallels testicular migration, appearing first on the anterior scrotum at 36 weeks and covering the entire scrotal sac by 40 weeks. Absence of testicular descent alters the appearance of the scrotum at term. Clearly, congenital cryptorchidism complicates this evaluation. In a girl the labia majora tend to be overshadowed by the clitoris and labia minora until 34 to 36 weeks (Fig. 2-10). In cases of fetal malnutrition, lack of subcutaneous fat, which should normally be present in the latter part of gestation, can interfere with assessment of the female genitalia.
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Figure 2-10 Premature female genitalia. Prominence of the labia minora in a premature female infant at 28 weeks.











Neuromuscular Maturity


Numerous neurologic tests and observations can be used to assess gestational age. Most examiners use the tests that seem to best cover the various facets of neurologic function including range of motion, tone, reflexes, and posture. None is particularly reliable in the presence of illness, and the entire neurologic examination is best done between 12 and 24 hours after birth to allow recovery from the stress of delivery.


The resting supine posture of infants changes with advancing gestational age. The mature infant exhibits a marked flexor posture of the extremities compared with the extensor posture of the premature infant (Fig. 2-11).
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Figure 2-11 General posture. The typical, marked flexor posture of the term infant.




Tests for flexion angles assess a combination of muscle tone, ligament and tendon laxity, as well as flexion–extension development. The inexperienced examiner usually assumes that the very premature infant is the most flexible, but observation of flexion angles demonstrates that this is false. The square-window test of the wrist (Fig. 2-12) is performed by gently flexing the hand on the wrist and assessing the resultant angle. The wrists of babies younger than approximately 32 weeks can be flexed only to 45 to 90 degrees, whereas the wrists of term infants undergo full flexion. Sometime between birth and adulthood this flexion ability is lost. Examination of the flexion of the knees reveals a different pattern of development, with decreasing flexibility as gestational age increases. The knee is completely flexed (Fig. 2-13, A) and the thigh is stabilized against the stomach. The leg is extended by raising the foot (Fig. 2-13, B). Gentleness is essential in these evaluations because any result can be achieved if the examiner applies undue force.
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Figure 2-12 Square-window test. The position for assessing the square window is shown. The 45-degree angle seen between the palm and forearm is consistent with a gestational age of 30 to 32 weeks.
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Figure 2-13 Knee flexion. The position for assessing knee flexion is shown (A). The foot is elevated to assess the popliteal angle. Note the decreased knee flexibility of this term infant (B).




Examination of arm recoil can assess active tone and reflex responsiveness. In this maneuver the supine infant’s forearms are fully flexed for 5 seconds, extended by pulling on the hands, and then released. As gestational age increases, the flexion response is more pronounced.


The resting tone of the upper extremities can be assessed by eliciting the scarf sign. Gentle traction of the upper extremities across the chest in a rostral direction (“placing a scarf on the infant”) while examining the position of the elbow reveals a decreasing displacement of the elbow as gestational age increases (Fig. 2-14).
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Figure 2-14 Scarf sign. The elbow cannot be drawn, with gentle traction on the upper extremity, across this term infant’s chest (A). This is in contrast to the marked flexibility of a preterm infant of 29 weeks’ gestation (B).




In a similar manner the resting tone of the lower extremities can be assessed by the heel-to-ear maneuver. With the baby on its back and the pelvis flat, a foot is moved as near to the ipsilateral ear as possible without exerting undue force. Very premature infants can easily touch their heels to their ears (Fig. 2-15). This becomes somewhat more difficult after 30 weeks and impossible by week 34 of gestation.
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Figure 2-15 Heel-to-ear maneuver. The position for assessing the heel-to-ear maneuver is demonstrated. The degree of extension seen is consistent with a 28- to 30-week infant.











Primitive Reflexes


Normal newborns exhibit a large number of easily elicited primitive reflexes that are often altered or absent in the infant with neurologic impairment. These reflexes may be transiently depressed in the infant who has experienced difficulty in achieving the transition between intrauterine and extrauterine existence. The persistent absence or asymmetry of one or more of these reflexes may be a clue to the potential presence of neuromuscular abnormalities requiring further investigation (see Chapter 3).


The rooting reflex may be elicited by lightly stimulating the infant’s cheek and observing the reflexive attempts to bring the stimulating object to the mouth. The sucking reflex is activated by placing an object in the infant’s mouth and observing the sucking movements. In the grasp reflex (Figs. 2-16 and 2-17), transverse stimulation of the midpalm (without touching the back of the hand) or midsole leads to flexion of the digits or toes around the examiner’s fingers.





[image: image]

Figure 2-16 Grasp reflex (palm). Transverse stimulation of the midpalm leads to a grasp by the infant.
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Figure 2-17 Grasp reflex (sole). Transverse stimulation of the midsole triggers a grasp by the infant.




The Moro reflex (Fig. 2-18, A and B) evaluates vestibular maturation and the relationship between flexor and extensor tone. Elicitation of the reflex involves a short (10 cm), sudden drop of the head when the infant is supine. The full response involves extension of the arms, “fanning” of the fingers, and then upper extremity flexion followed by a cry. An incomplete but identifiable reflex becomes apparent at approximately 32 weeks’ gestation, and by 38 weeks it is essentially complete. Very immature infants demonstrate extension of the arms and fingers but do not show true flexion or make a sustained cry. Marked asymmetry of response may be associated with focal neurologic impairment.
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Figure 2-18 Moro reflex. A, To elicit the reflex, the head is supported and allowed to drop to the level of the bed. The initial extension response to vestibular stimulation is shown in (B). The complete response includes secondary flexion and cry.




Galant’s infantile reflex is a truncal incurvation reflex. It can be elicited by holding the infant in ventral suspension and stroking from shoulder to hip along one side of the spine. The infant will contract the abdominal musculature and laterally flex toward the stimulated side. Lack of the Galant reflex may indicate a spinal cord lesion.


These reflexes and a host of other less commonly used reflexes are termed primitive because they are present at or shortly after birth and normally disappear after the first few months of life. Just as their absence may indicate neurologic impairment at birth, their abnormal persistence may also be a cause for concern and further evaluation.












Abnormalities of Growth


Intrauterine growth restriction (IUGR), a deviation in the expected fetal growth pattern, complicates up to 8% of all pregnancies, and is associated with an increase in perinatal morbidity and mortality. Infants with IUGR may appear long and thin and often have an obvious loss of subcutaneous tissue, which is best seen as redundant skin folds over the buttocks, thighs, and knees. The etiology of IUGR is multifactorial and includes fetal, placental, or maternal factors that inhibit normal fetal growth. The conditions for IUGR and SGA (small for gestational age) are related but not synonymous. The diagnosis of SGA is based on population norms and includes infants who weigh less than a predetermined cutoff value (Fig. 2-19). There is no universal agreement on the definition of the SGA or LGA (large for gestational age) infant. Similarly, appropriate for gestational age (AGA) infants have growth parameters within 2 standard deviations of the mean, or between the 10th and 90th percentiles, or between the 3rd and 97th percentiles.
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Figure 2-19 The mean (±2 standard deviations) weight, length, and head circumference for infants born at various gestational ages. Infants above or below the curves are considered too large or too small for gestational age, respectively.


(From Usher R, McLean F: Intrauterine growth of live-born Caucasian infants at sea level: standards obtained from measurements in 7 dimensions of infants born between 25 and 44 weeks of gestation, J Pediatr 74:901-910, 1969.)





The relationship among weight, length, and head circumference can be useful in understanding the etiology of the small size (see Fig. 2-19). By comparing length or head circumference percentiles with the weight percentile at any given gestational age, the clinician can detect growth retardation even if the actual weight still falls within 2 standard deviations of normal. Conditions that affect growth during the third trimester of pregnancy, such as preeclampsia, tend to interfere with the normal acquisition of fatty tissue while sparing brain growth (and thus head circumference) and linear growth. These newborns have an asymmetrical form of growth retardation (Fig. 2-20). Often postmature infants (>42 weeks) have some decrease in weight compared with length or head circumference. Problems beginning earlier than the third trimester tend to produce generalized growth retardation because head circumference, weight, and length are affected to equivalent degrees. Historically, infants with symmetrical IUGR have higher rates of chromosomal disorders, dysmorphic syndromes, and congenital infection and are associated with higher rates of prematurity and neonatal mortality. In very premature infants, global decreases in growth often complicate assessment of gestational age because the tools are rather limited in babies born at 24 to 28 weeks’ gestation. A thorough investigation should be undertaken in any unexplained instance of growth retardation.
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Figure 2-20 Intrauterine growth retardation. This term baby weighed only 1.7 kg. The head appears disproportionately large for the thin, wasted body. This resulted from placental insufficiency late in pregnancy. Hypoglycemia may be a complication.


(Courtesy TALC, Institute of Child Health, Bethesda, Md.)





Multiple-gestation pregnancies often produce newborns that are premature and symmetrically small. Fetal growth decreases as the number of fetuses increases. Although multiple factors interfere with growth in these pregnancies, uterine constraint appears to occur when the combined fetal size approximates 3 kg. Size discordance (>10% difference in weight) between identical twins occurs because their placentas can share vascular connections, resulting in overperfusion of one twin and underperfusion with subsequent growth restriction of the other. Discordance may also occur in dizygotic twins (Fig. 2-21) if one has placental insufficiency. Rarely, only one twin will be afflicted with a chromosomal abnormality or congenital infection.
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Figure 2-21 Discordant twins. This is a pair of markedly discordant dizygotic twins. Disturbed placentation accounted for the marked reduction in size of the smaller twin.




Newborns that are large for gestational age (LGA) are often the products of pregnancies in diabetic or “prediabetic” mothers. The effect is usually noted during the third trimester, with infants at term who weigh more than 4 kg (8 lb 13 oz). Weight is the most affected parameter, but length and head circumference are often increased as well. Infants of diabetic mothers are often identifiable by macrosomia, round facies (Fig. 2-22), and sometimes plethora and hirsutism (especially of the pinnae). Maternal hyperglycemia causes glycogen deposition in the newborn, resulting in visceromegaly, most notable in the liver and heart. Although babies weighing more than 8 pounds are more likely to be from diabetic pregnancies, a significant number of large full-term newborns are the product of normal pregnancies. Nevertheless, all LGA infants should be routinely screened for hypoglycemia and their mothers investigated for the possibility of undiagnosed diabetes mellitus.
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Figure 2-22 Large-for-gestational-age infant. This infant of a diabetic mother weighed 5 kg at birth and exhibits the typical rounded facies.




Two fairly unusual syndromes can also cause excessive size: (1) cerebral gigantism, or Sotos syndrome, with macrosomia, macrocephaly, large hands and feet, poor coordination, and variable mental deficiency; and (2) Beckwith-Wiedemann syndrome with macrosomia, macroglossia, omphalocele, linear ear fissures, and neonatal hypoglycemia (see Chapter 9).









Placenta


Careful examination of the placenta can aid in the diagnosis and treatment of many conditions and diseases. Unfortunately, the placenta has been relegated to the afterbirth and is often immediately discarded without knowing the condition of the offspring. After the membranes and cord are trimmed, the normal ratio of fetal-to-placental weight is approximately 4.7 : 1. The configuration, color, condition of the membranes, insertion of the cord, and condition of the fetal and maternal surfaces are all relevant.


The insertion of the umbilical cord into the placenta, which can be central, eccentric, marginal, or velamentous, can be important in understanding unexplained asphyxia or blood loss. In a velamentous insertion (Fig. 2-23), the cord is inserted into the membranes rather than into the placental disk, leaving the umbilical vessels unprotected for a variable distance. These vessels are more prone to rupture, with resultant fetal hemorrhage (vasa previa).
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Figure 2-23 Velamentous cord insertion. The umbilical cord is inserted into the amniotic membranes rather than into the placental disk. This leaves the umbilical vessels relatively unprotected and predisposes them to rupture.




At times, placentation itself is abnormal. In a circumvallate placenta (Fig. 2-24), the villous tissue projects beyond the chorionic surface, with a hyalinized fold at the edge of the chorionic plate. This type of placentation may cause antepartum bleeding, premature labor, and increased perinatal mortality.
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Figure 2-24 Circumvallate placenta. Extension of villous tissue exists beyond the chorionic surface, with a well-defined hyalinized fold at the edge of the chorionic plate.




Premature placental separation (abruptio placentae) can lead to an accumulation of blood behind the placenta (Fig. 2-25). Although the bleeding is usually of maternal origin, rare fetal blood loss may also occur. Large abruptions may lead to poor growth, fetal asphyxia, or even death. Distinguishing a true abruption, in which an adherent clot compresses the maternal surface, from the nonadherent collection of blood that forms on normal placental separation is important.
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Figure 2-25 Abruptio placentae. Examination of this placenta reveals a small abruption site, with an adherent blood clot along the margin.




Placental infarctions (Fig. 2-26) tend to occur along the margin of the placenta, can vary in color from red to yellowish white, and are most common in pregnancies complicated by hypertension. Small placental infarcts (<30% of placental volume) are usually of little significance. However, large central infarcts can reduce the placental surface available for fetal oxygenation and nutrition and can result in aberrations in fetal growth.
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Figure 2-26 Infarcted placenta. A massive placental infarction making up the majority of the villous surface is shown. Such an extensive infarction compromises fetal nutrition and oxygenation.




Chorioamnionitis (Fig. 2-27), or inflammation of the fetal membranes, is an immediate clue to potential neonatal infection. On gross examination the membranes lack their normal sheen and translucency, appearing gray or yellow. Inflammation, confirmable by microscopic examination, can also be found in the fetal vessels of the chorionic plate and umbilical cord.
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Figure 2-27 Chorioamnionitis. This is a placental specimen from a pregnancy with documented amniotic fluid infection. The surface of the membranes is opaque and shows yellowish discoloration.




In pregnancies in which the quantity of amniotic fluid is decreased (oligohydramnios), examination of the amnion may also reveal shiny, gray, flat nodules known as amnion nodosum (Fig. 2-28). The presence of these nodules can be an immediate indication of renal dysfunction or renal agenesis in the newborn (or the newborn may have normal renal function). Because such infants may also have hypoplastic lungs and dysmorphic features (such as occurs in Potter syndrome), early diagnosis can be helpful to the physician and family.
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Figure 2-28 Amnion nodosum. The fetal surface of this placenta from a pregnancy with oligohydramnios demonstrates multiple nodules consistent with amnion nodosum. This finding suggests a strong possibility of renal agenesis or dysgenesis.




In multiple-gestation deliveries, a careful placental evaluation is crucial to determine chorion number and to distinguish between monozygotic and dizygotic twins. The major distinction to be made is whether there is a single chorion, or outer layer of the fetal membranes. When twins with a single chorion are present in a single amniotic cavity (Fig. 2-29), monozygosity is ensured. For all practical purposes, a single chorion that bridges two amniotic sacs is also evidence of monozygotic twins. In this instance it is essential to examine the membranes at the site of connection of the two amniotic sacs. When two chorions and two amnions (or a total of four membranes at their interface) are present (Fig. 2-30), twins may be monozygotic or dizygotic. Approximately 36% of monozygotic twins are dichorionic. Monochorionic (MC) twin placentas, developed for a singleton pregnancy, may not adapt to the demands of twin circulations. The majority of MC twin placentas have connecting vessels, which account for the higher rates of complications.





[image: image]

Figure 2-29 Monochorionic, monoamniotic placenta. Examination of this placenta from monozygotic twins reveals no dividing membranes, thus ensuring monozygosity.
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Figure 2-30 Dichorionic, diamniotic placenta. The presence of two amniotic sacs and separate chorions in this twin placenta precludes determination of zygosity.














Birth Trauma


In the majority of cases a newborn is relatively unscathed by the birth process. However, sometimes transient and permanent stigmata of birth trauma are evident. Prompt identification of such injuries is important for good management and can also prevent inappropriate speculation, diagnostic testing, and treatment.






Caput Succedaneum


Normal transit of the fetal head through the birth canal induces molding of the skull and scalp edema, especially if labor is prolonged. The edema, which can be massive, is known as a caput succedaneum (Fig. 2-31). Much of this edema is present at birth and tends to overlie the occipital bones and portions of the parietal bones bilaterally. In some cases, bruising of the scalp may also be present (especially if a vacuum extractor was used). The presence of a caput requires no therapy, and spontaneous resolution within a few days is the rule. Distinguishing caput from a subgaleal (subaponeurotic) hematoma, a rare but serious complication of delivery, is important. A subgaleal hematoma is a collection of blood within scalp tissues extending beneath the epicranial aponeurosis. Palpation of a large caput succedaneum reveals firm, nonpitting swelling. In contrast, the cranial swelling of subgaleal bleeding is boggy due to the palpation of clotted blood just beneath the epicranial aponeurosis (Fig. 2-32). The collection of blood in this potential space can be quite large, and these infants must be monitored for signs of hypovolemia. Serial examinations, which can include measurement of head circumference and hematocrit, are important to identify ongoing blood loss.
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Figure 2-31 Caput succedaneum. This infant has significant scalp edema as a result of compression during transit through the birth canal. The edema crosses suture lines.
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Figure 2-32 Sites of extracranial (and extradural) hemorrhages in the newborn. Schematic diagram of the important tissue planes from skin to dura.


(Modified from Pape KE, Wigglesworth JS: Haemorrhage, ischaemia and the perinatal brain, Philadelphia, JB Lippincott, 1979.)












Cephalhematoma


Often, confusion arises between the diagnosis of a caput and that of a cephalhematoma. The latter is a localized collection of blood beneath the periosteum of one of the calvarial bones; it may be bilateral, but is most often unilateral (Fig. 2-33). It is distinguished from a caput by the fact that its borders are limited by suture lines, usually those surrounding the parietal bones (see Fig. 2-32). However, diagnosis can be difficult in the immediate newborn period, when there may be overlying scalp edema. On palpation, the border may feel elevated and the center depressed. Most patients have an uncomplicated course of slow resolution over one or more months, although calcification may occur. On occasion, these infants may develop jaundice from the breakdown and resorption of the large hematoma. Underlying hairline skull fractures occur with some regularity but are rarely of clinical significance. The exception is the uncommon development of a leptomeningeal cyst. Radiologic investigation for an underlying depressed fracture is indicated in infants whose histories suggest significant trauma and those having depressed levels of consciousness or neurologic abnormalities on examination. Infection is another potentially serious but rare complication, which is more likely when the integrity of the overlying skin is broken.
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Figure 2-33 Cephalhematoma. In this infant with bilateral cephalhematomas, the midline sagittal suture remained palpable, confirming the subperiosteal location of the hematomas.











Clavicle Fracture


Fracture of a clavicle can occur during delivery when the infant is large, in breech position, or if there is fetal distress requiring rapid extraction. If undisplaced, the fracture may not be painful, and the infant may be asymptomatic (Fig. 2-34). The diagnosis may be suspected by palpation of crepitus or an asymmetrical Moro reflex. If there is pain or discomfort with routine handling, the fracture can be treated by immobilization of the ipsilateral limb and shoulder with the elbow flexed 90 degrees. Immobilization can be discontinued when a callus is palpable at 8 to 10 days. Many nondisplaced clavicle fractures are not diagnosed until the first newborn outpatient follow-up visit, when a large, firm callus may be palpated along the clavicle. If the child has an otherwise normal physical and neurologic examination at this time, a radiograph is not indicated. Radiographs would be indicated to help differentiate whether decreased arm movement is secondary to pain (clavicle fracture) or nerve injury (Erb’s palsy).
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Figure 2-34 Clavicle fracture. This infant had a palpable mass over the right clavicle immediately after delivery. Note the discontinuity of the right clavicle.











