Pediatric
Nutrition for
BENERE

Edited by
Praveen S. Goday @

. CRC Press
Cassandra L. S. Walia

Taylor & Francis Group



Pediatric Nutrition for Dietitians



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


https://taylorandfrancis.com

Pediatric Nutrition for Dietitians

Edited by
Praveen S. Goday and Cassandra L. S. Walia

CRC Press
Taylor & Francis Group
Boca Raton London New York

CRC Press is an imprint of the
Taylor & Francis Group, an informa business




First edition published 2022
by CRC Press
6000 Broken Sound Parkway N'W, Suite 300, Boca Raton, FL 33487-2742

and by CRC Press
4 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN

CRC Press is an imprint of Taylor & Francis Group, LLC
© 2022 Taylor & Francis Group, LLC

Reasonable efforts have been made to publish reliable data and information, but the author and publisher cannot
assume responsibility for the validity of all materials or the consequences of their use. The authors and publishers
have attempted to trace the copyright holders of all material reproduced in this publication and apologize to copyright
holders if permission to publish in this form has not been obtained. If any copyright material has not been acknowl-
edged please write and let us know so we may rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or
utilized in any form by any electronic, mechanical, or other means, now known or hereafter invented, including pho-
tocopying, microfilming, and recording, or in any information storage or retrieval system, without written permission
from the publishers.

For permission to photocopy or use material electronically from this work, access www.copyright.com or contact the
Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923, 978-750-8400. For works that are
not available on CCC please contact mpkbookspermissions@tandf.co.uk

Trademark notice: Product or corporate names may be trademarks or registered trademarks and are used only for
identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Goday, Praveen S., editor. | Walia, Cassandra Sova, editor.

Title: Pediatric nutrition for dietitians / Praveen Goday, MBBS, FAAP, and
Cassandra Sova Walia, MS, RD, CD, CNSC.

Description: First edition. | Boca Raton : CRC Press, 2022. |

Includes bibliographical references and index. |

Summary: “This book is a comprehensive review of pediatric nutrition primarily
for a dietitian, dietetics student, or a master’s level student in pediatric nutrition.
It is written and edited by experts in the field who continue to

practice pediatric nutrition and serves as a resource for the practicing
pediatric dietitian. With disease-specific chapters, the content begins
with a brief overview of pathophysiology including incidence or
prevalence data, etiology, clinical signs and symptoms, and alterations

in metabolism. This information is followed by nutritional guidance in
the ADIME (assessment, diagnosis, intervention, monitoring, and
evaluation) format”— Provided by publisher.

Identifiers: LCCN 2021057204 (print) | LCCN 2021057205 (ebook) |

ISBN 9780367707637 (hardback) | ISBN 9780367705046 (paperback) |
ISBN 9781003147855 (ebook)

Subjects: LCSH: Children—Nutrition. | Pediatrics. | Dietitians.
Classification: LCC RJ206 .P3628 2022 (print) | LCC RJ206 (ebook) |

DDC 613.2083—dc23/eng/20211124

LC record available at https://lccn.loc.gov/2021057204

LC ebook record available at https://lccn.loc.gov/2021057205

ISBN: 9780367707637 (hbk)
ISBN: 9780367705046 (pbk)
ISBN: 9781003147855 (ebk)

DOI: 10.1201/9781003147855

Typeset in Times
by codeMantra


http://www.copyright.com
mailto:mpkbookspermissions@tandf.co.uk
https://lccn.loc.gov
https://lccn.loc.gov
https://doi.org/10.1201/9781003147855

To Thangam, Arvind, and Tara
For always being at the dinner table and nourishing my soul

Praveen S. Goday

To my parents, who always encouraged me to chase my dreams and provided
unwavering support along the way. And to my husband, who helped me
study and continues to support me through my career every day.

Cassandra L. S. Walia



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


https://taylorandfrancis.com

Contents

Preface........
Editors........
Contributors
Reviewers...

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

....................................................................................................................................... xi
.................................................................................................................................... xiii
..................................................................................................................................... XV
..................................................................................................................................... Xix
GrowWth ASSESSIMENL....c..eeuririieiiieieetieitentt et sttt sttt ettt et ettt ettt eseesaeennesaeeaeeanen 1
Julia Driggers, Kanak Verma, and Vi Goh

Nutrition-Focused Physical EXam ........ccccceiiiiiiiiiiniie e 15
Hanna Leikin, Merideth Miller, and Sara Bewley

Nutrition Screening and ADIME ........cc.cociiiiiiiiiiiniiiicecceeee e 35
Jennifer L. Smith and Teresa A. Capello

Fetal Development and Maternal Diet .........c.covveeviiiiiiiiiiinieieeiecieeeeeeeee e 51
Ruby Gupta and Alison Hanson

INFANE NULTTHOM. .ttt ettt e et e e e e saeessbe e saeesseessaeenseennes 65
Olivia Mayer, Yasemin Cagil, and John Kerner

Nutrition in the Older Child .........ccccoiiiiiiiiiiiieee e 79
Sarah Lowry, Jenifer Thompson, and Ann O’Shea Scheimann

Enteral and Parenteral Devices .......c..cocevieriirieiiiieniiieciieeceeerceece e 89
Ruba A. Abdelhadi, Ammar R. Barakat, and Beth Lyman

ENteral NULTTTION. .. .cccvietieeieetie ettt et e s et e sbeesaaeeaeestaeesseeseeensaessnesasens 101
Stephanie G. Harshman and Lauren G. Fiechtner

Parenteral NULITHON «...c..eooteriiiieiiiieeeccceecee ettt 111
Ajay Kumar Jain and Jamie Nilson

IMATNULTTEON. 1.ttt ettt sttt 127
Laura Gearman and Catherine Larson-Nath

Care of the Hospitalized Child..........cc.cccoveiiiiiniiniiininieneceececeeeeeee 139

Anushree Algotar, Anna Tuttle, and Mark R. Corkins

vii



viii

Chapter 12

Chapter 13

Chapter 14

Chapter 15

Chapter 16

Chapter 17

Chapter 18

Chapter 19

Chapter 20

Chapter 21

Chapter 22

Chapter 23

Chapter 24

Contents
Care of the Premature and I11 NEONALE .........c..cceervieviiiiieiieeieeceeeie et 153
Ting Ting Fu, Kera McNelis, Carrie Smith, and Jae H. Kim
Care of the Critically I11 Pediatric Patient............ccccovierenieninieninieiceeceece, 165
Katelyn Ariagno and Nilesh M. Mehta
Cardiac DISEASE......ceoveruietiriieiiriteieetet ettt sttt 175
Megan Horsley and Jeffrey Anderson
FOOA ALIBIZY ...ttt 185
Alison Cassin, Ashley Devonshire, Stephanie Ward, and Meghan McNeill
Gastrointestinal DISEASE........ccuerieriirieiiiierteeereee e 203
Justine Turner and Sally Schwartz
Intestinal Failure ........co.cociiiiiiiiiiiiiiicc e 231
Rashmi Patil, Elizabeth King, and Jeffrey Rudolph
ChroniC LiVer DiSEASE ......cccuieeuiiiiieiiieeiieiteeeeeeiee sttt esve e e s e esteeeaeeseeebaessnesaneas 245
Julia M. Boster, Kelly A. Klaczkiewicz, and Shikha S. Sundaram
Cystic Fibrosis and Pancreatic DiSease.........coceverierieiienieniinieieeieiceenieeeneee 263
Elissa M. Downs, Jillian K. Mai, and Sarah Jane Schwarzenberg
RENAI DISEASE ...ttt ettt 279
Molly Wong Vega and Poyyapakkam Srivaths
Care of Children and Youth with Special Health Care Needs..........ccccccvevvrerennene. 301
Sarah Vermilyea and Elisabeth Pordes
Ad01eSCeNt MEAICINE .....cc.eertieuiiiieiieiieie ettt ettt 323
Perry B. Dinardo, Jennifer Hyland, and Ellen S. Rome
Inborn Errors of MetaboliSm .......cc.coceeruiiiiniiiiniiiiniecneceseeetee e 337
Surekha Pendyal and Areeg Hassan El-Gharbawy
ENdOCTiNg DIiSOTAETS. ....ccviiiuiiiiieiiecieeeieete ettt ettt et sv e reesireeveesaaeebeessneeaneas 363

Lisa Spence, Nana Adwoa Gletsu Miller, and Tamara S. Hannon



Contents ix

Chapter 25 Obesity and Lipid DIiSOTAETS ........ccccoverieiiiiiiininincnienenieseeeieteeereree et 373

Christine San Giovanni, Janet Carter, and Elise Rodriguez

Chapter 26 Oncology and Bone Marrow Transplantation .............cccceeeeeuevvenienienienieneeennenennens 391
Deena Altschwager and McGreggor Crowley

Chapter 27 Restricted DICLS ....occviiierieiiieieeieeieeiieie ettt sre e s se e e ssaeseesaenseeseenns 405
Margaret O. Murphy, Teresa M. Lee, Therese A. Ryzowicz, and George J. Fuchs

Appendix A: Standard Growth Charts ..o 415
Appendix B: Tanner Staging ............c..cccooiiiiiiiiiiii e 425
Appendix C: Reference Data for Mid-Upper Arm Circumference (MUAC)..............c.c....... 427
Appendix D: Common Nutrition Diagnoses Utilized for Pediatric Patients.......................... 431
Appendix E: Dietary Reference Intakes (DRISs) for Infants, Children, Pregnancy, and
Lactation ........c..cocoiiiiiiiiiii e e 435
Appendix F: Example ADIME NOTES ............cccoecieriieieniieieniieie st eeesieeeeve e sseesaesseensesseennas 441



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


https://taylorandfrancis.com

Preface

Many physicians, especially pediatricians, learn both the fundamentals and the nuances of practi-
cal nutrition from dietitians. Clinical dietitians, in turn, learn and sharpen their skills with the help
of physicians. This book exemplifies this symbiosis not just because its editors are an MD-RD
combo who have practiced together for more than a decade, but because practically all the chapters
in this book have dietitian and physician authors who have contributed to this “multidisciplinary”
approach. We hope that this approach will serve both the student dietitian and the dietitian who may
not have the support of a physician at her side.