Meconium Staining


Meconium is noted in the amniotic fluid in as many as 10% of deliveries. The meconium may have been recently expelled or may have been present in the amniotic fluid for hours or days. Because the timing of the passage of meconium may have significance for the diagnosis of fetal distress, it is useful to examine infants for the presence of meconium staining. It takes at least 4 to 6 hours of contact before staining of the umbilicus, skin, and nails occurs (Fig. 2-35). Often, the meconium-stained infant is postmature and has diffuse peeling of the skin and a shriveled, stained umbilical cord.
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Figure 2-35 Meconium staining. The marked discoloration of this infant’s fingernails resulted from long-standing meconium staining of the amniotic fluid before delivery.











Bruises and Petechiae


Superficial bruising can occur when delivery is difficult. This is relatively common with breech presentations (Fig. 2-36) and can include swelling and discoloration of the labia or scrotum (to be distinguished from an incarcerated inguinal hernia). When bruises are extensive, significant secondary jaundice may develop as the extravasated blood is broken down and resorbed. In an infant in whom a nuchal cord is found at delivery, the presence of diffuse petechiae around the head and neck is common and does not warrant further investigation. In addition, petechiae found on the presenting body part are normal. The appearance of new bruises or petechiae after delivery should alert the physician and nurse to the possibility of a bleeding disorder or infection.
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Figure 2-36 Bruising. This severe bruising of the perineum was the result of a difficult breech labor and delivery.











Fat Necrosis


Many infants delivered with the aid of forceps show forceps marks after delivery. These marks tend to fade over 24 to 48 hours. On occasion, a well-circumscribed, firm nodule with purplish discoloration may appear at the site of a forceps mark. This may represent fat necrosis (Fig. 2-37) and resolves spontaneously over weeks to months. The phenomenon may also occur at other sites of trauma. Affected infants may develop symptomatic hypercalcemia.
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Figure 2-37 Fat necrosis. This discolored nodular lesion on the cheek is characteristic of subcutaneous necrosis of fat secondary to forceps trauma.











Nasal Deformities


Abnormalities of the nose are common after delivery, the majority consisting of transient flattening or twisting induced during transit through the birth canal. Less than 1% of nasal deformities are due to actual dislocations of the triangular cartilage of the nasal septum. These can be differentiated from positional deformities by manually moving the septum to the midline and observing the resultant shape of the nares. In a true dislocation, marked asymmetry of the nares persists (Fig. 2-38). Returning the septum to its proper position can be accomplished in the nursery with the guidance of an otolaryngologist. Failure to recognize and treat dislocation may lead to permanent deformity.
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Figure 2-38 Nasal deformity. This infant incurred dislocation of the triangular cartilage of the nasal septum during delivery. Inspection of the nose reveals deviation of the septum to the right and asymmetry of the nares (A). When the septum is manually moved toward the midline, the asymmetry persists, confirming the dislocation (B).











Peripheral Nerve Damage


Injury to the peripheral nervous system, especially the facial and brachial nerves, is one of the more common serious occurrences related to birth. Unilateral facial nerve palsy is the most common peripheral nerve injury, with an incidence as high as 1.4 per 1000 live births. Injury can result from direct trauma from forceps or from compression of the nerve against the sacral promontory while the head is in the birth canal. With pronounced nerve injury, there is decreased facial movement and forehead wrinkling on the side of the palsy, eyelid elevation, and flattening of the nasolabial folds and corner of the mouth (Fig. 2-39). Crying accentuates the findings, with the most obvious sign being asymmetrical movement of the mouth. The side that appears to droop when crying is the normal side. The differential diagnosis includes Möbius syndrome (usually bilateral) and absence of the depressor anguli oris muscle, which may be associated with cardiac anomalies. The latter condition is distinguishable from facial nerve palsy by the absence of involvement of the forehead, eyelid, or nasolabial area. The prognosis for facial nerve palsies is excellent, and recovery usually occurs within the first month. In the meantime, prevention of corneal drying is essential. Surgery is reserved for cases in which clear-cut severing of the facial nerve has occurred. Referral should be made if there is no improvement after 2 to 3 months.
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Figure 2-39 Facial nerve palsy. This infant incurred injury to the right facial nerve, resulting in loss of the nasolabial fold on the affected side and asymmetrical movement of the mouth. The side of the mouth that appears to droop is the normal side.




The incidence of brachial plexus trauma with current obstetric management is approximately 0.7 per 1000 live births. The mechanism of injury in most instances is traction on the plexus during delivery. Although lesions have classically been divided into those affecting upper spinal segments (Erb’s palsy) and those affecting lower segments (Klumpke’s palsy), the distinction may not be clear-cut in some cases. Injury to the C5 and C6 fibers is most often identified by the child’s arm hanging limply adducted and internally rotated at the shoulder and extended and pronated at the elbow (Fig. 2-40, A). Injury affecting the lower segments of C7 and T1 rarely occurs in isolation, causing weakness of the wrist and hand, and ultimately leads to a claw-hand deformity (Fig. 2-40, B and C). There may be sensory loss along the ulnar side of the hand and forearm in the distribution of the T1 dermatome. If the T1 root is affected with interruption of the sympathetic innervation at that level, Horner’s syndrome may be apparent. Appropriate deep-tendon reflexes are absent. It may be difficult to confirm sensory deficit, and autonomic fibers are often intact. Diagnosis is made clinically, but electromyography may be indicated to assess the severity of the injury and to determine the prognosis in patients not showing improvement after 6 to 8 weeks. Treatment should be deferred for at least 7 to 10 days; then specific physical therapy and splinting should be undertaken. Most infants with brachial plexus palsies demonstrate complete recovery in the first few months of life. Earlier recovery suggests better long-term prognosis.
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Figure 2-40 Brachial plexus injury. A, Traction injury to C5, C6, and C7 spinal cord segments produced this (Erb) palsy. This infant demonstrates the characteristic posture of the limply adducted and internally rotated arm. B and C, Infant with Klumpke palsy involving the lower segments of C7 and T1. Note the different posture of the arm compared with the Erb palsy, and the claw-hand deformity.


(B and C, Courtesy Dr. Michael Painter, Children’s Hospital of Pittsburgh.)















Congenital Anomalies


Innumerable congenital anomalies, many of a minor nature, can be noted at birth. Although any single minor malformation may be of little medical consequence, the identification of three or more in a single infant may be a clue to more serious errors of morphogenesis. A careful family history including examination of the parents and siblings can often place these malformations in proper perspective.






Hands and Feet


The majority of minor external anomalies involve the hands, feet, and head. One of the more common abnormalities of digitation, especially in African-American infants, is the presence of a supernumerary digit (Fig. 2-41), which is most often located lateral to the fifth digit on the hand or foot. This condition is distinguishable from true polydactyly because of the small pedicle that attaches the extra digit to the fifth digit. The supernumerary digit may have a fingernail but often lacks bones. Although usually of no consequence, a supernumerary digit has, on occasion, been associated with major central nervous system (CNS) malformations. Removal may be accomplished by applying a ligature around the pedicle (assuming that it is thin and lacks palpable bony tissue) as close as possible to the surface of the fifth digit and allowing for the extra digit to fall off naturally. This usually takes approximately 1 week. Care should be taken to observe for infection.
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Figure 2-41 Supernumerary digit. This is the common position for a sixth digit. The thin pedicle distinguishes this anomaly from true polydactyly.




True polydactyly (duplication of digits) may also be seen (Fig. 2-42). It is most common on the feet but can also occur on the hands. A family history of this anomaly may exist, or it may occur in association with other, more serious patterns of malformation. Although removal is not required, it may be indicated cosmetically.
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Figure 2-42 Polydactyly. True bilateral polydactyly of the fifth toe is seen in this infant.




Syndactyly, fusion of the soft tissues between digits, is relatively common (Fig. 2-43). Once again, a family history can be helpful to determine association with other anomalies. Surgical correction of the syndactylism is usually postponed until 3 years of age unless there is a synchondrosis (cartilaginous union) or synostosis (bony union) that may interfere with growth.
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Figure 2-43 Syndactyly. This child demonstrates bilateral fusion of the soft tissue between the first and second toes.




Palmar creases occur as a consequence of flexion of the thickened skin of the hand in the first trimester. Alterations in folding of the palmar plane may be affected by the slope of the third, fourth, and fifth metacarpal–phalangeal joints or relative shortness of the palm. A single, unilateral, midposition plane of flexion, single palmar crease, is found in 4% of the population (bilateral in 1% of the population).









External Ear


Careful morphologic examination of the external ear may reveal a number of minor anomalies. One of the more common is the presence of preauricular skin tags located anterior to the tragus (Fig. 2-44). These tags may be unilateral or bilateral and represent remnants of the first branchial arch. Although often of little consequence, they may be seen in serious malformations of branchial arch development involving multiple structures of the head and neck. Surgical removal may be indicated for cosmetic purposes.
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Figure 2-44 Ear tags. Multiple preauricular skin tags were seen as an isolated finding in this patient.




A second, often overlooked malformation is the presence of ear pits or congenital aural fistulas located anterior to the tragus (Fig. 2-45). These may be familial, occur twice as often in girls, and are more common in African Americans. They are of little consequence beyond the fact that they may become infected.
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Figure 2-45 Aural fistula. A pronounced congenital ear pit is seen anterior to the tragus. Its only significance is that it may become infected.











Oral Clefts


Cleft lip and palate are among the most common facial anomalies (Fig. 2-46). These defects represent failure of lip fusion (at 35 days of gestation) and, in some cases, subsequent failure of closure of the palatal shelves (at 8 to 9 weeks of gestation). Although many cases occur spontaneously, others appear to be inherited, and in a minority of instances the defect is one manifestation of a chromosomal disorder. Adequate assessment necessitates careful examination of all structures of the head and neck and their relationship to each other. For example, cleft palate may be coupled with mandibular hypoplasia (Pierre Robin sequence), resulting in significant respiratory obstruction. Because of associated eustachian tube dysfunction, otitis media is an almost invariable complication of cleft palate. Specialized feeding techniques are often necessary for these infants. Even in the absence of an overt cleft, palpation and visualization of the palate and uvula should be routine because clefts of the soft palate (associated with a bifid uvula and a midline notch at the posterior border of the hard palate) can lead to later speech problems (see Chapters 22 and 23).
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Figure 2-46 Cleft lip. A prominent bilateral cleft lip with a complete cleft palate is seen in an infant with trisomy 13. The cleft extends from the soft to the hard palate, exposing the nasal cavity.











Midline Defects


Although major malformations of the spinal column, such as myelomeningocele, are readily identifiable (see Chapter 15), diagnostic differentiation between two other midline defects—pilonidal sinuses and congenital dermal sinuses of the lumbar and sacral spine—can be difficult. A pilonidal sinus tends to be located over the sacrum (Fig. 2-47). The surface opening is usually larger than that of a dermal sinus, but the tract rarely extends into the spinal canal; therefore although infection can occur, CNS extension is unlikely. A congenital dermal sinus is usually located over the lower lumbar region, with a sinus tract that can extend farther down the spinal column. The external orifice may be a small dimple or an easily visible opening surrounded by hair. Recognition is important because there may be an underlying spinal dysraphism, and infection of the tract can extend to the CNS. These abnormalities can herald an occult tethered spinal cord, which may occur with minimal or no neurologic signs. Failure to recognize the possible association of these cutaneous abnormalities with an occult tethered cord could result in later neurologic abnormalities including foot and lower extremity deformities, decreased sensation, weakness, abnormal gait, and bladder dysfunction. Diagnosis can be made by ultrasound, optimally in the newborn period because the acoustic window becomes smaller as the child grows (Fig. 2-48).
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Figure 2-47 Pilonidal sinus. This midline sinus overlying the sacrum did not extend to the spinal cord.
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Figure 2-48 Transducer is centered in the midline in the sagittal plane over the lower lumbar spine. The lumbar spinal cord (arrowheads) extends into the sacral portion of the spinal canal and is dorsally displaced. The conus terminates at the approximate level of S2. CSF, cerebrospinal fluid; vb, vertebral body.


(Courtesy A’Delbert Bowen, MD, Children’s Hospital of Pittsburgh.)





Another form of midline defect may occur over the posterior parietal scalp and consists of a localized area of ectodermal dysplasia (Fig. 2-49). This lesion appears “punched out” and lacks all normal dermal elements. It may be associated with chromosomal anomalies, especially trisomy 13, but may be present in otherwise normal infants. Similar lesions, often located on the extremities, should be distinguished from those on the scalp because they often represent a dermatologic defect known as cutis aplasia.
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Figure 2-49 Localized ectodermal dysplasia. An extensive punched-out area lacking all normal dermal elements is seen in the midline of the scalp of this child with trisomy 13.











Skin


Complete examination of the newborn’s entire skin surface is essential. Quality of the neonate’s skin can be an indicator of gestational age (see Figs. 2-5 and 2-6). Skin anomalies evident in the newborn period are quite common. These conditions include transient and spontaneously resolving rashes and more permanent variations (see Chapter 8).


Jaundice is a yellow hue of the skin and mucous membranes (Fig. 2-50) and is a cause for concern if noted within the first 24 hours of life. The color is a result of deposited bilirubin, an end product of heme catabolism that occurs in the normal newborn at an increased rate due to decreased red blood cell survival in the neonatal period. Bilirubin can also concentrate and deposit in the brain, leading to neuronal injury and the devastating condition of kernicterus. Physiologic elevation occurs in newborns with a peak at about 3 days. Premature neonates have a delayed and more severe bilirubin peak at 5 days due to delayed maturation of the hepatic uridine diphosphate-glucuronosyltransferase (the enzyme controlling bilirubin conjugation to allow for its excretion). It is routine for newborns to be screened for hyperbilirubinemia before discharge from the hospital. Common risk factors for hyperbilirubinemia include breast-feeding, low birth weight, ABO incompatibility, and cephalhematoma.
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Figure 2-50 Scleral icterus. The yellow hue of a jaundiced newborn may be evident in the sclera, as in this newborn.











Congenital Hip Dislocation


Congenital hip dislocation occurs six times more frequently in females than in males, with an overall incidence of 1.5 in 1000 live births. Associated factors include breech presentation, oligohydramnios, and first-born infants. The pathologic anatomy involves superior capsular laxity and a shallow acetabulum due to limited concentric contact with the femoral head. The key diagnostic sign on physical examination of the newborn is hip instability with the capacity for hip dislocation and subsequent relocation. Only one hip should be examined at a time. Examining both hips simultaneously may impair proprioception such that soft tissue “clicks,” due to movement of fascia over the greater trochanter, may be mistaken for the dull “clunk” of dislocation. In experienced hands the diagnosis can easily be confirmed by ultrasonography, which is a sensitive procedure for detecting hip dysplasia (Fig. 2-51) in the immediate newborn period. Screening ultrasound, however, should not be performed before 2 weeks of life because physiologic laxity of the ligaments may result in a high false-positive rate. Ideally, orthopedic consultation for treatment should be obtained within the first 6 months of life.
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Figure 2-51 Coronal flexion images with the transducer over the posterolateral aspect of the hip joint, centered on the femoral head (FH). A, Normal cartilaginous femoral head is shown well-seated in the acetabulum (arrowheads). B, Congenital dislocation with the femoral head markedly subluxed laterally and the invagination of fatty tissue (pulvinar) that occupies the space between the femoral head and the acetabulum (arrowheads).


(Courtesy A’Delbert Bowen, MD, Children’s Hospital of Pittsburgh.)












Amniotic Bands


A number of serious structural deformations can result from early in utero amniotic rupture and subsequent bandline compression or amputation. The band-induced abnormalities generally affect the limbs, digits, and craniofacial structures (Fig. 2-52). This phenomenon is usually sporadic.
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Figure 2-52 Amniotic bands. A lower extremity amniotic band caused amputation of the toes and constriction around the lower leg.











Umbilical Hernia


An umbilical hernia is a common finding, especially in African-American infants (Fig. 2-53). The incidence of this defect of the central fascia beneath the umbilicus is also higher in premature infants and those with congenital thyroid deficiency. Distinguishing between this relatively benign fascial defect and the more serious defects of the somites that form the peritoneal, muscular, and ectodermal layers of the abdominal wall underlying the umbilicus, resulting in an omphalocele, is important. In the latter condition, a portion of the intestine is located outside the abdominal wall (see Chapter 17). When large, the distinction is obvious, but in its mildest form, an omphalocele resembles a fixed hernia of the umbilicus. True umbilical hernias usually require no therapy, and spontaneous resolution occurs within the first few years of life. Those that remain after the age of 3 years can be surgically repaired. Attempts to reduce the hernia with tape or coins are ineffective and may result in side effects such as adhesive reaction/allergy. Incarceration is rare.
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Figure 2-53 Umbilical hernia. This prominent umbilical hernia was noted at birth in an otherwise normal African-American infant.











Scrotal Swelling


Swelling of the scrotum in the neonate is relatively common, especially in breech deliveries. Although the differential diagnosis includes hematomas, infections, testicular torsion, and tumors, the majority of cases are attributable to hydroceles or fluid accumulation in the tunica vaginalis. Palpation reveals an extremely smooth, firm, egg-shaped mass that brightly transilluminates (Fig. 2-54). When the hydrocele is noncommunicating, the clinician can often palpate above the mass with the thumb and finger and feel a normal spermatic cord. The testicle may be difficult to palpate but is usually visible on transillumination. With inguinal hernias, the prolapsed intestine may transilluminate as well, but it usually presents visible septa under high-intensity light. Furthermore, on palpation there is significant thickening of the spermatic cord. Although a hydrocele may persist for months, the majority resolve spontaneously. There is a high association with inguinal hernias, especially in hydroceles that persist. In such cases the spermatic cord is often noticeably thickened. Given the association with hernias, the possibility of bowel incarceration should be kept in mind. Surgical repair is indicated when a hydrocele persists for more than 6 months or when it is associated with findings suggestive of an inguinal hernia such as a communicating hydrocele. These hydroceles will randomly appear to become smaller and larger over time. (See Chapter 17 for a more detailed discussion of inguinal hernias.)
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Figure 2-54 Scrotal swelling. This infant demonstrates a unilateral hydrocele that was noted at birth. Transillumination was consistent with the diagnosis.














Respiratory Distress


The differential diagnosis and subsequent management of the infant with respiratory distress are the most frequent challenges encountered by the practitioner of newborn medicine. Problems posed by prematurity, the failure of the necessary transition to extrauterine existence, infectious complications, metabolic derangements, and various congenital and acquired abnormalities of the cardiopulmonary system may all lead to a similar presentation in the newborn period.


Infants with respiratory distress may present with tachypnea or cyanosis (Fig. 2-55), or both, and varying degrees of a triad of signs, which include grunting, flaring, and retractions (GFR). Grunting is a characteristic involuntary guttural expiratory sound made by infants as they exhale against a closed glottis in an attempt to maintain expiratory lung volume. Flaring refers to the reflexive opening of the nares during inspiration (Fig. 2-56). Retractions are the result of increased respiratory effort with high negative intrathoracic pressures leading to an inward collapse of the relatively compliant chest wall of the newborn during inspiration (Fig. 2-57).
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Figure 2-55 Cyanosis. This critically ill infant exhibits cyanosis and poor skin perfusion.
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Figure 2-56 Flaring. Reflexive widening of the nares may be seen in infants with respiratory distress.
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Figure 2-57 Retractions. The inward collapse of the lower anterior chest wall can be seen in this premature infant with respiratory distress syndrome.