The book begins with the fundamentals of pediatric nutrition assessment, including growth
assessment, nutrition-focused physical exam, and ADIME. Key aspects of nutrition from infancy
through adolescence are discussed before moving on to the specifics of nutrition care in subspecialty
areas of pediatric nutrition. Each disease-specific chapter ends with an ADIME table that summa-
rizes nutrition care for the specific population and serves as a quick guide for providing patient care.
All chapters were written by experts in the field, and then reviewed by expert dietitians actively prac-
ticing in these areas. While no book can cover the spectrum of patients seen by pediatric dietitians,
the Growth Assessment, Nutrition-Focused Physical Exam, Nutrition Screening and ADIME, Care
of Children and Youth with Special Health Care Needs, and Restricted Diets chapters provide the
dietitian with the nutrition assessment and intervention tools needed to adapt to the ever-changing
landscape of pediatric nutrition and provide expert nutrition care regardless of the situation.

We have made a few choices in this book. To make it more readable, we refer to dietitians as
such instead of using Registered Dietitian or Registered Dietitian Nutritionist. Again, to enhance
readability, we have elected to use female pronouns for dietitians and patients in this book, with the
exception of the rare case where we have to specifically refer to a male patient.

While we, the editors, are experts in pediatric nutrition, we are not experts in every aspect of this
field. To ensure that the chapters in the book are accurate and evidenced based, authors and review-
ers who are experts in the field have contributed to this work. This book has benefited greatly from
their suggestions and corrections. To them we are immensely grateful.

Praveen S. Goday
Cassandra L. S. Walia

Xxi



Taylor & Francis
Taylor & Francis Group

http://taylorandfrancis.com


https://taylorandfrancis.com

Editors

Praveen Goday is a pediatric gastroenterologist at the Children’s Hospital of Wisconsin and a pro-
fessor of Pediatrics at the Medical College of Wisconsin in Milwaukee, Wisconsin. He is a recog-
nized expert in nutrition and has authored > 50 research publications and ~40 book chapters. He has
already served as editor of a book on Pediatric Critical Nutrition. He has served on the Board of the
American Society for Parenteral Nutrition (ASPEN) and as the chair of the Nutrition Committee of the
North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN).
He is currently on the Committee of Nutrition of the American Academy of Pediatrics. He is also the
recipient of several national honors and awards including: ASPEN Excellence in Nutrition Support
Education Award and the ASPEN Distinguished Nutrition Support Physician Service Award. He has
been on the Best Doctors in America list continuously since 2007 and led the Children’s Hospital of
Wisconsin Team to an ASPEN Clinical Nutrition Team of Distinction Award.

Cassandra L. S. Walia completed the coordinated program in dietetics at Mount Mary University
in 2009, and earned her Master’s of Science in dietetics in 2012. Prior to working at Children’s
Hospital of Wisconsin, she was a dietitian at the City of Milwaukee Health Department WIC clin-
ics. She has worked in the outpatient GI and Allergy clinics at Children’s Wisconsin (CW) since
2009. She is recognized as an expert within her field, has several publications and is a Certified
Nutrition Support Clinician. Cassandra has participated in a variety of quality improvement proj-
ects including creation of a nutrition lab protocol for patients with inflammatory bowel disease and
improving the safety of our electronic medical record build for home parenteral nutrition. During
her time at CW, Cassandra has represented Clinical Nutrition in a variety of multidisciplinary com-
mittees including the Patient Family Education Committee, Joint Clinical Practice Council, and the
Food Allergy Huddle. She worked to create innovative electronic education for food allergy patients
and is currently working to create additional video education on nutrition topics for patient care. In
addition to her role at CW, Cassandra has been an adjunct instructor at Mount Mary University since
2015, where she teaches graduate students and dietetic interns about pediatric nutrition.
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Nutrition plays a major role in both the physical and intellectual development of children. Monitoring
growth and development is a cornerstone of pediatric care. Healthy infants and children typically
follow a predictable pattern of development, which allows growth to serve as a sensitive marker
for health and nutritional status. Growth can be affected by a variety of conditions, and alterations
in growth can be the first sign of a pathologic condition. Marked deviations from a normal growth
pattern, particularly during early life, have also been associated with an increased risk of comor-
bidities later in life. Delayed growth in childhood has been associated with decreased adult height
and altered body composition, including increased abdominal fat mass, in adulthood. Further, a
substantial body of research has demonstrated that malnutrition can lead to abnormal brain develop-
ment, including tissue damage, disordered differentiation of neural cells, reduction in synapses and
synaptic neurotransmitters, and delayed myelination. These can lead to lasting cognitive impair-
ment, affecting attention, visual, auditory, memory, and executive function, and interfering with a
child’s school performance and potential for achievement.
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Clinical evaluation of a child’s growth should focus on key historical features, as well as accu-
rate measurement of all growth parameters. The history should include a thorough dietary history,
weight, length, and head circumference at birth, prenatal history, past medical and family history,
and a complete review of systems for evidence of systemic disease. Body weight, length or height,
head circumference, and weight-for-length or body mass index (BMI)-for-age are easily measured
or calculated and can be compared with population standards using growth charts (Appendix A).
Pediatric growth can be divided into three periods: infancy, childhood, and adolescence.

INFANT GROWTH

The intrauterine environment and maternal nutrition are primarily reflected in the growth param-
eters at birth and during the first few months of life, after which genetic and environmental factors
exhibit a stronger influence. Many infants will significantly change growth percentiles (and hence,
their corresponding z-scores) for weight and length during the first 2 years of life, but then usually
follow their established growth trajectory after age 2.

Term neonates can lose up to 10% of their birth weight during the first few days of life and should
get back to their birth weight by days 10—14. After return to birth weight, infants typically follow an
established pattern of weight gain during the first year of life. Expected weight gain during infancy
is approximately 30 g/day from age 0 to 3 months, 20 g/day for ages 3 to 6 months, and 10 g/day for
ages 6 to 12months. Infants should roughly double their birth weight by 4 months of age and triple
their birth weight by 12 months of age. Weight gain slows after the infant’s first birthday. Normal
linear growth in infants is approximately 10 inches (~25 cm) during the first year of life.

Feeding methods can impact the weight gain patterns seen in infants. Breastfed infants typically
gain weight more rapidly during the first 3—4 months of life when compared to formula-fed infants, and
relatively slowly thereafter. By age 1-2years, the weights of breastfed and formula-fed infants are simi-
lar. It is important to correct growth parameters for gestational age in preterm infants; however, there is
limited consensus on the duration of “catch-up” growth in premature infants and how long to correct for
gestational age when interpreting growth. The World Health Organization (WHO) suggests correction
of weight, height, and head circumference until age 2—3 years for children born prematurely (Chapter 12).

CHILDHOOD GROWTH

Children gain approximately 2 kg/year between age 2years and puberty. They typically gain
4 inches (~10cm) in length/height during the second year of life, 3 inches (~7.5cm) during the
third year of life, and 2 inches (~5cm)/year between age 4 years and puberty. With increasing
height and slowed weight gain, toddlers and preschoolers grow taller and leaner. Of note, growth
during this period is pulsatile, consisting of periods of rapid growth separated by periods of mini-
mal growth. There is also normal deceleration of height velocity before the pubertal growth spurt
during adolescence.

ADOLESCENT GROWTH

Puberty refers to the physical changes that occur during adolescence, including growth in stature and
development of secondary sexual characteristics. The latter occurs in a series of events that also fol-
lows a predictable pattern, with some individual variation in sequence and timing of onset (between
8 and 13 years in girls and 9.5 and 14 years in boys). Sexual maturation can happen gradually or with
several changes at once. Tanner staging is a sexual maturity rating system used to define physical
measures of sexual development, including breast changes in females, genital changes in males, and
pubic hair changes in both females and males. Tanner staging is commonly used to define the pre-
or peri-pubertal stage of a child at a single point in time (Appendix B). In boys, the first change is
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testicular development followed by penile growth and pubic hair development. In girls, the first change
is breast development followed by the appearance of pubic hair which is then followed by menarche.

Approximately 20% of adult height accrual occurs during puberty, though the pattern of
height accrual can be highly variable. It can be steady growth or periods of rapid growth inter-
spersed with periods of slow growth. The typical pubertal growth pattern involves a phase of
acceleration, followed by a phase of deceleration, and ending with the eventual cessation of
growth with the epiphyseal (growth plate) closure. The timing of the growth spurt varies by sex,
occurring 2 years earlier on average in females than in males, and is impacted by sexual develop-
ment. Therefore, a child’s Tanner staging can provide clues regarding the timing of an expected
acceleration in growth.

Peak height velocity is reached in boys between Tanner stages 4 and 5 while in girls it is high-
est between stages 3 and 4 and is followed by menarche. Menarche can occur between 10 and
16.5years. After menarche, the average height gain is about 2.75 inches (~7cm) and can be even
greater for girls who menstruate on the early side of normal. Growth typically ceases about 2 years
after menarche. Early onset of puberty, and subsequent earlier peak height velocity, can lead to
transient periods of tall stature when compared to same-age peers but is typically associated with
reduced overall adult height accrual. The major sex differences in height are established during
puberty, with a final average height difference of 4.9 inches (~12.5) cm between males and females
in the general population. See Appendix B for more information about Tanner staging.

MEASUREMENT OF GROWTH

Surveillance through regular measurements of growth is an important tool to monitor the health
of children. While a normal growth pattern does not guarantee overall health, atypical growth can
reflect nutritional insults and can be the presenting sign of systemic illness. Accurate measurements
of growth are essential for growth assessment. Growth can be measured in two ways: (1) current,
attained growth relative to same-age peers, and (2) growth velocity, which reflects the change in a
growth parameter over time.

WEIGHT

Weight should be obtained naked for infants less than 2 years of age, and with only light clothing
without shoes for older children. Measurements should be repeated two to three times and used to
calculate an average value (Tables 1.1-1.3). Whenever possible, subsequent weights should be mea-
sured using the same scale to improve accuracy. This measurement can be plotted on a standard-
ized growth chart (Appendix A), as described below, to assess a child’s weight relative to same-age
peers. Wheelchair scales can also be used for patients that are unable to stand unsupported. This can
be done by recording the weight of the empty wheelchair followed by weighing the patient in the
wheelchair. The difference between the weight of the patient in the wheelchair and the wheelchair
alone is the patient’s weight.

For hospitalized patients, weight should be measured daily for preterm and term infants and
at least weekly for older children. Patients with nutrition and growth concerns may require daily
weights, including older children. For patients seen in the outpatient setting, weight should be mea-
sured minimally every 3 months for infants and yearly for children. More frequent weights may be
needed in the outpatient setting as well for patients with nutrition and growth concerns.

LENGTH AND HEIGHT

Length, as opposed to a standing height, is used for children <2 years of age,<85cm, and/or unable
to stand. Length can be obtained using an infant measuring board or measuring mat (Table 1.4) but
should not be measured using a tape measure or by marking the infant’s length on an exam table.
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TABLE 1.1
Weight Measurement (0-2 Years)
Material required Calibrated Electronic Infant Scale (0-20kg maximum)
Measuring Position Recumbent
Step 1 Undress infant down to a dry disposable diaper or nude
Step 2 Zero scale
Step 3 Place infant on scale face up, laying on back
Step 4 Read measurement to the nearest 0.01 kg
TABLE 1.2
Weight Measurement (Age>2 Years)
Material required Calibrated Beam Balance or Digital Scale
Measuring Position Standing
Step 1 Remove shoes and any outerwear or heavy garments
Step 2 Zero scale
Step 3 Child stands on scale
Step 4 Read measurement to the nearest 0.1 kg
TABLE 1.3
Weight Measurement for Children (Age>2 Years) Who Cannot Stand Unsupported
or Are Reluctant to Be Weighed
Material Required Calibrated Beam Balance or Digital Scale
Measuring Position Child held by caregiver
Step 1 Remove shoes and any outerwear or heavy garments from both caregiver and child
Step 2 Zero scale
Step 3 Caregiver stands on scale alone
Step 4 Read measurement nearest 0.1kg. Note this weight
Step 5 Caregiver then holds child. Weigh both caregiver and child
Step 6 Read measurement to the nearest 0.1kg. Subtract weight of caregiver alone from weight
of caregiver and child to determine child’s weight
TABLE 1.4

Length Measurement (Age 0-2 Years and Patients Unable to Stand But Able to Lie Flat)

Material Required

Measuring Position

Additional Requirements

Step 1

Step 2

Step 3

Calibrated Infantometer or Length Board

Recumbent

2-person measuring technique

Person 1 — Position head against the headboard. Align the inner ear canal to bottom of eye
orbit (Frankfort plane) parallel to the headboard

Person 2 — Straighten and stretch the legs so that knees lay flat against the board. Flex feet
and place flat against the foot board at a 90° angle

Person 2 — Read measurement to the nearest 0.1cm
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Height, used for children>2 years of age, should be obtained with the child standing upright with-
out shoes and looking straight ahead (Table 1.5). Similar to weight, these measurements should be
repeated two to three times and used to calculate an average and can be plotted on standardized
growth charts to compare a child’s height to same-age peers (Appendix A). Height velocity demon-
strates the rate of height accrual over time and requires a change in height over a period of at least
6 months to be calculated accurately. In certain patients, alternate measurements may be taken to
estimate height as indicated (Tables 1.6—1.8). Serial measurements can be helpful in determining if
a patient is demonstrating linear growth. These alternate height measurements should not be used to
calculate BMI or ideal body weight (IBW) as they are only an estimate of actual height.

In the hospital setting, length/height should be measured weekly for preterm infants, monthly
for term infants and younger children, and at least every 3 months for children 10 years and older. In
the outpatient setting, length/height should be measured every 3 months for children under 2 years
of age and at least annually for older children. More frequent length/height measurements may be
necessary for patients with nutrition and growth concerns.

TABLE 1.5
Height Measurement Using Stadiometer (Age>2 Years)

Material Required Stadiometer
Measuring Position  Standing

Step 1 Remove shoes and all hair pieces including hats
Step 2 Align heels, buttocks, shoulder, and head against the stadiometer with arms resting at side
Step 3 Position head with the inner ear canal and bottom of eye orbit (Frankfort plane) parallel to
the floor ensuring a straight spine
Step 4 Lower stadiometer paddle until it rests on the top of the head
Step 5 Read measurement to the nearest 0.1 cm
TABLE 1.6
Knee Height Measurement (Age>6 Years)
Material Required Knee Height Calipers
Measuring Position Sitting upright in chair or laying supine on table. May use right or left leg
Indications Patient unable to stand or lie flat on length board. Used for patients without Cerebral Palsy
(CP) or Neurological Indication (NI) OR patients with CP or NI from ages 12 to 18 years
Step 1 Person to remove socks and shoes. Roll pants up past knee or remove
Step 2 Position knee at 90° angle
Step 3 Place the lower blade of the knee height caliper under heel and the upper blade on the thigh
directly above the head of the fibula bone which is about 1-1.5 inches back from the tip of the
knee
Step 4 Align shaft of knee height caliper with leg and apply slight pressure
Step 5 Read measurement to the nearest 0.1 cm
Step 6 Use knee height measurement in appropriate equation to estimate height

Knee Height Equations for 0-12 years:

Stature (cm)=[Knee Height (cm)x2.68]+24.2

Knee Height Equations for Males:

White Male 6-18 years: Stature (cm)=[Knee Height (cm)x2.22]+40.54
Black Male 6-18years: Stature (cm)=[Knee Height (cm)x2.18]+39.60
Knee Height Equations for Females:

White Female 6-18 years: Stature (cm) = [Knee Height (cm)x2.15]+43.21
Black Female 6-18 years: Stature (cm)=[Knee Height (cm)x2.02]+46.59
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TABLE 1.7

Tibial Length Measurement (Age 0-12 Years)

Material Required Knee Height Calipers or Measuring Tape

Additional Requirements Marking Tool (Pen or Marker)

Measuring Position Sitting upright in chair or laying supine on table. Measure right leg

Indications Patient unable to stand or lie flat on length board. Used for patients without CP or NI OR
patients with CP or NI from ages 0 to 12 years

Step 1 Person to remove socks and shoes. Roll pants up past knee or remove

Step 2 Locate the superior surface of the medial condyle (indent where the tibia meets the femur)
and mark skin

Step 3 Locate the distal tip of the malleolus (bony prominence on side of ankle) and mark skin

Step 4 Place the fixed blade of the Knee Height caliper on the malleolus landmark and measure

the distance to your second mark with the shaft running parallel to the axis of the leg. A
measuring tape may also be used

Step 5 Read measurement to the nearest 0.1 cm
Repeat Steps 4 through 5 twice and use average measurement
Step 6 Use tibial length measurement equation to estimate height
Tibial Length Equation:

Tibia Length (TL): Stature (cm)=[3.26XTL (cm) ]+30.8

TABLE 1.8
Arm Span Measurement (Age >6 Years)
Material Required =~ Measuring Tape

Measuring Position  Sitting upright or standing

Indications Patient unable to stand or lie flat on length board. Used for patients without CP or NI OR
patients with CP or NI from ages 6 to 18 years

Step 1 Extend both arms outward

Step 2 Position at 90° angle from torso

Step 3 Measure distance from middle fingertip on left hand to middle fingertip on right hand.
Two persons may be required to measure distance

Step 4 Read measurement to the nearest 0.1 cm

Step 5 Arm span measurement is the estimated height measurement

Heap CIRCUMFERENCE

Head circumference serves as a reflection of brain growth. It should be measured around the head
parallel to the floor with the tape just above the eyebrows in front and around the most prominent
portion of occiput (Table 1.9). Standardized head circumference charts can be used to assess a
child’s head circumference compared to the median for age and gender (Appendix A). Head cir-
cumference typically increases approximately 1 cm/month during the first year of life, with the
most rapid growth during the first 6 months of life. Most head growth is complete by 4 years of age.

Head circumference should be measured for infants and children until 2years of age, and in
older children as needed. In the hospital setting, it should be measured monthly and at least every
3months in the outpatient setting. More frequent measurements may be indicated in patients with
nutrition and growth concerns.
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TABLE 1.9
Head Circumference Measurement (Age 0-36 Months)
Material Required Measuring Tape

Measuring Position ~ Recumbent

Step 1 Lay infant flat on table face up. Remove braids and hair ornaments that will interfere with
measurement
Step 2 Place measuring tape securely around the widest circumference of the infant’s head.

Typically, this is one to two finger widths above the eyebrow on the forehead and across
the most prominent part of the back of the head
Step 3 Read measurement to the nearest 0.1 cm

Boby Mass INDEx (BMI)

BMI is a measure of proportionality and demonstrates how well a child’s weight and height corre-
late with each other. It is calculated using weight (in kg) and height (in meters) using the following
formula:

BMI = body weight + height”

BMI can vary based on age, gender, and pubertal stage and is used as the clinical standard for diag-
nosing obesity in children 2 years of age and older. BMI is typically normal in children who have
constitutional growth delay or familial short stature. A BMI less than the 5th percentile or greater
than the 85th percentile may demonstrate that a child is underweight or overweight, respectively.
Alternate height measurements should not be used to calculate BMI. Indices of body proportional-
ity are valuable in the assessment of overall nutrition status, and the indices typically used are the
ratio of weight to length (typically expressed as a percentile or a z-score) and BMI. Traditionally,
weight-for-length z-score is used in children under the age of 2years and BMI-for-age z-score
beyond that age. However, BMI-for-age z-scores are available in children under 2 and can be used
with the caveat that inaccuracy in length measurements (that are unfortunately common in infants)
can change the BMI-for-age z-score more than it changes the weight-for-length z-score.