Classic respiratory distress syndrome (RDS) is caused by a combination of lung immaturity secondary to preterm delivery and surfactant deficiency. The radiographic findings (Fig. 2-58) in such infants consist of a ground-glass appearance (small airway and alveolar atelectasis) and “air bronchograms” (an outline of the large airways superimposed on the relatively airless lung parenchyma). Infants with RDS usually need supplemental oxygen therapy and surfactant replacement and often require mechanical ventilatory assistance.
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Figure 2-58 Respiratory distress syndrome. Note the ground-glass appearance and the presence of air bronchograms.




Most infants with RDS recover without sequelae. However, a small proportion develops a chronic lung condition known as bronchopulmonary dysplasia. Histologically, this condition is characterized by varying degrees of inflammation and fibrosis (Fig. 2-59). The chest x-ray studies of such infants exhibit areas of hyperinflation alternating with atelectasis (Fig. 2-60).
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Figure 2-59 Bronchopulmonary dysplasia. Histologic features include inflammation and fibrosis.
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Figure 2-60 Bronchopulmonary dysplasia. Note the alternating areas of hyperinflation and atelectasis.




The most common cause of respiratory distress in term infants is transient tachypnea of the newborn (TTN). Thought to be related to the delayed removal of fetal lung fluid, this condition is more common in infants born by cesarean section. Radiographic findings may include streaky perihilar shadows caused by dilated lymphatics or visible fluid densities within the intralobar fissures (Fig. 2-61), or both. As its name implies, TTN resolves over time, usually with minimal supportive care.
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Figure 2-61 Transient tachypnea of the newborn. Radiograph reveals a number of streaky perihilar densities and a visible fluid density in the right major fissure.




Unfortunately for the clinician, the early clinical and radiographic findings in infants with potentially life-threatening congenital pneumonias may mimic those seen in RDS or TTN (Fig. 2-62). This diagnostic uncertainty leads to early treatment with antibiotics until bacterial cultures, serial chest radiographs, and clinical improvements reassure the practitioner that the discontinuation of such antibiotics is warranted.
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Figure 2-62 Congenital pneumonia. Cultures from the lungs of this infant were positive for group B streptococci. Note the similarity to Figure 2-61, with streaky perihilar densities and visible fluid density in the right major fissure.




Meconium aspiration elicits an inflammatory response within the lungs and may also present as respiratory distress. The radiographic findings consist of irregularly distributed areas of hyperaeration and consolidation throughout the lung parenchyma (Fig. 2-63).
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Figure 2-63 Meconium aspiration. The radiograph reveals irregularly distributed areas of hyperaeration and consolidation.




Congenital heart disease (see Chapter 5) and various anomalies of the thoracic cavity or lungs (see Chapter 16) also commonly manifest in the newborn with signs of respiratory distress and should be included in the differential diagnosis. Pulmonary air leak syndromes such as pneumothorax (Fig. 2-64; and see Fig. 17-46) and pneumomediastinum (Fig. 2-65) are among the more common complications.
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Figure 2-64 Tension pneumothorax. Note the shift of the mediastinum, flattening of the diaphragm, and widening of the intercostal spaces. Also note the umbilical central lines, nasogastric tube, and endotracheal tube.
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Figure 2-65 Pneumomediastinum. A central collection of air in the mediastinum. Note the support lines and tubes in place.











Hypothermia


The newly born infant is dependent on the environment as well as its own skin to maintain thermoregulation. Newborns should be placed in a warm environment such as a radiant warmer or on the mother’s chest and dried immediately after birth to prevent heat loss. Swaddling and a warm room temperature are basic considerations. An additional heat source such as an incubator may be required in preterm infants.


Purposeful hypothermia may be induced in the infant who suffers from an event of hypoxic–ischemic encephalopathy. Cooling the infant to a core temperature of 33.5°C to 34.5°C for 72 hours reduces the outcome of death and long-term severe neurodevelopmental sequelae.









Newborn Stools


An infant’s first few bowel movements consist of accumulated intestinal cells, bile, and proteinaceous material formed during intestinal development. The material, termed meconium (Fig. 2-66), is a sticky, greenish black product mirroring the shape of the fetal intestine. When passed into the amniotic fluid before delivery, it can, if aspirated into the lung, cause an inflammatory pneumonitis. Early passage of meconium is generally precipitated by fetal distress or asphyxia. Failure to pass meconium in the first 2 days of life may indicate intestinal obstruction resulting from stenosis, atresia, or Hirschsprung’s disease. The possibility of cystic fibrosis with a meconium ileus should also be considered. In premature infants, failure to pass meconium may reflect meconium plug syndrome (small left colon syndrome), which appears to be a disorder of maturation of intestinal motility. In most cases a Gastrografin enema leads to prompt passage of meconium without recurrence.
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Figure 2-66 Meconium. A typical sticky, greenish black meconium stool consists of accumulated intestinal cells, bile, and proteinaceous material formed during intestinal development.




By the third day of life, stools change in character and become known as transitional stools (Fig. 2-67). They are greenish brown to yellowish brown, are less sticky than meconium, and may contain some milk curds. In some infants who are fed generous quantities of milk during the first few days, the stool may have an increased liquid component that contains undigested sugar. This diarrheal stool resolves with moderation in the quantity of feeding, because it is caused by the osmotic effect of undigested lactose.
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Figure 2-67 Transitional stool. At 2 to 3 days after delivery, stools become greenish brown and may contain some milk curds.




After the third to fourth day, the quality and frequency of stool are often functions of the type of milk ingested. Breast-fed infants have stools that are yellow to golden, mild smelling, and vary from pasty to watery in consistency (Fig. 2-68). Infants fed commercial formulas have pale yellow to light brown stools that are firm and somewhat more offensive in odor (Fig. 2-69). A wide range of normal stool frequency exists in formula-fed neonates. Many infants have a stool after each feeding for the first several weeks, which is due to an active gastrocolic reflex; other infants may have one stool every few days. Breast-fed infants should have at least six stools per day by the third day of life, and this should persist for the first few weeks of life. Infrequent passage of stool in the breast-fed infant is a sign of inadequate feeding in the first weeks of life.
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Figure 2-68 Breast-milk stool. The stools of breast-fed infants are usually yellow, soft, and mild-smelling and typically have the consistency of pea soup. Breast milk stools can also be watery.







[image: image]

Figure 2-69 Formula stool. Infants fed commercial formulas typically have darker, firmer stools than breast-fed infants.




A careful history, with emphasis on an infant’s stool pattern, feeding history, and any parental attempts (laxatives, rectal manipulation) to induce bowel movements, can be extremely important. Normal weight gain in the presence of true diarrhea is unusual. Difficulty passing stools (straining, crying, decreased frequency) may reflect local irritation from anal fissure formation rather than true constipation. Constipation is defined by hard pellet stools rather than frequency. The use of a topical lubricant and stool softeners can be recommended to resolve constipation. Failure of such measures suggests the possibility of a significant pathologic condition (see Chapter 17).









Abdominal Distention


A neonate’s abdomen is naturally rounded due to poor muscle tone. An excessive protuberance can indicate pathology. As previously discussed, eliciting a thorough stooling history can help differentiate the etiology of abdominal distention. The differential diagnosis includes functional and anatomic obstructions, infection, organomegaly, and masses. The abdomen should be examined while the infant is quiet, with avoidance of examination immediately after a feeding. Radiographic studies such as ultrasound (pre- and postnatal) and abdominal plain films are helpful diagnostic aids. In addition, water-soluble contrast enemas and abdominal computerized tomography scans may be necessary to differentiate an etiology. Surgical consultation may be warranted (see Chapter 17 for further discussion).









Breast-Feeding


Human breast milk is the optimal food for almost all infants. The American Academy of Pediatrics and the World Health Organization recommend that infants be fed human milk exclusively for the first 6 months of life and that breast-feeding be continued with the addition of complementary foods until at least age 1 or 2 years, respectively. Human milk provides both immediate and long-term benefits to infants, mothers, and society. The Agency for Healthcare Research and Quality commissioned a systematic review of the literature regarding the benefits and risks of breast-feeding for infants and children in the developed world. Study findings regarding risk reduction afforded breast-fed children compared with formula-fed infants are summarized in Table 2-2. Women who breast-feed have less postpartum bleeding, more rapid involution of the gravid uterus, and reduced risk of type 2 diabetes mellitus, ovarian cancer, and breast cancer. Societal benefits include health care savings due to fewer office visits and hospitalizations, less absenteeism from work, and ecologic benefits.


Table 2-2 Summary of Findings from 2007 AHRQ Report: Breast-feeding and Maternal and Infant Health Outcomes in Developed Countries






	Infants and Children

	% Lowered Risk






	Lower respiratory tract infections

	72






	Gastrointestinal infections

	64






	Otitis media

	50






	Atopic dermatitis

	42






	Asthma

	27-40






	Diabetes type 1

	19-27






	Diabetes type 2

	39






	Obesity

	7-27






	SIDS

	36






	Childhood leukemias

	15-19







AHRQ, Agency for Healthcare Research and Quality.


From Ip S, Chung M, Raman G, et al: Breastfeeding and maternal and infant health outcomes in developed countries. Evidence Report/Technology Assessment No. 153 (Prepared by Tufts-New England Medical Center Evidence-based Practice Center, under Contract No. 290-02-0022). AHRQ Publication No. 07-E007. Rockville, Md, 2007, AHRQ.


Breast milk is biologically complex, species specific, and serves both as a source of nutrition and immunologic support for the developing infant. It contains hundreds of bioactive substances including entire white blood cells (e.g., macrophages, T cells, B cells, and neutrophils), proteins such as immunoglobulins (IgA, IgD, IgG, and IgM) and immune-modulating factors (e.g., lactoferrin, lysozyme, and lactoperoxidase), hormones (e.g., thyrotropin-releasing hormone, thyroxine, cortisol, and insulin-like growth factor-1), growth factors (e.g., epidermal growth factor, and human-milk growth factors I, II, and III), enzymes, and cholesterol. These bioactive agents, which are not found in commercially prepared human milk substitutes, augment the infant’s immature immune system. Human milk changes during feedings and across time in order to meet the changing nutritional and immunologic needs of infants.


In 2007, 75% of women in the United States initiated breast-feeding, but only 43% were still feeding their infant any breast milk at 6 months and 22% at 12 months compared with the Healthy People 2020 (HP2020) national public health objectives of 75%, 50%, and 25%, respectively. The HP2020 goals for exclusive breast-feeding are that 60% of women will still be exclusively breast-feeding until 3 months and 25% until 6 months; unfortunately, rates of exclusive breast-feeding remain significantly below these recommendations at 33% and 13%, respectively.


Health care providers play an important role in a woman’s decision to breast-feed and can also have a significant impact on a woman’s success with breast-feeding. Therefore it is important that health care providers know the benefits of breast-feeding, the normal patterns of feeding, elimination, and growth, and be able to assist a woman with latch, positioning, and commonly encountered breast-feeding problems.


Research has shown that women usually choose an infant feeding method before or in the first trimester of pregnancy but that their health care provider’s opinions can affect this decision. Therefore, the American College of Obstetricians and Gynecologists and other organizations strongly encourage health care providers to discuss the benefits of breast-feeding in the early reproductive years and reinforce it again early in pregnancy. The benefits of breast-feeding can be discussed in multiple settings, such as school-based education, family planning and obstetric clinics, prenatal visits, and public health campaigns. Women’s infant feeding intentions before delivery are the strongest predictor of their actual infant feeding behavior.


Health care providers can help a mother–baby dyad succeed at breast-feeding by providing both clinical expertise and emotional support. The role of the pediatric health care provider in supporting breast-feeding begins either at the prenatal visit or in the newborn nursery. The pediatric health care provider should obtain maternal and birth histories, observe a breast-feeding, and provide appropriate education.






Pregnancy and Breast Development


The human breast is not fully developed until pregnancy. During the first trimester of pregnancy, the ductal system of the breast expands and branches under the influence of estrogen. Nearing the second trimester, the milk-producing cells (acini) begin to accumulate a substance similar to colostrum. Prolactin and placental lactogen support the production of colostrum. During the third trimester, the ductal system of the breast continues to expand and dilate and fill with colostrum. After birth, with the rapid decline in progesterone that occurs with removal of the placenta, milk production begins under the influence of prolactin. The changes in the internal structure of the breast are usually accompanied by external changes as well. Most women experience an increase in breast size, a darkening of the areola, and increased prominence of the Montgomery glands. These breast changes are reassuring that the woman’s body is preparing for lactation.


Women who do not experience these breast changes should be closely monitored after delivery for breast-feeding problems, especially inadequate milk supply. Although rare, some women may have insufficient glandular tissue (Fig. 2-70, A and B) that is associated with insufficient milk supply.
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Figure 2-70 Insufficient breast glandular tissue. Tubular breast shape, little to no breast enlargement, and little areolar darkening with pregnancy may indicate insufficient glandular tissue. There is often a family history of inadequate milk supply. Women with this condition may benefit from a referral to a lactation consultant. A, A 26-hour postpartum woman with tubular-shaped breasts without any fullness. B, A woman with insufficient glandular tissue and significantly different breast size who has insufficient milk supply.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)





Breast size is not associated with breast-feeding success. Breast reduction surgery can negatively affect a woman’s ability to exclusively breast-feed her infant because of disruption of nerves and milk ducts. However, newer surgical techniques result in fewer problems and therefore women who have had breast reduction surgery should be encouraged to try breast-feeding. Augmentation does not usually impact breast-feeding success, although excessively large implants can worsen engorgement. Women who have had breast surgery should be monitored closely in the first few weeks after delivery for evidence of low milk supply and inadequate infant weight gain.









Contraindications to Breast-Feeding


There are few absolute contraindications to breast-feeding. In the developed world, women with HIV/AIDS or human T-lymphotropic virus (HTLV) should not breast-feed. Mothers with active tuberculosis can express their milk and have someone else feed the baby until she has initiated treatment and is no longer considered contagious. Women with herpes simplex infections of the breast should not feed the infant on the side with the herpes lesions; however, they can be fed from the uninfected side as long as the lesions are covered. The American Academy of Pediatrics (AAP) Red Book is an excellent source of detailed information about infectious diseases and breast-feeding.


Infants with classic galactosemia should not be breast-fed because human milk contains high levels of lactose. Infants with other forms of galactosemia, tyrosinemia, and phenylketonuria may be partially breast-fed, but this should be determined on an individual basis along with the metabolism/genetics specialist caring for the infant.


Most, but not all, medications are safe for women to take during lactation. The National Library of Medicine website, LactMed, is free and available on the Internet and is an excellent source of information; in addition, it is continuously updated. The AAP breast-feeding policy indicates that tobacco use is not a contraindication to breast-feeding. However, women who smoke tobacco should be encouraged to smoke outside and to decrease cigarette use or preferably to stop smoking. Women who smoke should be counseled to do so after feedings to minimize the transfer of nicotine into breast milk. Women who use illicit drugs should be counseled not to breast-feed. Women prescribed methadone or buprenorphine for the treatment of opiate addiction should be encouraged to breast-feed if they remain adherent to their drug treatment program and do not have any other contraindication to breast-feeding.









Breast-feeding Evaluation


Pediatric health care providers should be comfortable observing and assisting women with breast-feeding, especially during the neonatal period, the first health maintenance examination, and when problems arise such as poor weight gain or painful nursing. A thorough evaluation includes a history, examination of the mother’s breasts, observation of the latch and positioning, and assessment of milk transfer. Some health care providers may find it more comfortable to perform the physical examination of the maternal breast with a chaperone, as is done with examinations of the genitalia.






History


The history should be appropriate for the visit. At the neonatal and first postpartum visits it should include pregnancy and birth history, frequency, duration and pattern of nursing, frequency of voids, frequency and character of stools, weight change, jaundice, pain with nursing, and maternal concerns. The AAP’s Breastfeeding Handbook for Physicians, Chapter 8 (“Maintenance of Breastfeeding—The Infant”) provides key points to support maintenance of breast-feeding for each pediatric visit from birth to 12 months.









Breast Examination


If a woman is having difficulty latching the baby in the neonatal period or if she complains of pain at any time, her breasts should be examined. For latching problems, it is important to determine whether a woman has flat or inverted nipples. Nipple inspection alone does not answer this question and the pinch test must be performed (Fig. 2-71). The nipple is normally everted if the nipple protrudes when the areola is compressed, inverted when it retracts toward the breast when the areola is compressed, and flat when it neither protrudes nor retracts. Although flat or inverted nipples may make it more difficult for the infant to latch in the first few days, women with flat or inverted nipples should not be discouraged about breast-feeding because in many cases of flat and inverted nipples, babies latch without difficulty. However, if an infant has difficulty latching, the mother–infant dyad should be seen within the first day of birth by someone experienced in lactation support. The adhesions that cause the nipple to flatten or invert can usually be broken. Having the mother use a manual or electric breast pump for a few minutes before the baby latches to draw out the nipple can do this. Another option is to use a nipple shield (Fig. 2-72) for a short time to allow the baby to latch more easily. If a nipple shield is offered, it should be done under the supervision of someone experienced in lactation support because it is not intended for long-term use. Flat and inverted nipples usually improve with nursing. The use of breast shells during pregnancy has not been shown to improve flat and inverted nipples. Prepregnancy use of shells may undermine a woman’s confidence in her ability to nurse her infant and thus may impede successful breast-feeding.





[image: image]

Figure 2-71 Nipple evaluation with the pinch test. A, Protracting normal nipple. B, Moderate to severe retraction. C, Inverted-appearing nipple, which, when compressed using the pinch test, either inverts farther inward or protracts forward. D, True inversion: nipple inverts further using pinch test.


(Reprinted with permission from Riordan J, Auerbach K, editors: Breastfeeding and human lactation, ed 2, Sudbury, Mass, 1999, Jones & Bartlett, p. 99. Available at www.jbpub.com)
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Figure 2-72 A, A preterm infant is breast-feeding with nipple shield in place. Nipple shields can be used for preterm or term infants who have difficulty with latch for a variety of reasons, such as maternal flat or inverted nipples and engorgement. They are not intended for long-term use and should be used under the supervision of a person well trained in lactation support. B, A preterm infant is full and satisfied after breast-feeding with a nipple shield in place. The nipple shield has multiple fenestrations, so the milk comes out as it does from the mother’s nipple.