Mip-Urper ARM CircUMFERENCE (MUACQC)

MUAC is an anthropometric measurement that measures both fat mass and fat-free mass.
Measurements are compared to age- and gender-based standards and reflected as a percentile or
z-score based on population norms. MUAC is a tool that predicts pediatric malnutrition due to
undernutrition. MUAC measurement is an inexpensive procedure and requires minimal equipment
(Table 1.10). In specific patient populations, where weight may be skewed by fluid retention, perito-
neal dialysate, casts, or other medical devices, the use of MUAC is preferred over weight-for-length
or BMIL

MUAC should be frequently measured for infants and children that are at risk of malnutrition.
Clinically significant changes in MUAC can often be noted on a monthly basis. Z-scores can be
calculated for patients 6—60 months old using WHO reference data or reference tools such as pedi-
tools.org. For patients 6years and older, MUAC can be compared to normative data to determine
percentiles or z-scores (Appendix C).
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TABLE 1.10

Mid-Upper Arm Circumference Measurement (MUAC) (Age >3 Months)

Material Required Measuring Tape

Measuring Position Standing or sitting upright. Arm measured depends on data set used for comparison (left
arm for WHO data set, right arm for Addo data set). If using the reference in Appendix
C, use the right arm.

Additional Requirements Marking Tool (Pen or Marker)

Step 1 Position person standing with weight equally distributed on both feet or sitting in position
where arm hangs free. If measuring an infant, position upright and held by caregiver

Step 2 Flex the arm at the elbow to a 90° angle with palm face up

Step 3 Measure upper arm length from the tip of the acromion (tip of the shoulder blade) to the
tip of the olecranon (tip of the elbow)

Step 4 Divide the measurement in half to find the mid-point and mark. Release 90° angle

Step 5 Extend arm down, gently shaking to ensure it is relaxed

Step 6 Place measuring tape around the arm at the mid-point mark. Support tape near the back of
the arm and hold without pinching or gaping

Step 7 To read measurement, place one end of the tape above the mark and the other end below
the mark

Step 8 Read measurement to the nearest 0.1 cm

Repeat Steps 5 through 8 twice and use average measurement

ADDITIONAL GROWTH MEASUREMENTS

Additional growth measurement techniques may be used in specific patient populations. They can
be particularly helpful in determining the nutrition status of patients with fluid retention, patients
with enlarged organs (i.e., liver failure), and patients with large tumors.

SKINFOLD THICKNESS

Skinfold thickness measures subcutaneous body fat and is an indicator of total body fat composition.
Triceps skinfold (TSFT) measures subcutaneous fat on the limbs and subscapular skinfold (SSFT) mea-
sures subcutaneous fat on the body trunk (Tables 1.11 and 1.12). Skinfold thickness varies based on age
and gender with assessment of measurement based on median and standard deviations of the popula-
tion. TSFT measurement is the most common and correlates with estimates of total body fat in women
and children whereas SSFT is shown to be the best predictor of total body fat in men. TSFT and SSFT
are not indicated as short-term measurements of fat stores. Skinfold thickness may not reflect total body
fat stores and may not correlate with visceral fat deposits surrounding internal organs.

Measurement of MUAC and skinfold thicknesses can be dependent on the person doing the mea-
surements. It is important that dietitians acquire and maintain these measurement skills through
consistent practice. Z-scores can be calculated using WHO reference data or reference tools such as
peditools.org. For patients 6 years and older, TSFT can be compared to normative data to determine
percentiles or z-scores.

HANDGRIP STRENGTH

Handgrip strength is measured by the amount of static force that a hand can squeeze around a
dynamometer device (Table 1.13). It is a predictor of nutrition status and a marker of muscle quality.
Normative data for handgrip strength is available and stratified by gender and age (see Bohannon
et al in references). Static force measurements indicate if an individual has weak, normal, or strong
hand strength based upon stratified norms. Analysis demonstrates that males at all ages show higher
grip strength than females with grip strength peaking in all genders in the fourth decade of life.
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TABLE 1.11

Triceps Skinfold Measurement (Age>6 Years)

Material Required
Measuring Position
Additional Requirements
Step 1

Measuring Tape and Triceps Skinfold Caliper

Standing or sitting upright. Measure right arm (using WHO comparative data)

Marking Tool (Pen or Marker)

Position person standing with weight equally distributed on both feet or sitting in position
where arm hangs free. If measuring an infant, position upright and held by caregiver

Step 2 Flex the arm at the elbow to a 90° angle with palm face up

Step 3 Measure upper arm length from the tip of the acromion (tip of the shoulder blade) to the tip
of the olecranon (tip of the elbow)

Step 4 Divide the measurement in half to find the mid-point and mark. Release 90° angle

Step 5 Extend arm down, gently shaking to ensure it is relaxed

Step 6 Above the mid-point mark, use your thumb and middle finger to lift the fold of fat and skin
away from the underlying muscle tissue

Step 7 ‘While holding skinfold, open calipers and place the tips just below the fingertips and
release the calipers to begin measuring

Step 8 Open calipers and remove from arm then release skinfold

Repeat Steps 5 through 8 twice and use average measurement
TABLE 1.12

Subscapular Skinfold Measurement (Age>6 Years)

Material Required

Measuring Position

Skinfold Caliper
Standing or sitting upright

Step 1 Position person standing or sitting upright and facing away from you with arms at their side

Step 2 Position person’s arm behind their back by bending the arm at the elbow and placing arm
on back with palm of hand facing out. This position aids in locating the scapula

Step 3 Locate the scapula and find the most inferior point of the scapula called the inferior angle.
Mark this point as your skinfold site

Step 4 Pinch at the skinfold site which runs diagonally. Place your skinfold caliper about 1 cm
below and to the right of the pinch to measure

Step 5 After 3 seconds take the reading to the nearest 0.2 mm (Holtain®) or 0.5 mm (Lange®)

Step 6 Open calipers and remove from back then release skinfold

Repeat Steps 4 through 6 twice and use average measurement
TABLE 1.13

Handgrip Strength Measurement (Age> 6 Years)

Material Required ~ Handgrip Dynamometer

Measuring Position  Sitting upright in chair, measure both right and left hands

Step 1 Adjust grip size of the dynamometer by turning silver knob of the device until the second joint of the
index finger is at a 90° angle of the handle

Step 2 Position person sitting upright in chair with back supported and feet flat on the floor

Step 3 With dynamometer in hand, place elbow at side and bend arm at a 90° angle

Step 4 Instruct patient to squeeze dynamometer as hard as possible and hold for three seconds then release.

There is a tendency to straighten or curl arm when squeezing, ensure person keeps arm at a 90° angle

Step 5 The dynamometer will output a force measurement in kilograms or pounds

Step 6 Repeat with opposite hand
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Handgrip strength and BMI have been loosely correlated with underweight and overweight indi-
viduals having lower grip strength than normal weight individuals.

INTERPRETING GROWTH MEASUREMENTS

Growth charts are an essential tool in pediatric growth assessment. They allow the dietitian to plot
measurements over time, view trends, and compare patients to normative data.

STANDARD GROWTH CHARTS

Growth charts are used to compare anthropometric measurements against age, gender, and pop-
ulation standards (Appendix A). Percentile ranges and standard deviation z-scores are used to
assess both short-term nutrition status and long-term growth trends. In children, weight-for-length,
BMlI-for-age, and length/height-for-age z-scores are utilized to diagnose malnutrition based on
undernutrition (Chapter 10). Overnutrition is based on BMI percentiles (Chapter 25).

Serial anthropometric measurements are an essential component of nutrition assessment.
Although some information can be gathered from measurements at a single point in time, histori-
cal measurements help the dietitian understand the child’s growth pattern and determine if there is
concern for growth faltering (Figure 1.1). Whenever possible, the dietitian should obtain historical
data to accurately assess a child’s growth pattern.

Age-appropriate weight gain standards are based on WHO growth chart data from O to 24 months
and Centers for Disease Control and Prevention (CDC) growth chart data from 2 to 18years
(Table 1.14). When assessing a child’s growth, the dietitian can compare current weight gain velocity
and linear growth velocity to the standards to determine if a patient is growing appropriately. This is
especially useful in assessing acute changes (<3 months) in the hospital or outpatient setting, as these
changes may be more difficult to discern from the growth chart alone. Length velocity norms are
available on the WHO website free of charge (https://www.who.int/tools/child-growth-standards).

WHO vs. CDC GROWTH CHARTS

In the USA, the WHO growth chart is recommended from birth to age 24 months. In 2006, the
WHO released updated international growth standards which defined normal growth for children
living in environments that supported optimal development. The USA was one of the six countries
to be included in the data set. WHO growth charts establish growth of a breastfed infant as the norm
and provide a better description of physiological growth in infancy than the alternative CDC growth
charts for infants.

The CDC recommends transition to the CDC growth chart for children aged 2years and older.
Of note, this recommended approach of transitioning between growth chart standards can lead to
shifts in growth percentiles for children at age 2 years. The WHO growth chart for older children
is, however, available to provide information up to age five. For children from 2 to Syears of age,
similar methods were used to collect data in both the WHO and CDC populations.

SPECIALTY GROWTH CHARTS

For specific populations where standard growth is not the norm, specialty growth charts are used to
assess nutrition status. Conditions that alter growth that may require specific growth charts include
chromosomal disorders, genetic disorders, and neurological disorders that impair ambulation.
Infants born preterm also require population-specific growth charts (Chapter 12). See Chapter 21
for more information on assessing growth in special populations.
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FIGURE 1.1 (a and b) Serial measurements of growth. These figures demonstrate the importance of serial
anthropometric measurements using fictional infant boys. Patients A and B have the same weight and length
measurements at 12 months of age. However, the historical data shows that Patient A has been following his
growth curve since birth, tracking along the 3rd percentile for weight-for-age and length-for age. In contrast,
Patient B has deviated from his growth curve. His weight-for-age percentile has slowly decreased from the
90th percentile at birth to the 3rd percentile at 12months. His length-for-age percentiles followed a similar
trajectory, decreasing from the 95th percentile at birth to the 3rd percentile at 12 months. Serial anthropo-
metric measurements help the dietitian visualize growth patterns and identify patients with alterations in
the growth patterns. When assessing infant growth, it is also important to track weight-for-length and head
circumference-for-age, which are not included in these figures.

Z-SCORES

On a growth chart, a z-score (otherwise called a standard deviation score) is defined as a score that
indicates how far a measurement is away from the mean score, which is a z-score of zero. This score
is utilized to assess nutrition status, monitor anthropometric trends, and diagnose malnutrition due
to undernutrition. Z-scores are more precise than percentile ranges and are recognized as the gold
standard for analysis of anthropometric data. Healthy children typically grow parallel to the mean
line, but minor variations in z-scores are incredibly common and growth chart assessment is a
skill that is learned over time. However, children who are at risk of malnutrition will demonstrate
a decline of z-score lines. Z-scores outside+2 and —2, which reflect scores that are two standard
deviations above and below the median respectively, are likely to be abnormal. Malnutrition due
to undernutrition in the pediatric population is diagnosed by z-scores for weight-for-length, BMI,
length-for-age, or height-for-age (Chapter 10).
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TABLE 1.14
Weight Velocity in Children (50th Percentile)

0-24 months (g/day)

Age (months) Male Female
0-3 27-40 24-34
3-6 14-21 13-20
6-9 8-12 9-11
9-12 8-9 8
12-15 7 6-7
15-18 7 6-7
18-21 6-7 6-7
21-24 6 6

2-18years (g/month)

Age (years) Male Female
2-3 138 151
34 158 161
4-5 180 178
5-6 191 192
6-7 199 210
7-8 215 239
8-9 243 280
9-10 282 325
10-11 330 360
11-12 381 370
12-13 427 348
13-14 451 295
14-15 440 224
15-16 387 153
16-17 304 104
17-18 219 87

Source: Table created using data from WHO weight velocity charts
(https://www.who.int/tools/child-growth-standards/standards/weight-
velocity) using the medians for weight gain at 1-, 2-, and 3-month
intervals and Danner E, Joeckel R, Michalak S, Phillips S, Goday P.
Weight Velocity in Infants and Children. Nutr Clin Pract. 2009; 24:
7679.

ADDITIONAL GROWTH ASSESSMENT TOOLS
MiD-PARENTAL HEIGHT

Adult heights of both parents, along with parental patterns of growth in childhood, strongly influ-
ence their child’s growth velocity and ultimate height. An estimate of a child’s adult height potential
can be obtained by calculation of the mid-parental height (MPH). MPH can be calculated using the
following formulas:

MPH for females (cm) = Average of parents’ heights in cm — 6.5
MPH for males (cm) = Average of parents’ heights in cm + 6.5
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A child’s final height typically falls within 2 standard deviations above or below the calculated
MPH. Children growing outside of this range may have impaired linear growth due to malnutrition
or other causes.

IDEaL Boby WEIGHT

The percent of IBW is another method of assessing proportionality. IBW is used in some patient
populations to determine nutrition risk or calculate nutrient needs. For infants 0—24 months old,
the IBW is the 50th percentile for the infant’s age on the weight-for-length chart. For children
2-18years old, the ideal BMI is the 50th percentile for the child’s age on the BMI-for-age chart. This
must then be converted into IBW by multiplying by the square of the height (m?).

WEIGHT AGE AND HEIGHT AGE

Weight age is a tool that dietitians can use for patients that are underweight (Figure 1.2). To deter-
mine weight age, on the growth chart follow the patient’s current weight horizontally to the 50th per-
centile. At the 50th percentile, looking vertically, find the corresponding age, which is the patient’s
weight age. Weight age can help the dietitian visualize the size of the patient. It can also be used
to set weight gain goals that will result in catch-up growth. Height age can be calculated using the
same method on the length-for-age or height-for-age chart (Figure 1.2); follow the patient’s current
length or height horizontally to the 50th percentile and then follow this vertically to determine their
length or height age. Height age is useful in determining nutrient needs in patient-specific medical
conditions, including renal disease (see Chapter 20).

DIAGNOSIS OF UNDERWEIGHT AND OVERWEIGHT

Children who are malnourished due to undernutrition are diagnosed using multiple criteria includ-
ing current anthropometric data, anthropometric changes, and reported oral intake. Anthropometric
data expressed in z-scores aid in classifying degree of undernutrition. Malnutrition criteria assess
weight trends when evaluating degree of severity; thus, not all patients who are undernourished are
underweight for age or height.

When a child is malnourished, her weight is affected first. She will demonstrate weight loss
or slow weight gain that results in a decrease in weight-for-age z-score. If malnutrition is not
corrected, linear growth will begin to falter. This will result in decreased length-for-age or
height-for-age z-scores. The weight-for-length or BMI-for-age z-score may improve, but this is due
to the decreasing length- or height-for-age percentile, not correction of malnutrition. If malnutri-
tion is not corrected, this may also result in slowing of brain growth leading to decreased head
circumference z-scores. See Chapter 10 for more details about the effects of pediatric malnutrition
on growth and development.

Diagnosis of overweight and obese patients in the pediatric population is determined by BMI percen-
tiles as greater than the 85th percentile or greater than the 95th percentile, respectively. At this time, no
definition exists for overweight or obesity in children 0—24 months of age. For this population, the patient
would be diagnosed with rapid weight gain or above-expected weight gain velocity for age. For more
details on diagnosis overweight and obesity, see Chapters 10 and 25.

Growth assessment is an essential component of a thorough nutrition assessment for all pediatric
patients. Monitoring weight, length or height, and other anthropometric measurements provides
important insight into nutrition status and nutrient needs. Serial measurements are beneficial in
identifying trends over time and allow the dietitian to intervene when patients are not following
their growth curves. Information gathered and calculated in the growth assessment can be used in
the nutrition diagnosis, nutrition prescription, and nutrition intervention. Patients requiring nutrition
reassessment will also require reassessment of growth status.
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Length
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Birth months months months months

FIGURE 1.2 Weight age and height age.
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The nutrition-focused physical exam (NFPE) is a valuable part of a thorough nutrition assessment.
The primary techniques used to assess fat stores and muscle mass in pediatrics are inspection and
palpation. Inspection includes a general observation of the patient’s physical appearance. The dieti-
tian should observe color, texture, size, and symmetry of body parts. Palpation requires hands-on
examination of the body to evaluate texture, temperature, muscle rigidity, and skin hydration.

From birth to 6 months of age, the percentage of fat in the body significantly increases from
14% to 26% of body weight. It can be difficult to distinguish between fat and muscle stores in
young children. When assessing general wasting in infants, fat stores and muscle mass are typically
assessed together. There is subjectivity when evaluating the degree of depletion. Dietitians should
become comfortable completing the NFPE and use clinical judgment when completing the exam. It
is important to rule out any non-nutritive wasting that may be related to a disease or deconditioning
as this differs from depletion related to malnutrition.

The NFPE should be interpreted within the context of the full clinical picture (including
medical history, growth trends, nutrient intake, functional status, and biochemical data) and
is part of a complete nutrition assessment. The NFPE should be re-evaluated at each nutrition
reassessment.

PERFORMING A HEAD-TO-TOE NUTRITION-FOCUSED PHYSICAL EXAM

The NFPE is part of a thorough nutrition assessment and can be completed in clinical and commu-
nity settings. The dietitian interviews the patient to collect nutrition-related information and to help
identify baseline body composition as a comparison. Prior to the NFPE, the dietitian should explain
what will be evaluated and assess the patient’s level of comfort with the examination. The NFPE
can be completed while interviewing the patient. For example, as you examine the oral cavity, ask if
the patient has experienced any issues such as difficulty chewing or taste changes.
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FIGURE 2.2 Midaxillary line and rib region. (Reprinted with permission, Cleveland Clinic Center for
Medical Art & Photography ©2021. All Rights Reserved.)
To complete an accurate NFPE, the dietitian must be able to discern between different muscle
and fat regions in the body (Figures 2.1-2.3).
To begin the exam, complete a general inspection of the child to identify any obvious
underweight/overweight status or asymmetric features. Distinguishing between patients who have

the genetic predisposition to be thin versus those who are malnourished is imperative. Ask ques-
tions about family history and use anthropometric assessments such as mid-parental height to aid
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Orbital
Fat Pad

FIGURE 2.3 Orbital fat pad and temporalis muscle region. (Reprinted with permission, Cleveland Clinic
Center for Medical Art & Photography ©2021. All Rights Reserved.)

in your assessment (Chapter 1). If able, properly position the patient to perform the exam (see the
examination section of this chapter). Remove any objects such as blankets or clothing that may be
obstructing your view. Wound dressings or restraints may limit the dietitian’s ability to complete
a full exam and should be noted in the documentation. To ensure a comprehensive physical exam,
examine the patient from head to toe while using appropriate techniques to identify subcutaneous
fat and muscle mass depletion and signs of micronutrient deficiency. Hollow cheeks, prominent
ribs, and flat or baggy buttocks are signs of subcutaneous fat loss. Bone protrusion and hollowing of
muscles are suggestive of muscle depletion (Tables 2.1-2.8). In general, physical examination find-
ings of micronutrient toxicities are rare.

ExaMINATION OF THE HEAD AND FACE

TABLE 2.1
Common NFPE Findings of the Head and Face

Orbital Region (Orbital Fat Buccal Region (Buccal Fat Temple Region (Temporalis

Pads) Pads) Muscle)
Normal Slightly bulging fat pads Full, round cheeks ‘Well-defined muscle, flat
Mild-to-moderate Slightly dark circles, somewhat Flat cheeks, minimal bounce Slight depression
malnutrition hollow
Severe malnutrition Dark circles, hollow Hollow, sunken cheeks Deep hollowing/scooping

appearance, loose saggy skin
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TABLE 2.2
Photos of the Head and Face

Infant Older Child

Normal

Mild-to-moderate malnutrition

Severe malnutrition

Source: Reprinted with permission, Cleveland Clinic Center for Medical Art &
Photography ©2021. All Rights Reserved.