Latch


A key factor in the success of breast-feeding is an appropriate latch (Fig. 2-73, A and B) because it affects both milk supply and comfort. When a baby is properly latched on the breast, the baby’s mouth is wide open, with the angle between the baby’s upper and lower lips nearly 180 degrees. The upper and lower lips should be everted, with the baby’s lips as far back on the areola as possible and the nipple in the back of the baby’s mouth. Because of the wide variability in the size of babies’ mouths and mothers’ nipples and areolas, the amount of areola visible during an effective latch is highly variable. When the infant lets go of the breast, the nipple should not be flattened; it should remain round. A flattened nipple is a sign that the baby’s mouth is not opened wide enough during the feeding. When the latch is inadequate (Fig. 2-74), the mother may experience discomfort and the baby may not be able to empty the breast effectively and efficiently. Some women experience normal discomfort just as the baby latches on that resolves in less than a minute. However, if a woman experiences persistent pain with breast-feeding she should unlatch the baby from the breast by inserting a finger into the corner of the baby’s mouth and between the gums and gently pressing down toward the baby’s chin. The baby should then be repositioned and a proper latch attempted again. If the pain continues, the mother–baby dyad should be observed during a feeding by a person experienced in breast-feeding assessment. An inadequate latch can result in nipple trauma (Fig. 2-75, A and B) and, over time, can compromise milk supply.
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Figure 2-73 A and B, Good latch. A good latch is characterized by a wide-open mouth, everted lips, and high position on the mother’s areola. The angle between the baby’s two lips should be close to 180 degrees.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)
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Figure 2-74 Inadequate latch is characterized by a partially closed mouth with the angle between the baby’s lips less than 90 degrees, often with the lips near the base of the mother’s nipple.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)
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Figure 2-75 A and B, Cracked, abraded, bruised nipples and areola. These result from improper latch and positioning. An experienced clinician should assess the mother’s technique for holding and latching the baby.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)















Holding Positions and Latch


Optimally, all babies should be placed skin-to-skin on the mother’s chest during the first hour of life, when they are wide awake from the adrenaline surge that occurs at the time of delivery. Placing the baby on the mother’s chest facilitates early initiation of breast-feeding. Skin-to-skin care improves infant temperature regulation, decreases infant cortisol levels (an indicator of stress), is associated with longer duration of breast-feeding, and supports mother-infant attachment. The four main breast-feeding positions for the newborn are the football (Fig. 2-76, A and B), cross-cradle (Fig. 2-77), classic cradle (Fig. 2-78), and side-lying (Fig. 2-79) positions. Each nursing mother should find the positions that are comfortable for her. Pillows and foot rests can be used to increase comfort. Pillows can be used to raise the baby to the level of the mother’s breast for optimal support. In all the positions, it is helpful to support the baby so that he or she feels secure, without a sense of falling. The angle between the baby’s neck and chin should be about 90 degrees. The midline of the chin should be aligned with the center of the chest, thus placing the baby’s head, neck, and anterior chest in alignment for ease in swallowing.
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Figure 2-76 A and B, Football position. This position is especially good for women with large breasts, women who have had a cesarean section, and new mothers because it allows good visualization of the latch and good head control. It is also the position of choice for twins.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)
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Figure 2-77 Cross-cradle position. This is an excellent position to use with the young infant because it allows good visualization of the latch and provides firm head control of the neonate. The mother’s hand is under the baby’s neck. The baby’s chin but not the nose is in the mother’s breast. More of the areola is covered by the lower lip than by the upper lip, which is characteristic of a normal, asymmetrical latch.


(Courtesy J. Newman, MD, FRCPC, Hospital for Sick Children, Toronto.)
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Figure 2-78 Cradle position. The cradle position is easier to use when the baby has developed a modicum of head control but can also be used in the newborn if the mother finds it comfortable. The infant’s nose, chin, and chest are aligned, and the mother and baby are belly-to-belly.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)
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Figure 2-79 Side-lying position. This is suitable for mothers who have had a cesarean section, are tired, have a sore perineum, or have a sleepy baby and for nighttime feeding. The mother and baby are belly to belly, and the baby is held on the side by the mother’s hand. A receiving blanket can be rolled up and placed behind the infant’s back to hold the baby in the position if the mother prefers.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)





To initiate the latch, the mother can touch her nipple to the baby’s upper lip. This stimulates the baby to open the mouth and lower and extend the tongue. When the baby opens widely, the mother should place the baby’s open mouth past the nipple and as far back onto the areola as possible with the nipple aimed toward the hard palate. The baby’s chin and lower lip should make first contact with the breast. Many women have to hold their breast as the baby initially latches. Either the C hold, with the thumb on top of the breast and the other four fingers below, or the scissor hold, with the thumb and index finger on top of the breast and the other three fingers below, can be used. With either hold, the fingers should be off the areola so that they do not interfere with the latch. After the baby is well latched, some women may be able to release the hold on the breast. For women with large breasts, a rolled washcloth can be placed under the breast for support so that the breast doesn’t have to be held for the entire feeding.


In all feeding positions, it is essential that the mother be comfortable. This means she should have adequate back, arm/shoulder, and hand support. To minimize the need for a mother to hold her breast throughout the feeding, it is ideal to align the baby’s mouth where the breast lays naturally. Line up the tip of the baby’s nose with where the mother’s nipple lays naturally. When the baby opens the mouth wide, the nipple should slip just under the baby’s upper lip. This achieves the asymmetrical latch, which is often more comfortable for women. An asymmetrical latch is one in which the nipple is not in the middle of the baby’s mouth but rather is placed just under the infant’s upper lip. In this position, more of the mother’s areola is visible above the infant’s upper lip than below the infant’s lower lip (Fig. 2-80).
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Figure 2-80 Asymmetrical latch. The positioning of the baby’s upper lip just above the mother’s nipple provides a comfortable latch for many women who experience discomfort with nursing.








Football Hold (see Fig. 2-76, A and B)


The football hold is especially good for women with large breasts and women who have had a cesarean section and cannot tolerate abdominal pressure. Because it allows good visualization of the latch and good head control, it is also an excellent position for premature infants and for new mothers. The mother holds the baby in the same arm as the breast she intends to feed from. The heel of the mother’s hand should rest approximately between the baby’s scapulae, and her thumb and index finger should be placed on the baby’s mastoid processes. The baby’s back should rest on the mother’s forearm or on a support such as a pillow placed at the level of the breast. The baby’s head should be tipped back just slightly. The mother takes her opposite hand and grasps the breast behind the areola. A pillow can be placed under the mother’s arm for her support. Depending on the size of the mother’s breasts and the length of her arms, the baby may be facing the ceiling or be turned on the side with the baby’s abdomen in contact with the mother’s ribs. Women with large breasts should place the infant along the side of the breast to avoid the weight of the breast being placed on the infant’s chest. The baby’s nose, chin, and midchest should be aligned and the neck slightly extended.









Cross-Cradle (see Fig. 2-77)


The cross-cradle is an excellent position because it allows good visualization of the latch and provides firm head control for the neonate. When the baby is several weeks old and has developed a good latch and improved head control, many women transition to the classic cradle hold. In the cross-cradle position, the baby is held by the mother in the arm opposite to the breast she intends the baby to feed from. The baby is turned belly to belly with the mother so that the umbilicus and knees are touching the mother’s abdomen. The baby’s nose, chin, and midchest are aligned, and the neck is slightly extended. The heel of the mother’s hand should rest approximately between the baby’s scapulae, and her thumb and index finger should be placed on the baby’s mastoid processes. The mother’s forearm should rest along the baby’s spine, and the baby’s bottom should be firmly tucked under the mother’s elbow and upper arm, with the baby’s head tipped back slightly. When the baby is well latched, the mother may be able to release her hold of the breast and use her arm for additional support of the baby.









Classic Cradle (see Fig. 2-78)


The classic cradle position is easier to use when the baby has developed a modicum of head control, but it can also be used with a newborn if the woman finds it comfortable. The classic cradle has the baby’s head in the bend of the mother’s arm on the same side as the breast she is offering. The baby’s umbilicus and knees should be facing the mother’s abdomen. The mother can use her other hand to hold her breast behind the areola to guide it to the baby’s mouth.









Side-lying Position (see Fig. 2-79)


The side-lying position is good for mothers who have had a cesarean section, have a sore perineum, or are tired; and at nighttime after breast-feeding is well established. It may be helpful to place a pillow behind the mother’s low back for support and between her legs if desired for comfort. A rolled receiving blanket can be placed behind the infant to keep the baby in a side-lying position. The mother may initially need assistance in getting her baby latched in this position if she has limited agility after delivery, and because she may not be able to completely visualize the latch. The baby should be turned so that the infant’s abdomen is touching the mother’s abdomen.












Breast Problems






Engorgement


Engorgement is painful breast fullness caused by vascular congestion, edema, or milk accumulation in the breast tissue. It may be mild to severe and most commonly occurs 2 to 7 days after delivery. Engorgement can be prevented in many cases by encouraging frequent feedings (10 to 12 per day) and proper latch. Despite these preventive efforts, engorgement still occurs and physicians must recognize the signs and symptoms promptly. The signs are firm, sometimes lumpy, tender breasts with increased vascular markings in the face of a maternal sense of fullness to the point of discomfort. If not relieved, engorgement can make it difficult for the baby to latch, may result in decreased milk production, and can contribute to the development of mastitis. Treatment involves frequent emptying of the breasts and symptomatic care. Infants should be nursed frequently, or milk should be expressed manually or with a pump. Warm compresses to soften the breast tissue and manual expression of milk before putting the baby to the breast may make it easier for the baby to latch properly. Cool compresses after feedings may help to decrease vascular congestion.









Sore, Bruised, or Cracked Nipples (see Fig. 2-75, A and B)


Sore, bruised, or cracked nipples can occur when a baby is not latched properly. The pain caused by these conditions is the reason why many mothers become discouraged and stop breast-feeding. Improper latch, usually too close to the nipple, is the leading cause of sore nipples. Mothers should not be told to grin and bear the pain. They should be promptly referred to an experienced clinician to assess the latch and positioning. Milk pores at the end of the nipple can become plugged (Fig. 2-81), causing acute pain with breast-feeding. This should be treated by unroofing the pore with a needle held horizontal to the tip of the nipple. Pain relief is instant when milk is released from the duct.
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Figure 2-81 Plugged milk pores. Plugged milk pores at the end of the nipple cause acute pain with breast-feeding. This should be treated by unroofing the pore with a needle held horizontal to the tip of the nipple. Pain relief is instant when milk is released from the duct.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)












Yeast Infections (see Fig. 2-82)


Yeast infections of the mother’s breast and baby’s oropharynx or diaper area are common after the first week or two of life. The signs of thrush in the baby include white plaques on the gingiva and tongue that do not wipe off and are present before and after feeding (Fig. 2-83). Babies may pull on and off the breast when they have thrush, likely due to mouth soreness. Mothers may experience a variety of symptoms from yeast infection of the breast including sharp, stabbing, or burning pain during and after feeding, as well as red, cracked, and sore nipples. If a breast-fed baby has thrush, both mother and baby should be treated even if the mother is asymptomatic at the time of the visit. A number of treatment options exist. The first line of treatment is usually to treat the mother with a topical antifungal agent applied to the nipple and areola after each feeding, and the baby with 1 mL of oral nystatin solution (100,000 IU/mL) four times a day. Treatment should be continued for several days after both are without obvious lesions. The second option is to treat both mother and baby with 0.5% to 1% topical gentian violet once daily for no more than 3 days. Prolonged use can result in mouth ulcers. Combined therapy can be used. For example, the gentian violet may be applied once in the office; treatment at home is continued with antifungal agents. Last, both mother and infant can be treated with oral fluconazole for 10 to 14 days if they are not responding to the other treatments or in the case of recurrent infections. As with all cases of thrush, all artificial nipples should be properly cleaned every day.
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Figure 2-82 Candida infection. Fungal infection of the breast to this degree is uncommon, but more subtle presentations are common. Women with candidal infection of the breast complain of burning or stabbing pain during or after breast-feeding. Most often the mother’s breast appears normal or slightly red, but the breast-feeding baby has oral or diaper candidiasis. In this case both mother and baby should be treated.


(Courtesy J. Newman, MD, FRCPC, Hospital for Sick Children, Toronto.)
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Figure 2-83 Thrush. Yeast infection of the infant’s mouth can cause the infant to feed poorly, and may also transfer to the mother’s breast. It is imperative that breast-feeding infants identified with yeast infection be treated immediately along with the mother.











Impetigo (see Fig. 2-84, A and B)


Impetigo can also occur on the breast. It should be treated with an oral antibiotic (e.g., cephalexin or appropriate coverage for methicillin-resistant Staphylococcus aureus [MRSA], depending on skin isolates in the health care provider’s area) if widespread or with a topical antibiotic (e.g., mupirocin) if fairly localized.
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Figure 2-84 Impetigo of the breast before treatment (A) and after treatment (B) with an oral antibiotic. The mother experienced pain with and without nursing.


(Courtesy Nancy G. Powers, MD, Medical Director of Lactation Services, Wesley Medical Center, Wichita, Kan.)












Mastitis (see Fig. 2-85)


Mastitis is a bacterial infection of the breast. It can result from blocked ducts or from ascending infection due to cracked nipples. Mastitis presents as acute onset of fever, chills, and extreme breast tenderness over an area of induration and firmness, usually on one breast. This is not a reason to cease breast-feeding. In fact, the treatment includes frequent emptying of the breast, oral antibiotics to cover penicillin-resistant staphylococcal and streptococcal species (e.g., first-generation cephalosporin or dicloxacillin), analgesics, rest, and adequate fluid intake. However, mastitis can progress to breast abscess (Fig. 2-86), which requires incision and drainage and antibiotics. This can often be done on an outpatient basis with close follow-up. In the case of an abscess, milk should be expressed and discarded from the affected side until no longer draining and the baby fed only from the unaffected side. Many women report a decrease in milk supply on the side impacted by mastitis or abscess.
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Figure 2-85 Mastitis, an infection of the breast, often presents as acute onset of fever, chills, and extreme breast tenderness over an area of induration and firmness. This is not a reason to cease breast-feeding. In fact, the treatment includes frequent emptying of the breast and oral antibiotics to cover both staphylococcal and streptococcal species.


(Courtesy J. Newman, MD, FRCPC, Hospital for Sick Children, Toronto.)
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Figure 2-86 Breast abscess is a localized breast infection that requires incision and drainage and treatment with an antibiotic to cover staphylococcal and streptococcal infection. It can occur as a complication of inadequately treated mastitis.


(Courtesy J. Newman, MD, FRCPC, Hospital for Sick Children, Toronto.)












Vasospasm: Blanching of the Nipple (see Fig. 2-87)


Some women experience pain just after breast-feeding. If they notice that the nipple turns white just after feeding, they may be experiencing vasospasm of the nipple. Women often describe it as a burning sensation. The causes may include temperature change, inadequate latch, yeast infection, or other causes of nipple trauma. The most important treatment is to address the underlying cause, such as a too-shallow latch. Even when the underlying cause is corrected, the vasospasm may take longer to resolve. A simple first approach is to apply a heating pad or warm compress after feedings. If the vasospasm persists after the underlying cause is treated, the mother should be referred to a breast-feeding expert. They may recommend vitamin B6 or nifedipine; these treatments, based on anecdotal experiences, have not been well studied.
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Figure 2-87 Blanching of the nipple just after feeding, due to vasospasm. Mothers describe the pain of vasospasm as burning that begins after the feeding is over, possibly lasting several minutes or more, after which the nipple returns to its normal color; the pain may then become throbbing.














Assessing Milk Transfer


Many women are concerned that their baby is not getting enough to eat, especially in the first few days when they have colostrum. It is essential to educate mothers about normal eating patterns and how to assess whether her infant is getting enough to eat without having to measure it. In the first 1 to 2 days of life, a mother usually produces only about 30 mL of colostrum. Despite the small volume, that is all a newborn needs. Colostrum is extremely high in protein. Parents should be instructed to monitor the following indicators of adequate intake: elimination patterns, weight changes, breast changes, and frequency and duration of feedings.






Elimination


Infants should have increasing numbers of voids and stools with each day. By day 3 of life, babies should have at least four or five voids and transitional stools a few times per day. By day 4 to 5, babies should have more than five voids per day and transitional to yellow stools at least four or five times per day. By day 6 of life, babies should have at least six to eight voids per day and at least four loose to watery yellow stools per day.









Weight Changes


Infants usually lose weight for 2 to 3 days after birth, plateau for a day, and then begin to regain. Infants who are successfully breast-feeding should return to birth weight by no later than 10 days of age. Infants who are still losing weight after 4 days should be assessed by someone with expertise in lactation. Babies should not lose more than 8% from birth weight in the first 3 to 4 days of life. Excessive weight loss is the sign of a breast-feeding problem.









Breast Changes


When a mother senses that her breasts are fuller, heavier, and warmer, this is a sign that the volume of milk she is producing is increasing. This occurs as early as 36 hours in women with previous breast-feeding experience and as late as days 5 to 7 for primiparous women and women with complications or prolonged labor. After a woman notices this change in her breasts, babies should no longer lose weight and should begin to gain at least 20 to 30 g/day. A mother should notice that her breast feels full and heavy before the baby nurses and softer after the baby is finished.









Frequency and Duration of Feedings


For the first 24 to 48 hours after birth, a baby’s nursing frequency is highly variable. After that, most babies nurse 10 to 12 times per day (Table 2-3). The baby should be satisfied after the feeding and be content and often asleep. If the baby is not meeting these assessment goals, the mother should seek professional assistance with breast-feeding. According to the American Academy of Pediatrics, all breast-feeding infants should be assessed within 48 to 72 hours of hospital discharge.




Table 2-3 Assessing Milk Transfer


[image: image]




Ankyloglossia (tongue-tie) has been recognized since ancient times as a potential problem with breast-feeding. Tongue-tie is a condition in which the lingual frenulum limits the range of motion of the tongue (Fig. 2-88). Normal range of motion of the tongue is demonstrated if the tongue can be extended outside the mouth and to the roof of the mouth without forming a cleft and the lips can easily be licked by the tip of the tongue. Tongue movement forward and up toward the roof of the mouth is essential for successful transfer of milk in breast-feeding. Infants with limited anterior or superior movement of the tongue can have an ineffective latch and cause maternal pain during feedings. In general, tongue-ties are categorized into four types based on the location of the attachment of the frenulum to the underside of the tongue and the floor of the mouth (Table 2-4).
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Figure 2-88 Ankyloglossia (tongue-tie). In this case the lingual frenulum is attached too near the tip of the tongue. Infants with tongue-tie have limited anterior or superior movement of the tongue, leading to an ineffective latch and causing maternal pain during breast-feeding.






Table 2-4 Categorization of Types of Ankyloglossia (Tongue-Tie)
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One method used to assess the impact of the frenulum is the Hazelbaker Assessment Tool. Hazelbaker scores consistent with significant ankyloglossia correlate with difficulty in latching for the infant and maternal complaints of sore nipples (Table 2-5).


Table 2-5 Hazelbaker Assessment Tool for Lingual Frenulum Function: 1998 Version






	Appearance Items

	Function Items






	Appearance of tongue when lifted
 2: Round or square
 1: Slight cleft in tip apparent
 0: Heart-shaped
Elasticity of frenulum
 2: Very elastic (excellent)
 1: Moderately elastic
 0: Little or no elasticity
Length of lingual frenulum when tongue lifted
 2: More than 1 cm or embedded in tongue
 1: 1 cm
 0: Less than 1 cm
Attachment of lingual frenulum to tongue
 2: Posterior to tip
 1: At tip
 0: Notched tip
Attachment of lingual frenulum to inferior alveolar ridge
 2: Attached to floor of mouth or well below ridge
 1: Attached just below ridge
 0: Attached at ridge

	Lateralization






	2: Complete






	1: Body of tongue but not tongue tip






	0: None






	Lift of tongue






	2: Tip to midmouth






	1: Only edges to midmouth






	0: Tip stays at alveolar ridge or rises to mid-mouth only with jaw closure






	Extension of tongue






	2: Tip over lower lip






	1: Tip over lower gum only






	0: Neither of above, or anterior or mid-tongue humps






	Spread of anterior tongue






	2: Complete






	1: Moderate or partial






	0: Little or none






	Cupping






	2: Entire edge, firm cup






	1: Side edges only, moderate cup






	0: Poor or no cup






	Peristalsis






	 

	2: Complete, anterior to posterior (originates at the tip)






	 

	1: Partial: originating posterior to tip






	 

	0: None or reverse peristalsis






	 

	Snapback






	 

	2: None






	 

	1: Periodic






	 

	0: Frequent or with each suck







Note: 14 = perfect score (regardless of Appearance Item score); 11 = acceptable if Appearance Item score is 10; <11 = function impaired. Frenotomy should be considered if management fails. Frenotomy is necessary if Appearance Item score is less than 8.