TABLE 2.3
Exam Tips for Head and Face
Orbital Region (Orbital Fat Pads)  Buccal Region (Buccal Fat Pads) Temple (Temporalis Muscle)

Positioning ~ Frontal view Frontal view Frontal and lateral views
Technique Lightly palpate above cheekbones Lightly palpate around buccal area Palpate temple area
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TABLE 2.4

Common NFPE Findings of the Upper Body

Clavicle Bone Region

Upper Arm Region (Area (Pectoralis Major, Acromion Bone Region
under the Triceps Muscle) Trapezius) (Deltoid Muscle)
Normal Arms full and round, ample Clavicle may be visible but Rounded curves at arms,
fat tissue not prominent shoulders, and neck
Mild-to-moderate malnutrition ~ Some depth to pinch, not Clavicle shows some Acromion process slightly
ample protrusion protruded, shoulders not
square
Severe malnutrition Very little space between Clavicle protrudes and Shoulder-to-arm joints
fingers shows prominence squared, bones prominent
TABLE 2.5
Photos of the Upper Body
Infant Older Child

Normal

Mild-to-moderate malnutrition

Severe malnutrition

Source: Reprinted with permission, Cleveland Clinic Center for Medical Art &
Photography ©2021. All Rights Reserved.
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TABLE 2.6
Exam Tips for Upper Body
Upper Arm Region Clavicle Bone Region
Positioning Arm bent at 90° Upright position
Technique Pinch tissue and roll between Observe and palpate line
thumb and fingers to around the clavicle bone

differentiate between muscle
and fat

Acromion Bone Region
Upright position with arms at
side
Observe shape from front and
back

EXAMINATION OF THE UPPER BACK (MUSCLE)

TABLE 2.7
Common NFPE Findings of the Upper Back

Scapular Bone and Spine Regions (Trapezius, Infraspinatus, Supraspinatus,

Latissimus Dorsi, and Spine)

Normal Bones not prominent; no depressions
Mild-to-moderate malnutrition Mild depression around scapula; spine or bones may show slightly
Severe malnutrition Prominent visible scapula; spine depression is significant

TABLE 2.8

Photos of the Upper Back (Muscle)

Infant

Normal

Mild-to-moderate malnutrition

Severe malnutrition

Older Child

Source: Reprinted with permission, Cleveland Clinic Center for Medical Art &

Photography ©2021. All Rights Reserved.
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Exam Tips for the Upper Back

Have the patient push forward on object or use your hand as support for the patient to push against
(Figure 2.4). If the patient is unable to sit or stand, ask the patient to roll to the side extending arms
as able and push against a solid object (Figure 2.5). For infants, the caregiver or dietitian should hold
infant in an upright position for this assessment (Figure 2.6).

[ o |
&d
Cleveland
Clinic
©2018

FIGURE 2.4 Positioning child for upper back exam (standing). (Reprinted with permission, Cleveland
Clinic Center for Medical Art & Photography ©2021. All Rights Reserved.)

FIGURE 2.5 Positioning child for upper back exam (side lying). (Reprinted with permission, Cleveland
Clinic Center for Medical Art & Photography ©2021. All Rights Reserved.)
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FIGURE 2.6 Positioning infant for nutrition-focused physical exam. (Reprinted with permission, Cleveland
Clinic Center for Medical Art & Photography ©2021. All Rights Reserved.)

EXAMINATION OF THE RiBs/MIDAXILLARY LINE (FAT)

Examination Tips for Ribs/Midaxillary Line

For infants, the caregiver or dietitian should hold the patient in an upright position for this
assessment. For older children, have the patient press their hands against a solid object (Tables
2.9 and 2.10).

TABLE 2.9
Common NFPE Findings of the Ribs/Midaxillary Line
Thoracic and Lumbar Region (Ribs, Lower Back, Midaxillary Line at Iliac Crest)
Normal * Chest is full and round with ribs not evident
* Minimal ability to visualize the iliac crest

Mild-to-moderate malnutrition * Ribs are apparent with slightly visible depressions between them
* Iliac crest is slightly visible

Severe malnutrition * Progressive prominence of ribs with loss of intercostal tissue
e Tliac crest is very visible
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TABLE 2.10
Photos of the Ribs/Midaxillary Line

Infant

Normal

Mild-to-moderate malnutrition

Severe malnutrition

Older Child

Source: Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©2021. All Rights Reserved.

EXAMINATION OF LOWER EXTREMITIES (MUSCLE)

TABLE 2.11

Common NFPE Findings of the Lower Extremities

Anterior Thigh Region

(Quadriceps)
Normal Well rounded, no depressions
Mild-to-moderate Slight depressions
malnutrition
Severe malnutrition Significant depressions

Posterior Calf Region
Patellar Region (Quadriceps) (Gastrocnemius)

Muscle protrudes; kneecap is not Well-developed bulb of

prominent muscle
Kneecap is more prominent Less-developed bulb of
muscle

Kneecap is prominent; little sign Thin, little to no
of muscle around knee muscle definition
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TABLE 2.12
Photos of the Lower Extremities

Infant Older Child

Normal

Mild-to-moderate malnutrition

Severe malnutrition

Source: Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography ©2021. All Rights
Reserved.

TABLE 2.13
Exam Tips for Lower Extremities
Positioning « For infants, have the caregiver hold infant in position for assessment. An exam table can be used for
evaluation as needed (see Figure 2.6)
¢ For older children, ask patient to sit up with leg bent and propped up
If patient is unable to sit up, have them bend knee (while lying down) so that the calf and quadriceps
are off the bed

Technique Grasp quadriceps and calf to distinguish between muscle and fat

EXAMINATION OF LOWER EXTREMITIES (FAT)
This section is only applicable to infants and toddlers.

Examination Tips for Lower Extremities
For infants, the caregiver or dietitian should hold the patient in position for assessment. For older
children, the patient should stand, if able, or sit upright with leg bent and propped (Table 2.14).
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TABLE 2.14
Examination of Lower Extremities

Buttocks (Gluteal Fat Pads)

Normal

Mild-to-moderate malnutrition

Severe malnutrition

evident

Full and round

Slightly curved, but not round

Skin wrinkled in appearance; no fat

Source: Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography

©2021. All Rights Reserved.

EXAMINATION FOR NUTRIENT DEFICIENCIES

25

A physical exam of hair, eyes, mouth, nails, and skin can help identify macro- and micronutri-
ent deficiencies and non-nutrient-related problems that can mimic nutrient concerns. The dietitian
should inspect the body for any nutrient abnormalities that may require nutrition interventions to
correct. Examination of eyes can be done in a well-lit room or with the use of a penlight. Inspect the
skin and nails for color and texture. Palpate the skin to assess temperature, texture, moisture, and
skin turgor. Refer to Freeman et al. in the reference list for photo examples of nutrient deficiencies

(Tables 2.15-2.19).

TABLE 2.15
Nutrition-Focused Physical Exam of Hair

Physical Sign Possible Nutrient Findings

Alopecia, hair thinning, or loss Protein, zinc, biotin, essential fatty

acid, or selenium deficiency

Lightened hair color Copper, selenium, essential fatty
acid, or protein deficiency

Corkscrew hair (arms, legs) Vitamin C deficiency

Lanugo (fine, soft hair like that

of a newborn)

Energy deficiency

Possible Non-Nutrient Causes
Hypopituitarism, hypothyroidism,
cancer treatment, chemical
alterations, infection, psoriasis,
Cushing disease, medication
Chemical alterations (i.e. hair dye)

Chemical alterations
Therapeutic steroid use, endocrine
disorders
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TABLE 2.16

Nutrition-Focused Physical Exam of Eyes

Physical Sign

Pale conjunctiva

Possible Nutrient Findings

or copper deficiency)

Burning, itching eyes with photophobia Riboflavin deficiency

Dull, dry membrane with foamy spots

Vitamin A deficiency (Bitot’s spots)

Possible Non-Nutrient Causes

Anemia (iron, folate, and/or vitamin B,, Low cardiac output

Allergies and eye infections
Gaucher disease

TABLE 2.17

Nutrition-Focused Physical Exam of Nails

Physical Sign
Spoon-shaped nails (koilonychia)

Lackluster, dull nails
Mottled, pale nails; poor blanching

Iron deficiency

Protein deficiency
Vitamin A or C deficiency

Possible Nutrient Findings

Possible Non-Nutrient Causes

Trauma; hereditary or environmental
factors; hematologic conditions;
diabetes

Trauma, environmental factors

Poor circulation

TABLE 2.18

Nutrition-Focused Physical Exam of Oral Cavity

Physical Sign
Dry, cracked, red lips

Bleeding gums

Dry mouth
Inflamed mucosa

Glossitis (inflammation of tongue, red/magenta in
color)

Beefy red tongue

Poor dentition

Possible Nutrient Findings
Riboflavin, niacin, or pyridoxine
deficiency
Vitamin C deficiency

Dehydration, zinc deficiency

Deficiency of multiple B vitamins,
iron, or vitamin C

Niacin, folate, riboflavin, iron,
vitamin B,, or pyridoxine
deficiency

Niacin, folate, riboflavin, iron, or
vitamin B, deficiency

Excessive simple carbohydrate
intake, bulimia

Possible Non-Nutrient Causes

Environmental factors, trauma

Poor oral hygiene, environmental
factors, trauma, hematologic
conditions

Certain medications, cancer
treatments, and systemic diseases

Cancer treatments, poor oral
hygiene

Crohn’s disease, uremia,
malignancy, cancer treatment,
trauma, oral residue from recent
intake of red-colored solids or
fluids