From Amir LH, James JP, Donath SM: Reliability of the Hazelbaker Assessment Tool for lingual frenulum function, Int Breastfeed J 1:3, 2006.Copyright © Alison K. Hazelbaker, MA, IBCLC, July 1, 1998; copyright © 2006 Amir et al; licensee BioMed Central Ltd.












Premature Infants


Among the many benefits to providing human breast milk to premature infants are decreased risk of perinatal infections and necrotizing enterocolitis, shorter hospital stays, and improved developmental outcomes. Mothers of premature or ill infants should be counseled about the benefits of human breast milk for the health of their infants so that they can make an informed decision. Women who chose to breast-feed their preterm or ill infants in the NICU require support and education. It is important to create a breast-feeding supportive environment in the NICU. This includes allowing flexible visiting hours to encourage breast-feeding, as well as knowledgeable and supportive staff.


Women who choose to provide expressed milk while waiting to breast-feed their infant should be shown how to hand express colostrum or be given access to a hospital-grade double-sided electric breast pump (Fig. 2-89) and instructed in how to use it within a few hours of delivery. Hand expression is ideal for the first 1 to 2 days, while only small volumes of colostrum (early milk) are available at each feeding. Hand expression videos are available on the Internet (http://newborns.stanford.edu/Breastfeeding/HandExpression.html). In the first few days of pumping, only small amounts of yellow to white colostrum are expressed, as little as a teaspoon per pumping. This is normal. On occasion, the early milk looks rusty or bloody, dubbed the “rusty pipe syndrome” (Fig. 2-90); this is also normal and can be used without concern. However, if the rusty milk continues for more than 1 week, the mother should be referred for further evaluation.
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Figure 2-89 Double pumping of the breasts. This is the most efficient and effective way for women to maintain a milk supply when they are unable to breast-feed directly. The pump should initially be set at the minimal setting and gradually increased to a level of comfort for the mother.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)
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Figure 2-90 Rusty pipe syndrome. Rusty or brown, bloody-appearing early milk. This uncommon finding usually occurs in primiparous women early in lactogenesis. They experience painless breast-feeding, and the nipples are not cracked and bleeding. The etiology is uncertain, but the condition may be caused by internal bleeding due to edema and engorgement. This milk is safe and can be used without concern.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, NY.)





Mothers should be instructed to express their milk at least every 2 to 3 hours during the day and at least once during the night. The volume of milk expressed should increase 3 to 5 days after delivery. Stresses can definitely delay and decrease milk production, a common problem for mothers with a baby in the neonatal intensive care unit (NICU). Women should be encouraged to keep pumping. Pumped milk should be frozen in small volumes and thawed as needed. The milk should have the date on the label so that the first bottles into the freezer are the first to be used to avoid spoilage and because the milk composition changes over time. Before babies are put to the breast, they can be placed in kangaroo care (i.e., placed on the mother’s chest in skin-to-skin contact) to encourage bonding and to begin movement toward breast-feeding.


A baby who is ready to bottle-feed is also ready to breast-feed. Premature babies fed at the breast have on average a lower heart rate, lower respiratory rate, and higher pulse oximetry measurement compared with bottle-fed infants. Babies are usually ready to breast-feed when they are physically stable, display a rhythmic suck–swallow–breath pattern (usually at about 34 weeks), and demonstrate feeding reflexes (rooting, sucking, gagging, and coughing).


A natural progression toward breast-feeding is to start with skin-to-skin contact (kangaroo mother care). When the baby is displaying the rooting reflex, have the mother empty her breasts and then allow the baby to nuzzle and latch onto a breast. When the baby is ready to take milk from the breast, have the mother pump milk until her let-down milk flow slows, and then offer the baby her breast. The first few times a mother offers her baby the breast, she should be observed and supported. If there is concern that the baby is not getting enough milk at the breast or that the infant requires fortified breast milk or formula, there are several options. First, the baby should be weighed on a gram scale (at least twice to ensure accuracy) before the feeding, wearing a clean diaper and the clothes to be worn during the feeding. The baby is then fed and reweighed two more times without a change of diaper or clothes after feeding. The difference between the average postfeed weight and the prefeed weight is the amount (in grams) of breast milk consumed; from this the volume may be calculated. If the baby has not taken “enough,” the baby can then be fed by an alternative feeding method to supplement, such as by cup feeding (Fig. 2-91), finger feeding (Fig. 2-92), or gavage. Second, a supplemental nursing system (SNS) (Fig. 2-93, A and B) filled with expressed breast milk, fortified breast milk, or appropriate formula can be attached to the breast so that the baby receives both breast milk and the supplement. The tip of the tubing must be placed about one quarter inch past the end of the mother’s nipple so that it remains in the back of the oropharynx as the nipple is lengthened in the infant’s mouth. The reasons to progress directly to the breast from gavage feeding are multiple. Bottle-feeding and breast-feeding require the use of different oral muscles and sucking mechanics. Premature babies may get used to bottle-feeding and may not breast-feed well as a result. Therefore it is ideal to feed infants by alternative feeding methods when a mother is not available to breast-feed.





[image: image]

Figure 2-91 Cup feeding is an alternative feeding method for infants. A small medicine cup or one designed specifically for this purpose can be used. The cup is placed at the margin of the infant’s lower lip and tipped gently toward the mouth. The infant should extrude the tongue and assist feeding by lapping the milk as small amounts are poured between the lower lip and gum. Cup feeding is widely used in underdeveloped countries when mothers are unable to feed their infants from the breast.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)
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Figure 2-92 Finger feeding is an alternative method for feeding infants. The largest finger that is convenient for the feeder should be used. The finger used should be held flat and placed far back in the infant’s mouth so that the infant’s tongue is forward and curved around the sides of the finger. A 5-French, 36-inch feeding tube is convenient because the thin caliber provides a slow flow rate and the length allows some flexibility with positioning. Among the available alternative feeding methods, finger feeding has the added benefit of training the infant with a weak or immature suck to suck in a similar fashion as during breast-feeding. The one drawback to finger feeding is that it is relatively slow.


(Courtesy J. Newman, MD, FRCPC, Hospital for Sick Children, Toronto.)








[image: image]

Figure 2-93 A and B, Supplemental nursing system (SNS). An SNS allows a baby to receive additional nutrients while still breast-feeding and thus provides stimulation to the breast. It does not interfere with breast-feeding technique and latch. The tip of the SNS tubing should protrude past the end of the nipple by about one quarter of an inch.


(Courtesy Susan Costanza, RN, IBCLC, Rochester General Hospital, Rochester, NY.)





Finger feeding is inexpensive and mimics breast-feeding well but is also time consuming. Finger feeding may be accomplished with a 5-French, 36-inch feeding tube. One end of the feeding tube is placed into a bottle of breast milk or supplement, and the other end is placed in a clean (gloved if not the parent) hand with the tip about one quarter of an inch past the end of the index finger. As the baby draws the finger into the back of the mouth and begins to suck, the milk is drawn up into the feeding tube. Finger feeding also helps prepare the baby to suck properly at the breast with a rounded tongue, and milk is provided deep into the baby’s mouth.


Cup feeding is another alternative feeding method. The milk can be dispensed from a small medicine cup. The cup is placed near the baby’s lower lip so that the milk can be lapped up. It can also be slowly poured between the lower lip and gums. A variety of cups are made specifically to cup-feed infants, such as the Foley cup and Haberman feeder. This method of feeding is more time efficient than finger feeding and usually is used when the mother is not available to feed the baby herself.


Most infants can transition to full feeds at the breast exclusively by 36 to 40 weeks. However, the transition to full breast-feeding should begin as soon as possible. Now that infants are discharged well before term, pediatricians, family practitioners, and lactation consultants in the outpatient setting often provide this education and support. Advice should be individualized to each mother–baby dyad. A general approach is to have the mother dual-pump with a high-grade electric pump every time she offers the baby milk other than at the breast, including if she is using an SNS to provide the supplement. At first the mother may need to pump after every feeding, especially if the baby has not yet reached term, has a weak suck, or is a sleepy baby. This will help to match her milk supply and her baby’s increasing needs. Every few days, she can increase the number of feedings at the breast without supplement. The baby’s stool and urine output should be monitored to ensure adequate intake, and the baby’s weight should be monitored to ensure adequate growth during the transition.









Late Preterm Infants (35 to 37 Weeks)


Late preterm infants are often treated as term infants, but they are at high risk for breast-feeding problems. They may look as though they are feeding well, but they have weaker and less sustained suck patterns than term infants. They are at increased risk for excessive weight loss, hyperbilirubinemia, and rehospitalization. It is essential that health care providers remain vigilant and monitor late preterm infants closely. Mothers of late preterm infants should be instructed to wake infants at least 10 times each 24 hours to feed, and to monitor output and weight loss and jaundice. If the baby does not feed effectively, mothers should be instructed to express their milk and feed it to the infant in order to maintain her milk supply until the baby is able to obtain all milk from the breast directly.


Significant and long-lasting health benefits are associated with breast-feeding both for the individual mother–baby dyad and society. Breast-feeding is the ideal way to feed babies; however, it is not always easy. Mothers must receive adequate support in order to breast-feed successfully. This support and education are most certainly within the role of the pediatric health care provider. Excellent references including textbooks, journals, websites, books, printed materials, and videos are devoted to breast-feeding for those interested in more in-depth information.











Resources





 Academy of Breastfeeding Medicine. Breastfeeding protocols for health professionals. Available from http://www.bfmed.org/Resources/Protocols.aspx


 Drugs and Lactation Database (LactMed). Website for information about medications and breast-feeding. Available from http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?LACT


 Wellstart International. Breastfeeding curriculum [free]. Available from http://www.wellstart.org
















3 Developmental–Behavioral Pediatrics
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Pediatricians need to be able to distinguish normal development and individual differences from delayed or atypical patterns of development and behavior. Once developmental or behavioral delays have been identified, the pediatrician conducts a diagnostic workup, initiates management, refers to appropriate services, counsels families, and coordinates care. The goal of this chapter is to review the developmental–behavioral issues faced in routine pediatric practice. In the first half, the fundamental principles of development are applied to each major domain of functioning. Within each domain, discussion centers on the major developmental milestones, methods of assessment, signs of developmental variation, and approaches to children who show developmental delays or deviant patterns. In the second half, several developmental disorders are described including definitions, diagnostic criteria, and the role of physical examination in evaluation, physical findings, and prognosis.






Principles of Normal Development


Development is commonly discussed in terms of domains of function. Gross motor skills refer to the use of the large muscles of the body; fine motor skills refer to the use of small muscles of the hands; cognition means the use of higher mental processes including thinking, memory, and learning; language refers to the comprehension and production of meaningful symbolic communication; and social and emotional functioning refers to emotional reactions to events and interactions with others. Within each domain, skills are acquired in a predictable sequence, although there is wide variation in the age of acquisition of specific milestones. Domains of development are interdependent. Cognitive abilities in infancy cannot readily be distinguished from sensorimotor functioning. Similarly, mature social functioning depends on competent language abilities. Early reflex patterns and congenital sensory and motor capabilities are the building blocks of higher-order skills.


In general, the development of a child is considered to occur in cephalocaudal and centrifugal directions, that is, from head to toe (the child holds his or her head up before being able to sit or stand up) and from proximal to distal (the child has rudimentary whole-hand grasp before developing a fine pincer grasp). Also, the development of a child is considered to occur according to the general principle of dependence to independence (from no mobility to rolling, sitting, creeping, crawling, cruising, and walking) and in response of to stimuli (from generalized reflexes to discrete voluntary actions).


To watch some video examples of normal child development (6, 9, 12, and 18 mo of age) from “Digital Visual Diagnosis in Pediatrics: Assessing Infant Development,” log on to the online edition of the Atlas of Pediatric Physical Diagnosis, 6th edition, Chapter 3: Developmental–Behavioral Pediatrics. This educational tool consists of both a teaching module and a practice review module.









Developmental Assessment






Developmental Surveillance


A central component of health maintenance is the prompt identification of developmental problems and the promotion of development. Developmental surveillance refers to the longitudinal, continuous process by which physicians and other professionals use all available clinical tools to determine a child’s developmental status, to evaluate his or her developmental progress over time, and to identify children who may be at risk for disorders. Surveillance requires that physicians elicit and appropriately attend to parental concerns at each visit, review teacher and day-care provider concerns, obtain a developmental history, make observations of current development and behavior, perform a physical examination, review screening tests, and use other assessment techniques. Frequent routine assessments promote a longitudinal view of the child and allow parental concerns to be addressed in a timely manner. A formal developmental assessment can be arranged if there are severe or persistent concerns. Parental concerns must be addressed at each visit; parents are accurate reporters of current developmental status and their concerns are sensitive indicators of delays or atypical patterns of development.









Developmental Screening


The physician’s ability to identify children with developmental delays and disorders is improved by the appropriate use of validated screening tools (Table 3-1). The tools have been designed to be used with unselected groups of children, ideally as part of routine developmental surveillance at a few selected health maintenance visits, such as the 9-, 18-, 24-, and 36-month visits. The use of these screening tests is not appropriate in populations at risk; such patients require comprehensive assessment. The sensitivity and specificity of these instruments range from 0.70 to 0.90. The clinician’s judgment is required in interpretation of test results, particularly of measures that rely on parental report. Children who are developing normally may fail a screening test because of shyness, unfamiliarity with the examiner or the materials, or other factors unrelated to developmental competence. In most cases, a positive screen should be followed by a comprehensive assessment of development and should not be ignored. Screening tests can be used to confirm parental concerns but are not appropriate for diagnosing the nature of the problem. If parental concerns persist despite negative findings, a full evaluation is advisable because of the limited sensitivity of the tests and the importance of attending to parental concerns. To ensure that the performance is representative of the child’s ability, screening tests should be performed when the child is physically well, is familiar with the setting and with the examiner, and under minimal stress. Examples of familiar settings include the child’s home for infants, toddlers, and younger children; the child’s preschool becomes another familiar setting for children 3 years of age and older.




Table 3-1 Validated Developmental Screening Tests
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Gross Motor Development






Early Reflex Patterns (“Primitive Reflexes”)


At birth, a neonate’s movements consist of alternating flexions and extensions that usually are symmetrical and vary in strength with the infant’s state of alertness. In addition, involuntary “primitive” reflexes can be elicited; they indicate that the patterns of movement requiring the integrated activity of multiple muscle groups are present even at birth. The intact newborn sucks and grasps reflexively; these are motor patterns that are programmed into the organism to enhance survival. The presence of primitive reflexes in the newborn and the disappearance (integration) of these reflexes in a predictable sequence as the infant matures are indications of typical motor development reflecting many developmental and neural factors, such as underlying myelination of higher cortical pathways that allow for voluntary control of movement. Persistence of primitive reflexes beyond the typical age suggests abnormal myelination of the higher inhibitory pathways as seen in children with pre- or perinatal hypoxic–ischemic brain injury.


Perhaps the best known of these reflex patterns is the Moro response, or startle reflex. This reflex can occur spontaneously after a loud noise, but typically it is elicited during the course of physical examination by an abrupt extension of the infant’s neck. The response consists of symmetrical abduction and extension of the arms with extension of the trunk (Fig. 3-1) followed by adduction of the upper extremities, as in an embrace, and frequently is accompanied by crying (Fig. 3-2). The Moro reflex gradually disappears by 4 months of age, associated with the development of cortical functioning. In children up to 4 months of age, the Moro response can be used to evaluate the integrity of the central nervous system and to detect peripheral problems, such as congenital musculoskeletal abnormalities or neural plexus injuries; an asymmetrical response may indicate unilateral weakness.
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Figure 3-1 First phase of the Moro response. Symmetrical abduction and extension of the extremities follow a loud noise or an abrupt change in the infant’s head position.
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Figure 3-2 Second phase of the Moro response. Symmetrical adduction and flexion of the extremities, accompanied by crying.




Another early reflex pattern is called the asymmetrical tonic neck reflex (ATNR) (Fig. 3-3, A and B). A newborn’s limb motions are strongly influenced by head position. If the head is directed to one side, either by passive turning or by inducing the baby to follow an object to that side, tone in the extensor muscles increases on that side and in the flexor muscles on the opposite side. This response may not be seen immediately after birth, when the newborn has high flexor tone throughout the body, but it usually appears by 2 to 4 weeks of age. The ATNR allows the baby to sight along the arm to the hand and is considered one of the first steps in the coordination of vision and reaching. This reflex disappears by 4 to 6 months of age, to allow for the development of voluntary reaching.
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Figure 3-3 A and B, Asymmetrical tonic neck reflex (ATNR). Flexion of the arm and leg on the occipital side and extension on the chin side create the “fencer position.”




With the emergence of voluntary control from higher cortical centers, muscular flexion and extension become balanced. Primitive reflexes are replaced by reactions that allow children to maintain a stable posture, even if they are rapidly moved or jolted. A timetable listing the expected emergence and disappearance of primitive reflexes and the protective equilibrium responses is presented in Table 3-2.


Table 3-2 Primitive Reflexes and Protective Equilibrium Responses






	Reflex

	Appearance*


	Disappearance*







	Moro

	Birth

	4 mo






	Hand grasp

	Birth

	3 mo






	Crossed adductor

	Birth

	7 mo






	Toe grasp

	Birth

	8-15 mo






	ATNR

	2 wk

	6 mo






	Head righting

	4-6 mo

	Persists voluntarily






	Protective equilibrium

	4-6 mo

	Persists voluntarily






	Parachute

	8-9 mo

	Persists voluntarily







ATNR, asymmetrical tonic neck reflex.


* Different sources may vary on the precise timing of the appearance and disappearance of these primitive and equilibrium responses.









Antigravity Muscular Control


Muscle control develops in an organized fashion, from head to toe, or in a cephalocaudal progression—head control followed by reaching, followed by sitting, followed by standing—reflecting neuronal myelination in a typical sequence.






Head Control


The infant’s earliest control task is to maintain a stable posture against the influence of gravity. Neck flexors allow head control against gravity when a child is pulled from the supine to the sitting position. Neonates show minimal control of the neck flexors, holding their heads upright only briefly when supported in a sitting position. When an infant is pulled to a sitting position, the head lags behind the arms and shoulders (Fig. 3-4, A). By 4 months of age the child is able to support his head, and his head moves along with his shoulders when he is pulled to a sitting position (Fig. 3-4, B). At 5 to 6 months of age the infant anticipates the direction of movement of the pull-to-sit maneuver and flexes the neck before the shoulders begin to lift (Fig. 3-4, C).
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Figure 3-4 Development of head control on the pull-to-sit maneuver. A, At 1 month of age the head lags after the shoulders. B, By 4 months of age the child is able to support his head, and his head moves along with his shoulders. C, At 5 to 6 months the child anticipates the movement and raises the head before the shoulders.