None

Poor oral hygiene
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TABLE 2.19
Nutrition-Focused Physical Exam of Skin
Physical Sign Possible Nutrient Findings Possible Non-Nutrient Causes
Pallor Iron, folate, or vitamin B,, deficiency Trauma, hereditary factors, diabetes,
hypothyroidism
Dry, scaly skin Vitamin A or essential fatty acid deficiency Environmental factors, hygiene-related
factors
Non-healing wounds Zinc, vitamin C, or protein deficiency Cellulitis, environmental factors
Acanthosis nigricans Possible indicator of insulin resistance or type 2 Hormonal disorders, medications,
diabetes cancer (rare)
Hirsutism Obesity, polycystic ovary syndrome Hereditary factors
Dermatitis Essential fatty acid, zinc, niacin, riboflavin, or Allergic reaction, medication, psoriasis,
tryptophan deficiency diaper rash

When a micronutrient deficiency is suspected based on NFPE findings, it is important to
work with the medical team to determine next steps. For most micronutrients, laboratory tests
can be ordered (Table 2.20). If a micronutrient deficiency is confirmed with laboratory testing,
appropriate intervention should be provided and reassessment is indicated to ensure micro-
nutrient stores improve. Labs are most commonly drawn to assess fat soluble vitamin status,
and intervention is based on the results. Apart from vitamin B,,, tests for water-soluble vita-
min deficiencies are less commonly utilized. These vitamins are typically supplemented when
deficiency is suspected since there is minimal risk of toxicity. With regard to minerals, labs to
assess iron status are used in day-to-day practice. Other mineral labs are uncommonly utilized,
except in patients with significant malabsorption, chronic medical conditions, and/or long-term
medication use.

Testing a wide range of vitamins and minerals for deficiency is not recommended due to the lack
of clinical utility with this approach as well as the considerable costs incurred. Targeted vitamin and
mineral studies should be recommended based on findings of the NFPE. It is important to under-
stand the patient’s clinical course when reviewing nutrition labs. For a variety of reasons, the levels
of serum micronutrients decline with metabolic stress or inflammation. This is true in the case of
iron, zinc, selenium, vitamins A, B, C, D, E, and folate. One notable exception to this rule is that
serum copper rises with inflammation due to the fact that serum copper is bound to ceruloplasmin,
which is an acute phase reactant (see Table 2.20).

A thorough NFPE provides valuable information to the nutrition assessment of pediatric patients.
NFPE findings are used to support pediatric malnutrition diagnoses, identify suspected micronutri-
ent deficiencies, and identify muscle wasting and depletion of fat stores. The NFPE is one part of a
complete nutrition assessment and is used in conjunction with growth assessment and assessment
of nutrient intake to determine the overall nutrition status of a patient. NFPE should be repeated as
part of the nutrition reassessment.
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Nutrition screening and assessment are essential steps in the nutrition care of pediatric patients.
Nutrition screening can determine if nutrition risks may be present and can help the dietitian pri-
oritize patient care. Patients with a positive nutrition screen should receive a full nutrition assess-
ment following the Academy of Nutrition and Dietetics (The Academy) Nutrition Care Process
(NCP) Model. The NCP includes nutrition Assessment, Diagnosis, Intervention, Monitoring, and
Evaluation (ADIME). Each of these steps will be covered in detail in this chapter and will be dis-
cussed in subsequent chapters as it relates to each specific disease state or condition.

NUTRITION SCREENING

The purpose of the nutrition screen is to identify those patients who may be at risk for potential
nutrition issues and who warrant further nutrition assessment. This may be due to a preexisting
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nutrition-related issue or an issue that may alter the level of nutrition intervention needed as a dis-
ease state changes. A nutrition risk screen includes parameters which are compared to standards to
determine nutrition risk. The parameters may include, but are not limited to, anthropometric data,
dietary intake, and biochemical data.

A nutrition screening tool (NST) may be broad or general in nature; it should be cost effective and
of minimal risk to the patient. Some may be used upon admission to an acute care setting or be specific
to a disease state, such as cancer, cerebral palsy, or cystic fibrosis. The NST is designed to assign a
level of nutrition risk: from the lowest risk which may not require any nutrition evaluation to the high-
est risk needing immediate nutrition evaluation. The NST may be administered by a qualified member
of the healthcare team such as a dietitian, Registered Nurse (RN), or Dietetic Technician Registered
(DTR). It is recommended that the NST tool used by an institution be valid and reliable. The ultimate
goal of the nutrition screen is to promote interventions that lead to improved health outcomes.

PeDIATRIC NUTRITION SCREENING ToOLS

There are a number of pediatric screening tools available. These tools can be used for inpatient use,
others for outpatient use, and can be disease specific. Common tools used to screen for nutrition risk
are listed in Tables 3.1 and 3.2.

TABLE 3.1
Pediatric Nutrition Screening Tools for Inpatient Use

Pediatric Screening Tools for Inpatient Use Intended Use

IMCI: Integrated Management of Childhood Illness Developed by WHO/used in developing countries by health
care workers

STAMP: Screening Tool for the Assessment of Malnutrition ~ For children from 2 to 17 years — can also be used for repeat
screening

Modified version of STAMP for <2-17 years — screens for

both under- and overnutrition

PMST: Pediatric Malnutrition Screening Tool

PNRS: Pediatric Nutrition Risk Score

PNST: Pediatric Nutrition Screening Tool

PYMS: Pediatric Yorkhill Malnutrition Score

STRONGkids: Screening Tool for Risk on Nutrition Status
and Growth

For children >1 month old, at risk for acute malnutrition

Designed to improve simplicity of screening

For children >1 year old

For children, to lessen the complexity of previous screening
tools

TABLE 3.2
Pediatric Nutrition Screening Tools for Outpatient Use

Pediatric Screening Tools for Outpatient Use

NRST-CF: Nutrition Risk Screening Tool for Children and
Adolescents with Cystic Fibrosis

SCAN: Nutrition Screening Tool for Childhood Cancer

STAMP-Modified: Screening Tool for the Assessment of
Malnutrition in Pediatrics

E-KINDEX: Electronic Kids Dietary Index

NutriSTEP: Nutrition Screening Tool for Every Preschooler

NutriSTEP-Toddler: Nutrition Screening Tool for Every
Preschooler — Toddler

Intended Use
For inpatient and outpatient use for children with cystic
fibrosis

For children with a cancer diagnosis
A modified version of STAMP for children

An electronic tool for community use which involves
self-reported nutrition behaviors that parallel the risk for
obesity

A caregiver administered, community-based screening tool
for preschoolers

A modified version of NutriSTEP, for community use,
caregiver administered for children at 18-35 months
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Studies have determined that not all NSTs are created equal. For this reason, some hospitals
develop their own nutrition screening tools.

NUTRITION ASSESSMENT

The NCP is a standardized model used to direct dietitians to provide superior quality nutrition care.
The NCP is comprised of four steps (the ADIME model) which include (Figure 3.1):

1. Nutrition Assessment

2. Nutrition Diagnosis

3. Nutrition Intervention

4. Nutrition Monitoring and Evaluation

The purpose of nutrition assessment, as defined by the Academy, is “to obtain, verify, and inter-
pret data needed to identity nutrition-related problems, their causes and significance”. It is the initial
step of the NCP. Nutrition Assessment includes re-assessment as data and information becomes
available and is an ever-changing process. The five domains of Nutrition Assessment include:

1. Patient history
2. Food/Nutrition-related history

Practice Settings

Screening & Referral System >>

« Identify risk factors
« Use appropriate tools and methods
* Involve interdisciplinary collaboration

Nutrition Diagnosis
P — Identify problem

E — Determine etiology/cause
S — State signs and symptoms

Reassessment
« Obtain/collect important

and relevant data
* Analyze/interpret
collected data

Individual/Population
Interacts with Nutrition
Professional

Economics
SwASAS d1e) B

Nutrition Monitoring &
Evaluation

Select or identify quality
indicators

Monitor & Evaluate
resolution of diagnosis

Nutrition Intervention
* Determine intervention and
prescription

Formulate goals and
determine action
Implement action

Outcomes Management System <<< \

Research NCP

Use aggregated data to conduct research
Conduct continuous quality improvement
Calculate and report quality indicators

Critical

Social Systems

FIGURE 3.1 The Nutrition Care Process Model. (Reprinted from the Swan W1, Vivanti A, Hakel-Smith NA,
Hotson B, Orrevall Y, Trotstler N, Howarter KB, Papoutsakis C. Nutrition care process and model update:
toward relaxing people-centered care and outcomes management. J. Acad. Nutr. Diet. 2017;112:2003-2014,
copyright 2017, with permission from Elsevier.)
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3. Anthropometric data
4. Nutrition-focused physical examination
5. Biochemical data/tests/procedures

Nutrition assessment in the pediatric population is more critical than in adults as children can become
malnourished more quickly due to their limited reserves and needs for growth. Malnutrition can
adversely affect growth and development which may in turn cause undesirable long-term outcomes.

MEebicaL DiAGNOSIS

Due to growth and development from infancy through adolescence, nutrient requirements are ele-
vated to support this dynamic process. Various medical diagnoses may affect growth and develop-
ment during these life stages, therefore, affecting the overall nutrition plan. There are alternate
methods for estimating energy requirements for those with underlying medical conditions and these
methods will be covered in upcoming chapters.

Acute/Critical lllness

The American Society for Parenteral and Enteral Nutrition (ASPEN) and the Society of Critical
Care Medicine (SCCM) guidelines are intended to be used in critically ill children, ages >1 month
to <18 years with an expected length of stay >2-3 days in the pediatric intensive care unit (PICU)
which admits surgical, cardiac, and medical patients. The guidelines are not to be used for adults
or neonates and stress the importance of nutrition assessment, especially the identification of
malnutrition in patients that are most susceptible. Indirect calorimetry (IC), when appropriate,
is encouraged over predictive equations when determining energy needs so as not to over- or
underfeed these patients. Optimal protein intake is encouraged due to its correlation with clini-
cal outcomes. Based on expert opinion, enteral nutrition (EN) is the preferred route of nutrient
delivery over parenteral nutrition (PN), unless there are specific contraindications. When EN is
indicated, it is recommended that all critically ill patients have EN initiated within 24—48 hours
after admission (Chapter 13).