Trunk Control and Sitting


In the prone position a newborn remains in a tightly flexed position and can simply turn the face from side to side along the bed sheets. Progressive control of the shoulders and upper trunk in the first few months of life, plus a decrease in flexor tone, enables the young infant to hold the chest off the bed with the weight supported on the forearms by about 4 months (Fig. 3-5). Evolution of trunk control down the thoracic spine can also be observed with the infant in a sitting position (Fig. 3-6). As control reaches the lumbar area, the lumbar lordotic curve can be seen when the child is standing (Fig. 3-7).
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Figure 3-5 Development of posture in the prone position. A, The newborn lies tightly flexed with the pelvis high and the knees under the abdomen. B, At 2 months of age, the infant extends the hips and pulls the shoulders up slightly. C, At 3 to 4 months, the infant keeps the pelvis flat and lifts the head and shoulders.
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Figure 3-6 Development of sitting posture. A, At 1 to 2 months of age the head is held up intermittently, but trunk control is lacking. B, At 2 to 3 months of age the infant raises the head and shoulders well but lacks control of the thoracolumbar area. C, At 3 to 4 months, support in the lumbar area is required to sit. D, At 5 to 6 months the infant holds the head erect and the spine straight.
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Figure 3-7 Standing. By 1 year of age, the lordotic curve, exaggerated here by a diaper, is evident.











Automatic Reactions: Equilibrium and Protective Reactions


Equilibrium and protective reactions are automatic, reflexive patterns that also emerge in a cephalocaudal sequence. Head righting refers to the infant’s ability to keep the head vertical despite a tilt of the body. A 4-month-old infant typically demonstrates this ability in vertical suspension when gently swayed from side to side. As control moves downward, protective equilibrium responses can be elicited in a sitting infant by abruptly but gently pushing the infant’s center of gravity past the midline in one of the horizontal planes. This is the lateral protective reaction, which involves increased trunk flexor tone toward the force and an outreached hand and limb away from the force; it usually emerges by 6 months of age, and is required for the development of stable, independent sitting (Fig. 3-8). At 10 months the child develops the forward protective or parachute reaction, an outstretching of both arms and legs when the body is abruptly moved head first in a downward direction (Fig. 3-9). The forward protective (parachute) reaction is a programmed reflex that protects the head if the child falls from standing or walking and is generally seen just before these motor skills develop.
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Figure 3-8 Protective equilibrium response. As the child is pushed laterally by the examiner, he flexes his trunk toward the force to regain his center of gravity while one arm extends to protect against falling (lateral propping).
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Figure 3-9 Parachute response. As the examiner allows the child to free fall in ventral suspension, the child’s extremities extend symmetrically to distribute his weight over a broader and more stable base on landing.














Development of Locomotion


Gross motor milestones can also be described in terms of locomotion (Table 3-3). Prone-to-supine (front to back) rolling may be accomplished by 3 to 4 months of age, after the child gains sufficient control of shoulder and upper trunk musculature to prop up on the arms. Supine-to-prone (back to front) rolling requires control of the lumbar spine and hip region, as well as the upper trunk; this is usually present by 5 to 6 months of age. Since the introduction of Back to Sleep (recommended supine sleeping to prevent sudden infant death syndrome), prone-to-supine rolling may appear later, at 5 to 6 months, because the child has had little experience in the prone position; it may actually occur later than supine-to-prone rolling, demonstrating the impact of experience on gross motor skills. Creeping (also called commando or army crawling), accomplished at 5 to 6 months of age (Fig. 3-10, A), involves coordinated pulling with upper arms and passive dragging of the legs, akin to a soldier trying to keep the body low to the ground. By 6 to 9 months of age, as voluntary control moves to the hips and legs, the child is capable of getting up on the hands and knees, assuming a quadruped position, and crawling (Fig. 3-10, B). The next developmental milestone is supported standing. By 9 to 10 months of age, many children like to demonstrate this new skill by holding on to a parent or by walking independently while holding on to furniture. This is called cruising (Fig. 3-10, C). Increased control to the feet and disappearance of the plantar grasp reflex allow the child to walk independently. Walking three steps alone occurs at a median age of about 12 months, with a range of 9 to 17 months of age (Fig. 3-10, D).


Table 3-3 Early Gross Motor Milestones in the Normal Child






	Task

	Age Range*







	Sits alone momentarily

	4-8 mo






	Rolls back to stomach

	4-10 mo






	Sits steadily

	5-9 mo






	Gets to sitting

	6-11 mo






	Pulls to standing

	6-12 mo






	Stands alone

	9-16 mo






	Walks three steps alone

	9-17 mo







* Wide ranges in the attainment of these gross motor milestones in healthy children are the rule rather than the exception.


From Bayley N: Bayley Scales of Infant Development, ed 2, San Antonio, Tex, 1993, Psychological Corporation/Harcourt Brace.





[image: image]

Figure 3-10 Development of locomotion. A, Creeping implies that the belly is still on the floor. B, Crawling refers to mobility with the child on the hands and knees (quadruped position). C, Cruising refers to standing with two-handed support on stationary objects before moving with steps. D, Early free walking.











Development of Complex Gross Motor Patterns


Further progress in gross motor skills continues throughout childhood. The developmental sequence beyond walking incorporates improved balance and coordination and progressive narrowing of the base of support. The sequence of milestones is as follows: running, jumping on two feet, balancing on one foot, hopping, and skipping. The child simultaneously learns to use muscle groups in timed sequences. By [image: image] months the child walks well, and by 36 months he or she can balance on one foot for 1 second. Most children can hop by age 4. They can throw a ball overhand by [image: image] months, but catching develops later, at almost 5 years.












Gross Motor Assessment During Health Maintenance Visits


Evaluation of gross motor skills can begin when the pediatrician enters the office for a well-child visit. The typical 2-month-old infant is cradled in the parent’s arms; the 4-month-old has enough strength to support her back when held inside her arms by her father’s hands but not enough strength to sit on her own (Fig. 3-11); the 6-month-old child is sitting with minimal support on the parent’s lap or on the examination table next to the parent; the 12-month-old is cruising or toddling through the room. Although there is a wide age range in the onset and duration of each stage, the 6-month-old infant who lacks head control on the pull-to-sit maneuver, who cannot clear the table surface with the chest by supporting weight on the arms when prone, who shows no head righting, or who has persistent primitive reflexes such as a complete Moro response or ATNR is at sufficient variance from peers to warrant evaluation for a possible neuromuscular disorder. In addition, when gross motor delays are found in association with verbal and social delays, asymmetrical use of one limb or one side of the body, or loss of previously attained milestones, diagnostic evaluation is indicated.





[image: image]

Figure 3-11 A 4-month-old has enough strength to support her back when held under her arms by her father’s hands but not enough strength to sit on her own.




Evaluation of the older infant or toddler who has mastered walking can occur in the course of the physical and neurologic evaluation. Many children enjoy showing off their abilities to jump, balance on one foot, hop, and skip. Some pediatricians use gross motor testing to establish rapport at the outset of a physical examination. However, because an aroused preschooler may not cooperate with a sedentary evaluation of heart or ears, many pediatricians hold off on motor evaluation until the conclusion of the examination.


At the discovery of delayed or atypical development, the pediatrician’s first task is to develop a differential diagnosis and a plan to establish the specific diagnosis. Potential causes of delayed gross motor development are listed in Table 3-4. Another equally important task is to recommend a treatment program. Early intervention programs and/or physical therapy should be actively considered for children with motor difficulties during infancy through preschool. Adaptive physical education programs are available for older children with mild problems that do not seriously impair function.


Table 3-4 Potential Causes of Delayed Gross Motor Development






	Global Developmental Delay

	Motor Dysfunction

	Motor Intact but Otherwise Restricted






	Genetic syndromes and chromosomal abnormalities
Brain morphologic abnormalities
Endocrine deficiencies—hypothyroidism, prolonged hypoglycemia
Congenital infections
Neurodegenerative diseases
Idiopathic intellectual disability

	Central nervous system damage—kernicterus, birth injury, neonatal stroke, trauma, prolonged seizures, metabolic insult, infection

	Congenital malformations—bony or soft tissue defects
Diminished energy supply—chronic illness, severe malnutrition
Environmental deprivation—casted, non–weight bearing
Familial and genetic endowment—slower myelination
Sensory deficits—blindness
Temperamental effects—low activity level, slow to try new tasks
Trauma—child abuse






	Spinal cord dysfunction—Werdnig-Hoffmann disease, myelomeningocele, polio






	Peripheral nerve dysfunction—brachial plexus injury, heritable neuropathies






	Motor end-plate dysfunction—myasthenia gravis






	Muscular disorders—muscular dystrophies






	Other—benign congenital hypotonia














Fine Motor Development






Involuntary Grasp


At birth the neonate’s fingers and thumb are typically tightly fisted. A newborn grasps reliably and reflexively at any object placed in the palm (Fig. 3-12) and cannot release the grasp. Because of this reflex, the newborn’s range of upper extremity motion is functionally limited. Normal development leads to acquisition of a voluntary grasp.





[image: image]

Figure 3-12 Reflex hand grasp. A newborn reflexively grasps at a finger placed in the palm.











Voluntary Grasp


The reflexive palmar grasp gradually disappears at about 1 month of age. From that point, the infant gains control of fine motor skills in an orderly progression. In the second or third month of life, the infant initially brings both hands together for midline hand play (Fig. 3-13). Shortly after that, the baby begins to swipe at objects held in or near the midline (Fig. 3-14). It is through swiping that the infant increases the exploratory range and fine-tunes the small muscles of the wrist, hand, and fingers.





[image: image]

Figure 3-13 Midline hand play. A 2-month-old infant brings the hands together at the midline.







[image: image]

Figure 3-14 Reaching and swiping. A 3-month-old infant uses his entire upper extremity as a unit in interacting with the toy.




Improvements in fine motor control increase sensory input from the hands and permit greater hand manipulation through space. By 2 to 3 months of age, the hands are no longer tightly fisted, and the infant may begin sucking on a thumb or individual digit rather than the entire fist for self-comfort. A 3-month-old is usually able to hold an object in either hand if it is placed there, although the ability to grasp voluntarily or to release that object is limited. At approximately 4 to 5 months of age, infants begin to use their hands as entire units to draw objects toward them. Neither the hand nor the thumb functions independently at this point and, consequently, the child uses the hand like a rake.


Next, the child develops the ability to bend the fingers against the palm (palmar grasp), squeeze objects, and obtain them independently for closer inspection. Differentiation of the parts of the hand develops in association with differentiation of the two hands. Between 5 and 7 months of age, the infant can use hands independently to transfer objects across the midline. Further differentiation of the plane of movement of the thumb allows it to adduct as the fingers squeeze against the palm in a radial palmar or whole-hand grasp. With time, the thumb moves from adduction to opposition. The site of pressure of the thumb against the fingers moves away from the palm and toward the fingertips, in what is called an inferior pincer or radial digital grasp, seen around 9 months of age (Fig. 3-15). By 10 months of age, differentiated use of the fingers allows the child to explore the details of an object.





[image: image]

Figure 3-15 Development of prehension.


(Modified from Erhardt RP: Developmental hand dysfunction: theory, assessment, treatment, ed 2, San Antonio, Tex, The Psychological Corporation, 1994.





Between 9 and 12 months of age, the fine pincer grasp develops, allowing opposition of the tip of the thumb and the index finger (see Fig. 3-15). This milestone enables the precise prehension of tiny objects (Fig. 3-16). The infant uses this skill in tasks such as self-feeding and exploration of small objects. By 1 year, the infant can position the hand in space to achieve vertical or horizontal orientation before grasping or releasing an object.





[image: image]

Figure 3-16 Fine pincer grasp. A 12-month-old child lifts a pill.











Development of Complex Fine Motor Skills


Early in the second year of life the young child uses the grasp to master tools and to manipulate objects in new ways. Dropping and throwing, stacking, and putting objects in and out of receptacles become favorite pastimes. Mastery of the cup and spoon supplement or replace finger feeding as a more efficient and less messy means of eating (Fig. 3-17).





[image: image]

Figure 3-17 Independent feeding. A 15-month-old child employs fine motor skills to use a spoon independently.




Advancements in fine motor planning and control can be demonstrated through the child’s ability to stack small cubes. After children master stacking, they show consistent patterns of improvement in reproducing structures that they have watched the examiner assemble (Fig. 3-18). The child’s ability to copy a variety of drawings also improves during this period.





[image: image]

Figure 3-18 Development of fine motor skills.











Fine Motor Evaluation and Testing


Fine motor testing can be incorporated readily into a physical examination and may uncover problems with vision, neuromuscular control, or perception, in addition to difficulties with attention or cooperation. The 4-month-old child usually can be encouraged to grasp a small toy or tongue depressor. By 6 to 9 months of age, two tongue depressors should be offered, one for each hand, because the child can operate the hands independently. At 9 to 12 months the child spontaneously points with an isolated index finger or picks up small objects with a fine pincer grasp. Children younger than 18 months of age generally use both hands equally well. Therefore the child who develops consistent handedness with neglect of the other limb before that time should have a neurodevelopmental assessment. The child who has not developed use of the thumb and pincer grasp by 18 months of age deserves further evaluation, as does the child who is unable to copy vertical or horizontal lines by age 3 years or circles by age 4 years.


Fine motor activities can be engaging and nonthreatening to the preschool and school-age child; these activities allow the physician to make valuable observations and to establish rapport. The physician can routinely request that the child use the waiting time or the period of history-taking to draw a self-portrait. These drawings provide a wealth of information not only on the child’s capacities for fine motor control but also on cognitive development and social and emotional functioning. A quick method for analyzing the age level of a drawing is to count the number of features in the drawing. The child receives one point for each of the following features: two eyes, two ears, a nose, a mouth, hair, two arms, two legs, two hands, two feet, a neck, and a trunk. Each point converts to the value of [image: image] year added to a base age of 3 (Fig. 3-19). Screening tests and standardized measures, such as the Beery-Buktenica Developmental Test of Visual–Motor Integration, fifth edition, can also be used to assess fine motor skills.





[image: image]

Figure 3-19 Development of skill at drawing a person. A, This drawing by a 4-year-old child includes five features: eyes, nose, mouth, hair, and legs. To calculate an age equivalent, the child earns [image: image] year for each of the five features, added to a base age of 3 years. This drawing has an age equivalent of [image: image] years. B, A drawing by the same child at age 5 years. Note the inclusion of ears and arms, as well as improvements in proportion. This drawing has an age equivalent of [image: image] years.




Children with brain damage are at particular risk for problems with perceptual–fine motor integration, even in the absence of visual problems and with minimal involvement of the upper extremities (Fig. 3-20).





[image: image]

Figure 3-20 Difficulties with visual–fine motor integration skills in a child with cerebral palsy. A, Drawing by a bright 4-year-old who was born prematurely but showed no developmental delays. Note the inclusion of seven features: eyes, hair, mouth, arms, hands, legs, and feet. The age equivalent for this drawing is [image: image] years. B, Drawing by a 4-year-old child with spastic diplegia. Difficulties in organization appear related to visuomotor integration skills rather than to problems with fine motor skills.




Fine motor skills figure prominently in self-care activities. The child who lacks the dexterity to complete simple daily activities such as zipping, buttoning, or cutting with a knife may lack the self-esteem that accompanies independent self-care. Furthermore, children who continually depend on parents or teachers may be viewed by peers; teachers; or, perhaps most damagingly, by themselves as less mature. In the school-age child, inefficient fine motor skills can have a significant impact on the ability to write legibly or to compete with peers in timed tasks, even if the child has sound academic and conceptual skills. Occupational therapy and special education may enhance fine motor skills and emotional development in these children.












Cognitive Development






Early Sensory Processing


Innate sensory capabilities serve as the building blocks of cognitive development. Even at birth the healthy neonate responds to visual and auditory stimuli. These responses, like the primitive reflexes, take the form of integrated patterns of activity.


The visual acuity of the full-term infant is estimated to fall between 20/200 and 20/400 and improves rapidly over the first year of life. Even at birth, it is possible to get the full-term newborn to fix on faces 9 to 12 inches from the face and to track objects horizontally at least 30 degrees (Fig. 3-21). Some neonates, if assessed when calm and fully alert, can track objects 180 degrees across the visual field. Newborns also respond to sound, typically quieting in response to a human voice, rattles, or music. In the first days of life, many infants turn to the source of sound and search for it with their eyes. These maneuvers, found on the Brazelton Neonatal Behavioral Assessment Scale, are useful in demonstrating neurobehavioral characteristics of newborns.





[image: image]

Figure 3-21 Early social skills. A newborn within an hour of birth fixates on the face of the mother.




Examination must take place at optimal times, when the infant is alert; if the infant is drowsy or agitated, the ability to track visually or to search for sounds is compromised. If, when assessed under optimal circumstances and when fully alert, infants do not demonstrate horizontal tracking of objects, do not look at the toys or people with whom they are involved, or hold their heads in unusual positions, the physician should recommend prompt evaluation for abnormal visual perception or central nervous system development.









Development of Sensorimotor Intelligence


During the first 2 years of life, the sensorimotor period of development, the young child’s cognitive abilities can be surmised only through use of the senses and through the physical manipulation of objects. The nature of an infant’s thinking is assessed through concrete interaction with the environment. During this period, the child develops an understanding of the concept of object permanence, the ability to recognize that an object exists even when it cannot be seen, heard, or felt. Simultaneously, the child develops an understanding of cause-and-effect relationships. Progress in the child’s development of these concepts is an important prerequisite to the development of pure mental activity, reflected in the ability to use symbols and language.


Early progress in the development of object permanence is indicated by the infant’s continued though brief gaze at the site where a familiar toy or face has disappeared. At this point, children also repeat actions that they have discovered will produce interesting results. Between 4 and 8 months of age, infants become interested in changes in the position and appearance of toys. They can track an object visually through a vertical fall (Fig. 3-22) and search for a partially hidden toy. They also begin to vary the means of creating interesting effects. In these early months the baby’s play consists of exploring toys to gain information about their physical characteristics. Activities such as mouthing, shaking, and banging can provide sensory input about an object beyond its visual features. However, when mouthing of toys persists as the predominant mode of exploration after 12 to 18 months of age, assessment of cognitive function is warranted.





[image: image]

Figure 3-22 Early object permanence. A 6-month-old infant was able to track his toy through a vertical fall and to search for it on the floor even after his gaze had been interrupted.




At approximately 9 to 12 months of age, infants can locate objects that have been completely hidden (Fig. 3-23). Not surprisingly, peek-a-boo becomes a favorite pastime at this point. Later, the infant can crawl away from the mother and recall where to return to find her.





[image: image]

Figure 3-23 Object permanence. A and B, An 11-month-old child can locate a small, hidden object even if no part of it remains visible. In doing so, he is demonstrating his understanding that objects are permanent.




As children near 1 year of age, interest in toys extends beyond physical properties (e.g., color, texture). These children may begin to demonstrate their awareness that different objects have different purposes. For example, a child might touch a comb to the hair in a meaningful nonpretend action, typical of the 9- to 12-month age range. Beyond 1 year of age, children begin to vary their behavior to create novel effects. They no longer need to be shown how to work dials or knobs, nor do they need to hit something by accident to discover the interesting effect that will result.


By 18 months of age, children can deduce the location of an object even if they have not seen it hidden from view. They can maintain mental images of desired objects and develop plans for obtaining them. The child’s understanding of causality also advances; cause-and-effect relationships no longer need to be direct to be appreciated (Fig. 3-24). These developments herald the beginning of a new stage in cognitive development, that of symbolic thinking. They also indicate that distraction may not succeed in drawing a child away from a desired object; a direct request is required.





[image: image]

Figure 3-24 Mature means–end reasoning. A 15-month-old child turns the key of the music box atop the mobile to make it play. The child’s understanding has advanced beyond that of direct causality, such as pulling a toy to bring it closer.











Development of Symbolic Capabilities


In the second year of life the child demonstrates mental activity independent of sensory processing or motor manipulation. For example, the child observes a television superhero performing a rescue mission and hours later reenacts the scene with careful precision. Clearly, the child has a mental image of the event and uses it to generate the delayed imitation.


As children develop the capacity for pure mental activity, they use objects to represent other objects or ideas. Genuine pretending begins; the child engages in playful representation of commonplace activities, using objects for their actual purpose but accompanied by exaggerated sounds or gestures. Pretend actions are combined into a series of events. For example, the child may hold a phone to the ear and then to a doll’s ear or may feed a teddy bear and then put the bear to bed.


The next stage in development allows the child to plan pretend activities in anticipation of the play theme to come, combining many steps into the play. Preparing for play indicates an advance in pretending beyond that of improvising with the objects at hand. For example, the child might be seen preparing the play area or searching for needed objects and announcing what the objects are meant to represent.









Development of Logical Thinking


The preschool child has well-developed capabilities for mental representation and symbolic thinking. However, the dominance of sensory input, limited life experience, and a lack of formal education lead to a unique and charming logic during this period. Preschoolers often assume that all objects are alive like themselves. A car and a tricycle, for example, may be seen as alive, perhaps because they are capable of movement. Similarly, children claim that the moon follows them on an evening walk.


The logic of the preschooler is in large part influenced by the appearance of objects. Because an airplane appears to become smaller as it takes off, the preschooler may assume that all the people on the plane become smaller as well. Piaget demonstrated that preschoolers seem to think that number and quantity vary with appearance (Fig. 3-25). Under certain circumstances a 4-year-old child may show understanding that a quantity remains invariant unless something is added or subtracted. That same child, however, may insist that two rows of pennies are different in number simply because of a compelling visual difference between them.
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Figure 3-25 Experimental design to demonstrate preoperational logic. The 3- or 4-year-old child agrees that the two rows in A have the same number of pennies. After seeing the pennies moved into the configuration in B, the child claims that the top row has more because it is longer.




The immature logic of the preschooler is gradually replaced by conventional logic and wisdom. School-age children follow logic akin to adult reasoning, at least when the stimuli are concrete. Faced with the same question about the pennies, they readily acknowledge that the two rows have the same number regardless of their visual appearance (see Fig. 3-25). They also know that the airplane just looks smaller because it has moved farther from the viewer, and they giggle at the suggestion that the people on the plane have shrunk. Their logical limitations become obvious when they must reason about the hypothetical or the abstract.


Adolescents, particularly those with the benefits of formal education, tend to extend logical principles to increasingly diverse problems. They can generate multiple logical possibilities systematically when faced with scientific experiments, and they can also consider hypothetical problems. These principles of reasoning are applied not only to schoolwork but also to social situations.









Assessing Cognitive Development


The pediatric office assessment of cognitive ability in the preverbal child is best accomplished by observation of play. The pediatrician can induce the infant to look for a hidden toy or to play a game of peek-a-boo; the infant’s anticipation of reappearance indicates the development of the concept of object permanence. Similarly, the toddler’s ability to play with a toy telephone indicates the emergence of symbolic thought. Beyond the toddler stage the physician typically relies on conversation and language ability to assess levels of cognitive skill. Screening tests are particularly useful for determining whether cognitive and language skills are within the normal range. Children with language delays may need a formal nonverbal assessment of cognitive abilities by a psychologist.


For the parents, a delay in a child’s attainment of a well-known milestone may create tremendous fear about ultimate learning potential. In many cases, such parental concerns are put to rest at that time when the physician determines that the child’s learning to date is age-appropriate. If a child does show delays in cognitive development, the physician should generate a differential diagnosis (Table 3-5) from knowledge of the child’s level of functioning in multiple domains, history, and physical examination.


Table 3-5 Potentially Remediable Disorders Associated with Developmental Delay






	Findings Sometimes Present on History or Examination

	Possible Disorder






	Decreased vision or hearing

	Specific sensory deficits






	Staring spells, motor automatism

	Seizure disorders






	Lethargy, ataxia

	Overmedication with anticonvulsants






	Myxedema, delayed return on DTRs, thick skin and tongue, sparse hair, constipation, increased sleep, coarse voice, short stature, goiter

	Hypothyroidism






	Irritability, cold sweats, tremor, loss of consciousness

	Hypoglycemia






	Unexplained bruises in various stages, failure to thrive

	Child abuse and neglect






	Short stature, weight below third percentile

	Malnutrition or systemic illness producing failure to thrive






	Poor purposeful attending in multiple settings

	ADHD






	No specific findings

	Environmental deprivation






	Anemia

	Iron deficiency or lead exposure






	Absent venous pulsations or papilledema on funduscopic examination, morning vomiting, headaches, brisk DTRs in lower extremities

	Increased intracranial pressure






	Vomiting, irritability and seizures, failure to thrive

	Some inborn errors of metabolism (e.g., methylmalonic acidemia)






	Hepatomegaly, jaundice, hypotonia, susceptibility to infection, cataracts

	Galactosemia






	Fair hair, blue eyes, “mousy” odor to urine

	Phenylketonuria






	Ongoing evidence of active or progressive disease

	Chronic infection, inflammatory disease, malignancies







ADHD, attention-deficit/hyperactivity disorder; DTR, deep tendon reflex.


Parents should be given information about their child’s delay as early as possible. Pediatricians serve a critical role in referring children to early intervention or special education programs and in monitoring their progress. Active communication between the providers of early intervention and the physician assists a comprehensive and cohesive approach.


Physicians frequently need the consultation of colleagues in psychology and education to assess the cognitive abilities of their older preschool and school-age patients. A number of methods have been devised for formal assessment of mental achievement, and almost all parents are familiar with the terms intelligence quotient or IQ. Although not a means of comprehensively assessing all mental capabilities, normal IQ scores are (albeit imperfect) predictors of which children will have the attention, social skills, motivation, and intelligence to perform well in school. Low IQ scores may reflect a child’s poor ability to grasp new concepts, or they may indicate poor purposeful attending behaviors, as seen in depression or in attention-deficit/hyperactivity disorder (ADHD). Low scores may also reflect poor social adjustment or limitations in test-taking capabilities, such as sitting in a chair at a table and applying maximal effort to a task requested by an unfamiliar authority figure. Frequently, low scores result from a combination of difficulties in several areas.


If children with sensory or motor impairments are tested with instruments normalized on able-bodied children, they often obtain low scores. Different assessment techniques have been devised to circumvent specific disabilities while obtaining information about a child’s cognitive abilities; these are typically administered by psychologists, child development specialists, or special educators (Table 3-6).


Table 3-6 Tests Used in the Assessment of Cognitive Development






	Type of Scale

	Test(s) Used

	Age Range






	Standard intelligence scales

	Stanford-Binet Intelligence Scales-IV

	2-adult






	Wechsler Intelligence Scale for Children-IV

	6-16 yr






	Nonverbal intelligence scale

	Leiter International Performance Scale-R

	2-18 yr






	Infant development tests

	Bayley Scales of Infant Development-III

	0-[image: image] yr






	Gesell Developmental Schedules

	0-5 yr






	Developmental scale for the visually impaired

	Reynell-Zinkin Developmental Scales for Young Children with Visual Impairments

	0-5 yr






	Adaptive behavior

	Vineland Adaptive Behavior Scales-II

	0-18 yr






	Adaptive Behavior Assessment System-II

	0-21 yr







Assessment of a child’s abilities to learn must go beyond standardized IQ tests. For example, some children who can score in the normal range on IQ tests are unable to learn to read. A diversified and individualized assessment process should precede any educational recommendation. The pediatrician, in the role of advocate, should ensure that assessments include information about the child’s strengths and weaknesses because educational planning should involve attention to all aspects of the child’s abilities. Moreover, the pediatrician can encourage families to maintain an active, decision-making role in their children’s education.












Language Development






Early Skills in Speech Perception and Production


The use of language is the ability to generate and understand reproducible sounds or gestures that are recognized by others as representative of concepts. Language development begins slowly and subtly in the first year of life. Language skills are subdivided into two realms: receptive skills—the ability to comprehend communication, and expressive skills—the ability to produce communication.


Neonates demonstrate skills that are useful in the eventual development of receptive language abilities. Even before birth, fetuses detect sounds and show preferences for some sounds over others. At birth, the newborn is particularly attuned to the human voice and may turn toward a parent who is gently whispering. Children remain interested in sounds as they grow older and turn voluntarily toward the source of a sound by 3 to 4 months of age (Fig. 3-26).





[image: image]

Figure 3-26 Localizing sound. A 3-month-old infant responds to interesting sounds by looking in the direction of the sound.




Children can also differentiate speech sounds, even close to birth. Experimental paradigms, using the fact that an infant’s heart rate and sucking patterns change when they encounter new environmental stimuli, suggest that infants as young as 1 month of age can differentiate such similar speech sounds as /ba/ and /pa/. Frequent exposure to the native language alters speech perception such that by late infancy it becomes difficult for children to differentiate sounds that are not meaningful distinctions in their own language.


By 2 to 3 months of age, children begin to coo or make musical sounds spontaneously. This is the first step toward the development of expressive verbal language. Even in the early stages, children can establish reciprocal patterns, similar to the rhythm of conversation.


By about 6 months of age, children place consonant sounds with vowel sounds, creating what is known as babble. In this period the infant says “ma-ma” or “da-da” without necessarily referring to the loving parent. By 9 to 12 months of age, children integrate babble with intonational patterns consistent with the parent’s speech. This is called jargon.









Later Development


In the second half of the first year the child develops early skills in true receptive language. Milestones are listed in Table 3-7. By 6 months of age, children reliably respond to their names, and at about 9 months, they can follow verbal routines, such as waving bye-bye or showing how big they are. At about the same age, they also learn that pointing shares the focus of attention. The young infant looks at the point, whereas the older infant looks at the object to which the point is directed.


Table 3-7 Receptive and Expressive Language Milestones






	Age Range

	Receptive Response

	Expressive Response






	0-[image: image] mo

	Startles or widens eyes in response to sound

	Shows variation in crying (hunger, pain)






	

[image: image]-4 mo

	Quiets in response to voice, blinks eyes in response to sound

	Makes musical sounds; coos; participates in reciprocal exchange






	4-9 mo

	Turns head toward sound; responds with raised arms when parent says “up” and reaches for child; responds appropriately to friendly or angry voices

	Babbles; repeats self-initiated sounds






	9-12 mo

	Listens selectively to familiar words; begins to respond to “no”; responds to verbal routine such as wave bye-bye or clap; turns in response to own name

	Uses symbolic gestures and jargon; repeats parent-initiated sounds






	12-18 mo

	Points to three body parts (eyes, nose, mouth); understands up to 50 words; recognizes common objects by name (dog, cat, bottle, ball, book); follows one-step commands accompanied by gestures (“give me the doll,” “hug your bear,” “open your mouth”)

	Uses words to express needs; learns 20 to 50 words by 18 mo; uses words inconsistently and mixed with jargon, echolalia, or both






	18 mo-2 yr

	Points to pictures when asked “show me”; understands soon, in, on, and under; begins to distinguish you from me; can formulate negative judgments (a pear is not a cookie)

	Uses telegraphic two-word sentences (“go bye-bye,” “up daddy,” “want cookie”)






	30 mo

	Follows two-step commands; can identify objects by use

	Uses jargon and echolalia infrequently; makes average sentence of [image: image] words; adjectives and adverbs appear; begins to ask questions, asks adults to repeat actions (“do it again”)






	3 yr

	Knows several colors; knows what we do when we are hungry, thirsty, or sleepy; is aware of past and future; understands today and not today


	Uses pronouns and plurals; can tell stories that begin to be understood; uses negative (“I can’t,” “I won’t”); verbalizes toilet needs; can tell full name, age, and gender; forms sentences of three or four words






	

[image: image] yr

	Can answer such questions as “do you have a doggie?,” “which is the boy?,” and “what toys do you have?”; understands little, funny, and secret


	Can relate experiences in sequential order; can recite a nursery rhyme; can ask permission






	4 yr

	Understands same versus different; follows three-step commands; completes opposite analogies (a brother is a boy, a sister is a …); understands why we have houses, stoves, and umbrellas

	Tells a story; uses past tense; counts to 3; names primary colors; enjoys rhyming nonsense words, enjoys exaggerations; asks many questions a day






	5 yr

	Understands what we do with eyes and ears; understands differences in texture (hard, soft, smooth); understands if, when, and why; identifies words in terms of use; begins to understand left and right

	Indicates “I don’t know”; indicates funny, and surprise; can define in terms of use; asks definition of specific words; makes serious inquiries (“how does this work?” and “what does it mean?”); uses mature sentence structure and form







Receptive language can be demonstrated as children follow increasingly complex commands. For example, children will understand one-step commands such as “throw the ball” by approximately 1 year of age. The labeling of commonplace items in pictures is slightly more complex and begins after 1 year of age. The ability to choose between two pictures when asked “show me the …” should be consistent between 18 and 24 months of age.


By [image: image] years of age, receptive language skills have advanced beyond the understanding of simple labels. The child is able to identify objects by their use. Continued advances in receptive language occur during the preschool years and are highly susceptible to environmental stimulation or deprivation.


Expressive language skills (see Table 3-7) lag behind receptive skills in the first year of life. But even before word production begins, a child’s gestures have communicative intent. Many 9- to 10-month-olds can communicate that their juice or cereal is “all gone” by placing their hands palms up, at shoulder height. Even older children gesture to make themselves understood because gross and fine motor skills develop faster than the oropharyngeal muscle skills used in articulation.


Expressive language at first develops slowly. The child’s first meaningful words are produced around the first birthday. Over the next 6 months the child may master only 20 to 50 more words. These early words come and go from the child’s vocabulary and may be idiosyncratic child-forms. After 18 to 24 months, word usage increases rapidly, standard forms replace baby talk, and word combinations begin.


The child’s earliest two-word sentences typically contain important content words but lack prepositions, articles, and verb-tense markings. This two-word phase has been called telegraphic speech because, like a telegram, the child leaves out nonessential articles and prepositions. Once the child is capable of three- and four-word utterances, length limitations do not appear to be a significant barrier. By age 3 the child has developed complex language with the use of pronouns and prepositions. The child develops the ability to ask questions. At age [image: image] years they usually ask “what?” and by age 3 years they most frequently ask “why?” The child also can use negation within a sentence. By age 5 the child uses all parts of speech, as well as clauses and complex sentences.


The rate of language development appears to be associated with both biologic and environmental factors. About half or more of children with first-degree relatives with language and speech delays also show delays. The amount of child-directed speech in the environment is a good predictor of the rate of development for vocabulary and grammar. For this reason, health supervision of infants and toddlers should encourage parents to speak or read to their children.









Mastering Intelligibility and Fluency


Sounds required in language are mastered at different rates. Children who are attempting to say words containing sounds they cannot yet produce have a variety of choices on how to proceed: by omission of the difficult sound (ba for bottle), by substitution of a different sound (fum for thumb), or by distortion (goyl for girl). The information presented in Table 3-8 provides an estimate of when mastery of particular sounds, along with estimates of overall intelligibility, might be expected.


Table 3-8 Phonemes and Intelligibility






	Age (yr)*


	Sounds Mastered

	Percent Intelligibility (to a Stranger)






	2

	—

	50






	3

	14 vowels and p, b, m


	75






	4

	10 vowel blends and n, ng, w, h, t, d, k, g


	100






	5

	f, v, y, th, l, wh

	100






	6

	
r, s, z, ch, j, sh, zh, and consonant blends

	100







* The ages presented here are general guidelines because authorities differ regarding the specific ages associated with articulation and intelligibility.









Assessing Language Development


In the early stages of prelinguistic and linguistic development, direct assessment by the pediatrician may be difficult. Children are likely to remain quiet in new situations, especially in the office where they received an injection. It is usually easy to engage a normally developing child of age 3 in conversations. Before that age the physician may need to rely on parental report. Standardized parent reports are available for office use, and parental reports contribute to the assessment of language in screening tests.


The differential diagnosis for delayed expressive language development includes impaired hearing, global developmental delay or intellectual disability, environmental deprivation, autism, emotional maladjustment, or specific language impairment. Keeping this in mind, worrisome clinical situations include the 4- to 6-month-old infant who fails to coo responsively, the 9- to 10-month-old child who does not babble or whose cooing and babbling have diminished, and the 18-month-old child whose repertoire of words includes only mama or dada. Beyond 18 months a convenient rule of thumb is that children 2 years of age should use two-word utterances, at least half of which should be intelligible. By 3 years of age, children should use phrases of three or more words, three-quarters of which should be intelligible. Children who fail to achieve these developmental milestones should undergo evaluation for hearing loss, as well as for cognitive and emotional impairment.


Families often attribute language delays in their youngster to superficial and easily remediable physiologic or social factors. “Being tongue-tied,” for example, in most cases is not an explanation for delayed speech. However, it may be the effect rather than the cause because in some children the frenulum of the tongue may be tight due to not being sufficiently exercised by early verbal practice. Similarly, children rarely delay language because “they don’t need it.” Children have tremendous motivation to improve their verbal skills, even if they have older siblings who speak for them. For children who want a particular food, for example, a point toward the cupboard door will not specify precisely what is wanted. The parents must offer the items one at a time and await acceptance or rejection. The use of a verbal label will allow the child to meet needs efficiently.


Delays in the development of intelligibility might include any of the following:




1 Lack of intelligible speech by age 3


2 Frequent omission of initial consonants after age 4


3 Continued substitution of easy sounds for more difficult ones after age 5


4 Persistent articulation errors after age 7





If any of these delays persist for 6 months or more, a referral should be initiated.


During the period in which articulation and vocabulary are being mastered, speech dysfluencies are common. Noticeable stuttering or rapid speech beyond age 4 should prompt further attention. The problems of nasality, inaudibility, and unusual pitch sometimes may be helped by a speech pathologist. Furthermore, children of any age who are embarrassed by their speech are appropriate candidates for referral.


Therapy for speech and language disorders helps improve the communication skills of children with language delays and problems of intelligibility. A child whose unusual language pattern is destined to be outgrown will not suffer from monitoring by a communication disorders specialist; the child whose language impairment will not be outgrown has much to lose when help is delayed.












Social Development






Early Capabilities: Social Responsivity


The earliest social task of newborns is to establish a mutually satisfying relationship with their caregivers. Neonates begin this process by fixing visually on faces in preference to other sights, a skill that is evident during the first few days of life (see Fig. 3-21). The responsive smile develops soon thereafter (Fig. 3-27). The social smile is another innate behavior, although it may not appear until 4 to 6 weeks of life. Smiling appears in infants from all cultures at about the same time. Infants with visual impairment who cannot appreciate a smile on the faces of their caregivers nonetheless smile at ages comparable with sighted children.





[image: image]

Figure 3-27 Early smiling. A 19-day-old infant smiles for her parents.











Development of Attachment


During the first 6 months of life, infants are rather indiscriminate in their social behavior, smiling and later laughing with anyone willing to play. Infants develop a sense that their parents exist when out of sight sooner than they learn inanimate objects are permanent. By 6 to 8 months of age, children protest when their parents leave the room. As infants begin to recognize faces of familiar caregivers, they may squirm and cling in the company of unfamiliar people, exhibiting stranger awareness. The severity of the reaction varies with the infant’s temperament and with previous experiences. Extreme reactions, known as stranger anxiety, may occur in children who have not had routine care from alternative caregivers. Pediatricians are advised to refrain from holding the 9- to 12-month-old child at the well-child visit. A child who remains playful and calm while securely in the parent’s arms may quickly fret or cry even if gently removed from that security.


By 1 year of age, most children have experienced periods of separation from a parent, whether it be for minutes or hours. Infants who have developed a secure attachment to their parents show signs of recognition and pleasure when they are reunited with them. While progressing in gross motor development, the child initiates separation by walking away independently and exploring at greater distances from parents. Typically, infants return regularly for some verbal encouragement, eye contact, or hugging and then venture farther. In contrast, infants who have not developed secure attachments may show indifference, ambivalence, or disorganization at reunion with their parents. Their exploration of the environment during the toddler years is limited. These children are at risk for troubled social relationships as they become older.









Development of Social Play


Infants and young toddlers tend to line up and engage in similar activities simultaneously. This pattern is called parallel play. Although parents often expect their young toddlers to interact or share with peers, success in this age group is unusual. Sharing for a young toddler involves showing or handing a prized toy to another child, only to take it back within seconds.


By 2 years of age, with the development of symbolic capabilities in cognitive development, children begin to pretend. They will seek to engage their parents in activities that satisfy their growing curiosity. They enjoy reading with caregivers and having their labeling questions answered.


Near 3 years of age, children begin to include one another in their pretending games, taking on roles that become progressively more realistic and interactive. The young preschooler is especially interested in imitating the parent of the same gender but shows no preference for same- or opposite-gender playmates.


The child’s abilities to share are shaped by social experiences. Children who attend day care may share successfully at an earlier age than children raised at home (Fig. 3-28). Although it can be achieved through consistent experience, taking turns is also a challenge for the preschooler who possesses a limited concept of time. Impulse control is just developing in the preschool years. Active goals for this age group include learning to gain the cooperation of one’s peers, learning to communicate ideas to new friends, and learning to handle conflicts.





[image: image]

Figure 3-28 Sharing. Two-year-old children with day-care experience share a special treat.




By 4 to 5 years of age, peer interactions grow increasingly cooperative and complicated; pretend play involves themes requiring greater feats of imagination and experience, such as trips or parties. Older preschoolers enjoy helping with household tasks and frequently are more interested in participating in gender-specific activities than they were at an earlier age. This interest may relate to cognitive and social development. As children understand that they are in the same category as their same-gender parent, they become interested in the implications of category membership. Strict adherence to the rules of category membership reflects the concrete and inflexible thinking of the preschooler.


Preschoolers do not often play games with rules. Rules are seen as variable, to be made and broken at the discretion of the players. For example, getting through a board game with preschoolers who decide not to follow the rules, once they discover that the rules are not working in their favor, is often a challenge.


Children become capable of playing by rules when they reach school age. With superior logical capabilities, they realize that rules are invariant and must be followed regardless of the personal implications. As they progress through the elementary-school years, board games and sports become preferred activities for groups of peers.









Development of Sense of Self


Self-awareness and independence develop gradually throughout life. The earliest indications of an emerging identity occur at 6 to 9 months of age, when infants display interest in their own mirror images. Some 7- to 8-month-olds may prefer to grab cups and spoons rather than accept passive roles in eating. These infants may resist pressure to do something that they would prefer not to do (e.g., fussing to stand when placed in a sitting position).


Beyond 1 year of age, toddlers rapidly expand their sense of self. They explore their environment with ease, and they are increasingly able to function independently. They can feed themselves with a cup and spoon, and they have clear ideas about what they want. Children at 1 to 2 years of age also enjoy their own accomplishments and can clap for their own successes (Fig. 3-29).





[image: image]

Figure 3-29 Mastery smile. A 15-month-old boy demonstrates that toddlers beyond 1 year of age can take pride in their own accomplishments. This child is applauding his own success at having made the puppets appear.




An emerging sense of self and the thrust for independence make discipline of the toddler a challenge. Parents may need help in viewing their child’s refusals to eat, nap, or be washed as positive steps toward increased independence. They may also need support in setting limits on the child’s behaviors.


As the child reaches 2 to 3 years of age, increased independence in verbal abilities, increased awareness of body sensations, and modest skills in donning and doffing clothing combine with the child’s desire to imitate adults and to gain parental approval. This combination of accomplishments allows toilet training to begin. In fact, these developmental milestones mentioned may be viewed as readiness signs. The pediatrician can review them with families at the 15- or 18-month visit so that parents can time their toilet-training efforts to the child’s developmental rate and style. Children differ substantially in their interest in achieving bladder and bowel control, and parents may benefit from counseling to maintain a relaxed approach.


In other areas as well, children need support in their attempts to initiate and control their own activities. Toward this end, parents can be encouraged to allow their child to practice emerging self-care skills, such as zipping or buttoning a coat, even when the practice costs precious time in a rushed schedule. Should the child become frustrated or disappointed, a response of empathy is likely to soothe more effectively than a response of reason because rational reasoning is limited during this preoperational cognitive period.


By mid- to late elementary school, cognitive development has progressed toward abstract and hypothetical thinking such that children are able to reflect self-consciously about themselves and others. First- or second-graders struggle to understand the causes of conflict or their emotional reactions to it. Older elementary-school children and adolescents are able to analyze situations, reasons, and reactions. They begin to understand their own motivations and the environmental triggers of their responses.


Throughout childhood the desire to grow up is in continued conflict with the desire to remain a child. The young preschooler is just beginning to address this issue. Families frequently report that a child’s accomplishments in socioemotional functioning backslide when unexpected stresses challenge household equilibrium or when the child becomes ill. As a result, temporary regressions to earlier levels of functioning may occur in some children. Importantly, parents must learn to view these lapses as expected components of development rather than as intentional lapses on the part of the child. However, if the regression is prolonged and significant, the physician may initiate an evaluation of the child’s emotional status.


During elementary-school years, at least in Western cultures, the child’s self-image is strongly influenced by success or failure in school. Not only do difficulties with learning put additional pressures on the child, but they also may damage the child’s sense of self-worth. Parents and teachers of children with learning problems should be especially willing to praise the child for effort, accomplishments, and good behavior. Physicians should be particularly sensitive to the higher risk of emotional and behavioral problems in children with learning difficulties so that they can make timely referrals to colleagues in the mental health professions.









Evaluation of Social Development


Subtle indicators of social and emotional development can be observed in the course of a routine pediatric visit. The physician has the opportunity to note not only the way the infant behaves but also the style of parental caregiving and the nature of the parent–child relationship. The young infant typically shows social responsiveness to both the parent and the pediatrician, although at 9 months of age, there is a definite preference for the familiar parent. Also at this age, particularly in times of stress, the infant turns to the parent for support and comfort. Children of limited responsiveness, who avoid physical contact, avert their gaze, or in other ways fail to contribute to a mutually satisfying reciprocal exchange are of concern. Of equal concern are parents who are harsh, unresponsive, or threatening in response to the infant’s needs.


Given the nature of social development, the assessment of possible problems must rely largely on history. Parents tend to be frank and open about the nature of their relationship with their child if questions are asked in a direct and nonjudgmental way. Difficulties in social development may relate to constitutional and temperamental characteristics of the child, as well as to philosophy and practices of the parent. By remembering the bidirectional nature of causality in social development, the physician can avoid slipping into criticisms or judgments.


The older preschool or school-age child may be able to give, independently, direct information about social development. For example, the child may be able to name special friends and the activities enjoyed with those friends. Young preschoolers might name both boys and girls and list rough-and-tumble or fantasy play as favorite activities. Older preschoolers might name same-gender friends but similar activities. School-age children might add board games and sports to their list of activities.












Variations In Developmental Patterns


The presence or absence of a single skill at a particular age is rarely sufficient to determine developmental status. Developmental progress is highly dependent on multiple factors: the general health of the child, opportunities for learning, temperamental characteristics, willingness to try new experiences, genetic endowments, coordination and strength, and socioeconomic factors. If delays occur in more than one domain, persist over time, or both, they are considered significant. The challenge for the pediatrician is to differentiate individual variation from deviation and disorder.


Sometimes the parents raise developmental concerns. These concerns must be addressed freely and openly. Parents are rarely comforted by superficial evaluation and pat reassurance, and although prudent waiting may serve some families well, it may arouse anxiety and anger in others. If a comprehensive evaluation of a given problem is beyond the capabilities of the pediatrician, early referral should be considered.


Evaluation of developmental problems proceeds in the same manner as evaluation of other medical concerns: history, physical examination (including neurologic and developmental evaluation), and laboratory testing. Important in establishing a diagnosis is consideration of the pattern of development across all domains. For example, findings of hypotonia and selective problems in gross motor skills along with normal development in cognition, language, and social skills suggest a neuromuscular disorder or benign congenital hypotonia. In contrast, hypotonia with global developmental delay suggests a central nervous system problem. Differentiating delayed skills from deviant skill patterns is also important. For example, because even neonates can make good eye contact with their caregivers, the toddler who avoids eye contact is showing deviancy rather than delay. The combination of delays or deviances in social behavior and delayed language development is suggestive of an autism spectrum disorder.






Cerebral Palsy


The term cerebral palsy (CP) refers to a group of disorders in movement and posture appearing in infancy or early childhood and attributed to nonprogressive disturbances that occurred in the developing fetal or infant brain. The type of cerebral palsy varies according to the location of the injured area. Injury may occur before birth, during labor and delivery, or after birth, up through the preschool years. Although some affected patients may have a history of perinatal complications, the majority do not. In 20% to 30% of cases, no etiology can be established. The key to making the diagnosis is to establish that motor problems are not progressive. Regression of motor skills suggests a different set of diagnostic possibilities including surgically treatable lesions of the brain or spinal cord or inherited neurodegenerative diseases.


CP is classified according to resting tone and what limbs are involved. Spastic CP is typically due to injuries to the cortex or pyramidal tract and accounts for approximately 80% of cases. Spasticity is defined as a velocity-dependent increase in tone; when the limb is moved quickly there is a catch or resistance to movement. Spasticity also includes hyperreflexia and may be accompanied by clonus and persistence of primitive reflexes. Extrapyramidal or dyskinetic CP is characterized by abnormal involuntary movements. Rarely, cerebral palsy is manifested as hypotonia, often involving the trunk, and associated with hyperreflexia and persistent primitive reflexes. Categorization of cerebral palsy adds the location of the findings to the predominant findings:




• Spastic hemiplegia: Spasticity predominantly affecting one side of the body, usually with upper extremity spasticity more pronounced than lower extremity spasticity


• Spastic diplegia: Spasticity predominantly affecting the lower extremities more than the upper extremities


• Spastic quadriplegia: Spasticity of all four extremities


• Athetoid CP, choreoathetoid CP, and dystonic CP: Abnormal movements often accompanied by hypertonicity









Physical Examination


A diagnosis of cerebral palsy and a determination of its subtype can be established through physical examination. However, physical findings over the first year of life are highly variable and nonspecific. Early signs may include decreased passive tone in the presence of brisk deep tendon reflexes (DTRs) without concomitant weakness. Early problems with sucking and swallowing may predate evidence of motor delays.


The definitive diagnosis of cerebral palsy should be made after 1 year of age in a child born at term, and at 15 to 18 months of age in a child born prematurely, because the early findings may change. The diagnosis is based on abnormal strength, tone posture, and hand use of the upper extremity and strength and tone in the lower extremities. Strength can be assessed by indirect measures, such as by determining the child’s ability to push off from a bed, to support his body weight on his legs, and to lift his arms and legs.






Abnormalities of Tone


Because damage to the central nervous system prevents the inhibition and balance of the inherent tone of the muscles, abnormalities of tone are particularly significant in the diagnosis of cerebral palsy. After initial hypotonia, a child may develop increased tone between 12 and 18 months of age, showing clearly rigid or spastic hypertonia by age 2.


The child who demonstrates increased extensor tone beginning in early infancy is also at risk for cerebral palsy. Under normal circumstances, infants younger than 3 months of age, when supported ventrally, maintain their head in slight flexion with the trunk mildly convex (Fig. 3-30, A). However, with exaggerated tone in the antigravity muscle group, the infant may elevate the head above the horizontally level trunk (Fig. 3-30, B). Similarly, the unknowing parents may be pleased by their child’s apparent precocious development of head control when the child is prone or rolls belly-to-back in the first 2 months of life, when in fact both of these findings suggest excessive extensor posturing.





[image: image]

Figure 3-30 Ventral suspension. A, This infant’s posture is normal for a 1- to 3-month-old child held in ventral suspension. The head, hips, and knees are flexed. B, For a child 4 months of age or older held in ventral suspension with normal posture, the head, hips, and knees may be extended. This finding is abnormal in a child younger than 3 months of age.




Further evidence of abnormally increased tone is found when the supine child is pulled to an upright position and extends at the hips and knees, coming to stand on pointed toes rather than ending up in the appropriate sitting posture. This child, when placed in vertical suspension, will not right the head as expected and will later scissor the lower extremities as a result of hypertonia of the leg adductors and internal rotators (Fig. 3-31). Parents may find it difficult to position these infants for diapering and feeding; knowledge of the Marie-Foix maneuver, used to break up excessive extension in the lower extremities (Fig. 3-32), will help them.





[image: image]

Figure 3-31 Scissoring. Excessive pull of the hip adductors and internal rotators in this child of 3 years results in his legs crossing in a scissor-like pattern while he is supported in vertical suspension.







[image: image]

Figure 3-32 Marie-Foix maneuver. By flexing the child’s toes, the therapist can reduce extensor tone enough to obtain abduction of the hip and knee flexion in this child with spastic quadriplegia.











Abnormalities in Development of Primitive Reflexes and Equilibrium Responses


Abnormal persistence of primitive reflexes is helpful in making a diagnosis of cerebral palsy. Damage to the central nervous system prevents high levels of control from superseding and inhibiting the influence of the early reflexes. Thus obligate or persistent primitive reflexes are signs of cerebral palsy. For example, in the normal variant of the ATNR, the infant can move out of the posture if the gaze is directed to the other side of the body. In an obligate ATNR, however, the infant remains in the fencer position until the head is passively moved. This finding is not normal in a child of any age and is highly suggestive of the static encephalopathy and motor deficit characterizing cerebral palsy.


Also strongly suggestive of cerebral palsy is the nonobligate ATNR that persists beyond 6 months of age. This is one possible explanation for a consistent preference in a 6- to 12-month-old child to sleep or lie with the head turned in a particular direction. Similarly, persistence of the Moro response beyond 6 months of age is associated with cerebral palsy, as is a lack of development of lateral protective equilibrium reactions by 7 to 8 months or of the parachute reaction by 10 months of age.












Subtypes of Cerebral Palsy






Hemiparesis


Hemiparesis is caused by asymmetrical damage to the motor control areas of the central nervous system. In children with hemiparesis, functional discrepancies often predate asymmetrical changes in tone or reflexes. The upper extremities may be affected more severely than the lower extremities. Asymmetrical use of the upper or lower extremities is rare during the first 4 months of life. When seen in the resting state or when elicited with the ATNR or the Moro response (Fig. 3-33), it is more likely related to lower motor neuron disease than to cerebral injury. At 4 to 6 months, during the development of early reaching and grasping, signs of hemiparesis include the presence of one hand that is fisted, the arm getting caught beneath the body when the child tries to prop up on the elbows or hands, and evidence that the arm is not used in simple tasks. Increased resistance to supination at the wrist, limited flopping of one wrist when the upper extremities are gently shaken, or extra beats of unilateral clonus at the ankle are other clues.





[image: image]

Figure 3-33 Asymmetrical Moro response. Note that one hand is fisted and the other is open. This child warrants a neurologic examination and close follow-up.




Later, during the first year of life, abnormal findings include a failure to develop the protective response of lateral propping or the development of an asymmetrical parachute response. In addition, crawling may be uneven, with propulsion coming from one side while the opposite arm and leg are dragged behind.


Children with hemiparesis may have difficulty in compensating for their lack of protective responses, their uneven strength, and poor balance. Walking is typically delayed until 2 to 3 years of age. In mildly affected children, walking may be almost normal, but when asked to run, the child may show posturing of the upper extremity in flexion and internal rotation. Usually, the lower limb rotates internally and the foot may be held in equinus, making it functionally longer on the swing-through part of the gait. To clear the foot from the floor, the child compensates by swinging the leg farther out in abduction or by circumducting the affected side. These patterns, in some cases, also can be observed in standing (Fig. 3-34).





[image: image]

Figure 3-34 Note the arm held in flexion and internal rotation and the leg circumducted on the involved side in this child with hemiplegic cerebral palsy.




Children with hemiparesis may neglect the visual field on their affected side. Parents should position their infant so that visual stimulation is provided to the intact visual field. Another consideration is that of abnormal bony stresses caused by asymmetrical muscle strength. Unequal spinal stresses predispose children with hemiparesis to scoliosis, especially during growth spurts.









Spastic Diplegia and Quadriplegia


Spastic diplegia implies dysfunction of the lower extremities, with normal or limited involvement of the upper extremities. Spastic quadriplegia implies dysfunction of the upper and lower extremities. The child with spasticity may have presenting symptoms that include delayed sitting, crawling, or walking or toe-walking (Fig. 3-35). In the supine position, children with spastic diplegia may keep their lower extremities in the “frog” position, with the hips and knees flexed and the hips externally rotated. In the erect position the child may internally rotate and adduct the legs, leading to scissoring (see Fig. 3-31). The ankles assume the equinus position. Children with spastic diplegia who learn to walk often show persistent toe-walking in the presence of brisk DTRs, limited range of ankle motion, Babinski reflexes, and a normally proportioned muscle mass.





[image: image]

Figure 3-35 Toe-walking. A 4-year-old child with cerebral palsy cruises on furniture. Notice that the child is crouched because of hamstring tightness and is toe-walking because of gastrocnemius tightness.




The differential diagnosis of toe-walking includes the muscular dystrophies, tethered spinal cord and spinal tumors, peripheral neuropathies, and fixed bony deformities of the feet. Unilateral or asymmetrical toe-walking may indicate leg-length discrepancy or a dislocated hip as an isolated finding or in conjunction with spasticity.









Athetoid or Ataxic Cerebral Palsy


Children with athetoid or ataxic cerebral palsy tend to be hypotonic and normoreflexive in infancy with delayed motor milestones. Between 1 and 2 years of age, hypotonia may be replaced by spasticity, and involuntary movements may appear. Exaggerated tone and dyskinetic movements reach maximal intensity around age 3. Athetoid cerebral palsy has been associated with damage to the basal ganglia caused by bilirubin encephalopathy (kernicterus) or hypoxic–ischemic injury.









Hypotonic Cerebral Palsy


Some hypotonic infants with exaggerated reflexes do not progress to hypertonicity. The child with hypotonic cerebral palsy usually exhibits severe motor and intellectual disability. The prognosis for independent functioning is quite poor. Hypotonic cerebral palsy must be differentiated from benign congenital hypotonia, an isolated disorder of tone, which spares other developmental areas.
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