Typical Developmental Abilities

The developmental abilities of the infant, child, and adolescent vary greatly with each stage of
life. These abilities determine the child’s feeding skills and have an impact on nutrient intake. As
children grow and become adolescents, feeding behaviors may prompt the development of nutrition
irregularities. In order to provide guidance, the dietitian must be aware of the typical behaviors of
each life stage to assist in establishing appropriate healthy eating habits (Table 3.3).

Foobp/NutriTioN HISTORY

Typical Eating/Feeding Behaviors for Age
Understanding typical feeding behaviors of infants and children helps the dietitian determine
if a patient’s feeding behaviors are a cause for concern. While general feeding behaviors for
each age group are described here, the feeding behaviors of infants and children are described
in detail in Chapters 5 and 6, respectively. Infants are totally dependent on the caregiver;
therefore, the caregiver must be observant of hunger cues. Infants need only human milk or
iron-fortified formula for the first 6 months of life to meet nutrition requirements. Around
6 months of age, most infants are developmentally ready for complementary foods such as
infant cereal and infant foods.

Toddlers exhibit self-feeding skills and are able to communicate food preferences and desires.
They use eating/food to prompt a reaction from the caregiver and may exhibit food “jags” limiting
themselves to eating certain foods while excluding others. Toddlers that, as infants, were considered
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to be good eaters may be fair-to-poor eaters and they may not want to try new foods. The risk of
choking is increased as some foods may be difficult to swallow.

Preschoolers can show unpredictability with regards to eating. They have a limited attention
span at mealtime and environmental cues influence food selections and intake patterns (time of day,
size of portions, and the influence of other family members that are of importance to them). They
are able to mimic adult eating patterns but are incapable of choosing a well-balanced diet.

School-age children show increased independence of food choices which may include less nutri-
tious foods when not at home. However, they may be more inclined to learn concepts of good nutri-
tion. They may begin comparisons of body image with peers and be influenced by the media.

Adolescents are more independent, have busier schedules, and may be more likely to skip meals
and snack on foods of low nutritional value. They likely will eat more meals outside of the home
and may experience body image dissatisfaction. As with school-aged children, adolescents may be
influenced by the media. They may also include or discontinue use of various foods due to ethical
or religious reasons or following fads.

Nutrient Intake

Traditional diet intake methods include food records, 24-hour diet recalls, and food frequency ques-
tionnaires (FFQs). Each has its strengths and weaknesses.

Food records are usually from 3 to 7days in duration. They require literacy, motivation on the
part of the child’s caregiver, and place a burden on the caregiver. It has been found that typically the
longer duration of the record, the lesser the quality of reporting.

A 24-hour recall is used to assess current energy intake over a 24-hour period of time. It involves
short-term recall and takes around 20-30 minutes to complete. This can be used with low-literacy
and low-income subjects as reading or writing are not a requirement to complete them. This recall
can be used to determine eating occasions, sources of foods/beverages, as well as the location and
timing of snacks and meals. It may also include details for activities which take place when eating,
such as TV, electronic device, and computer use during meals/snacks and where meals occur (i.e.,
highchair, table, or away from table). It can be used to determine meal/snack patterns and foods
being consumed away from the home as well as in the home. That specific day may not be represen-
tative of the usual diet, which may be a disadvantage. For younger children, the caregiver will be
completing the 24-hour recall. If the patient attends school or daycare, the caregiver may not have
accurate information to share.

FFQs are used primarily in larger groups of people to provide approximations of diet intake
over time — usually 6 months to 1year. It is comprised of a list of specific foods, requires the sub-
ject to document if they eat a specific food, and if so, how much and how often. They are at times
used in cohort studies to lump subjects into broad categories based on nutrient intake distribution.
FFQs should be specific to the culture being studied and capture usual food/diet intake. They can
measure macro- and micronutrient details as well as intake of food groups and/or foods. FFQs are
typically not used to assess current energy intake but may be useful for long-term treatments using
diet therapy.

ANTHROPOMETRICS

As discussed in Chapter 1, anthropometric assessment is a key component of the nutrition assess-
ment of children. Anthropometric assessment is defined as the measurement of body composition
and dimensions. These values are compared to already determined, standard growth data or norms
of a particular reference population. The measurements include weight, length or height, head cir-
cumference, skinfold thicknesses, and mid-upper arm circumference.
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NuTRrITION-FOCUSED PHYSICAL EXAM

A nutrition-focused physical examination (NFPE) may reveal signs and symptoms of nutrient defi-
ciencies which then may be proven with further testing. NFPE is important because it distinguishes
or confirms subcutaneous fat loss, edema, and muscle wasting. Micronutrient deficiencies may be
identified by examining the appearance of the skin, hair, nails, and the mucous membranes. See
Chapter 2 for more information about the NFPE.

BiocHEMICAL DATA/TesTs/PROCEDURES

Malnutrition, in the hospital setting, is a risk factor for morbidity, mortality, and increased cost of
hospitalization. Inflammation has been identified as a risk factor for malnutrition. Traditionally,
albumin and prealbumin have been used to determine the nutritional status of a patient. However,
this is no longer recommended. Albumin and prealbumin are not good markers of total body muscle
mass or total body protein and they decline in the presence of inflammation regardless of nutrition
status. Instead, when available, nitrogen balance can be used as a marker of protein intake.

Nitrogen balance is calculated as nitrogen intake minus nitrogen loss from the body. Nitrogen
balance is useful when evaluating protein metabolism, as nitrogen is a crucial part of protein build-
ing blocks or amino acids. Negative nitrogen balance is defined as more loss than intake, which is
then used as a marker for nutrition risk. Nitrogen balance is evaluated by calculating the concentra-
tion of urea in the urine. This requires a 24-hour urine collection which can be burdensome.

Obtaining vitamin and mineral levels can be useful in some circumstances in pediatric assess-
ment (see Chapter 2). In addition, when these levels are obtained they should be targeted toward the
specific vitamins and/or minerals that are in question (Table 3.4).

OTHER CONSIDERATIONS IN NUTRITION ASSESSMENT

Medications and Side Effects

All medications, vitamin, mineral, and herbal supplements used in the hospital (for inpatients) and
at home should be reviewed by the dietitian for potential drug-nutrient interactions.

Certain antibiotics may interact with minerals, fat, or protein causing a decrease in absorption
which may lead to nausea, diarrhea, and possibly vomiting.

TABLE 3.4

Common Laboratory Markers Used in Pediatric Nutrition Assessment

Nutrient Common Lab/Reason

Alkaline phosphatase For evaluating bone health in neonates or with concern for
zinc deficiency

Serum blood urea nitrogen (BUN)/creatinine In cases with concern for dehydration and kidney function

Hemoglobin and Hematocrit For anemia or if concern for inflammation

Hemoglobin Alc% For patients with diabetes

Lipid profile (triglycerides, HDL, LDL, cholesterol) For evaluation of hyperlipidemia

Liver enzymes (ALT/AST) To assess for liver injury

Comprehensive metabolic panel (including sodium, potassium, To assess for electrolyte and mineral imbalance in patients
chloride, bicarbonate, and calcium), magnesium, phosphorus receiving parenteral nutrition and in patients with renal
disease

See Chapter 2 for laboratory markers of vitamin and mineral deficiencies.
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Anticonvulsants may affect vitamins D, K, B¢, and B,,, calcium, and folate by decreasing the
absorption or stores. Vitamin and mineral supplements should be reviewed with the physician as
they may impact the effectiveness of concomitantly administered medications.

Diuretics may deplete potassium, calcium, magnesium, and folate stores and also result in nau-
sea, vomiting, and diarrhea which may lead to poor appetite.

Corticosteroids may affect levels and stores of phosphorus, calcium, vitamin D, glucose, protein,
sodium, zinc, water, vitamin C, and potassium. They may cause weight gain due to increased appe-
tite as well as fluid retention. In addition, when used long term, they may stunt growth, cause bone
loss, and cause glucose intolerance.

Laxatives or bulking agents may affect fat-soluble vitamin absorption, and when used long term
they may deplete fat-soluble vitamin stores. If other medications that will not deplete the fat-soluble
vitamins are available, they should be discussed with the physician as an alternative.

Anti-gastroesophageal reflux medications may affect iron, calcium, and vitamin B,,. They may
cause nausea and diarrhea as well as long term declines in absorption of iron and vitamin B,,.

Stimulants used for attention-deficit/hyperactivity disorder (ADHD) can cause a decrease in
appetite and poor nutrient intake which in the long term may affect overall growth. Monitoring
growth while on these medications is key.

Dietitians work closely with medical providers who prescribe and assess the efficacy of medi-
cations that can affect nutrition status. Dietitians may discuss the need for medications with the
provider, including appetite stimulants, pancreatic enzymes, reflux medications, and others, which
may improve intake and absorption of nutrients.

Gastrointestinal Considerations/Findings

Evaluating feeding and formula tolerance includes assessing gastrointestinal symptoms such as
vomiting, diarrhea, constipation, nausea, abdominal discomfort/pain, or distention. Isolating other
causes of these symptoms such as bacterial overgrowth, infections, or medications should be evalu-
ated prior to altering the nutrition care plan. Stool frequency, color, consistency, and presence of fat
or blood should be monitored and noted. For patients with ostomies, it is imperative to monitor and
document the volume of ostomy output each day. Increase in volume of stool in children with an
ostomy may warrant changes to the nutrition care plan.

NUTRITION DIAGNOSIS

The second step in the NCP is Nutrition Diagnosis. Data obtained during the nutrition assessment is
used to identify a nutrition diagnosis. The Academy publishes frequent updates to the International
Dietetics and Nutrition Terminology (IDNT) Reference Manual which lists the standard language
or diagnoses to be used. It is important to use the reference manual to confirm that the nutrition
diagnosis is most appropriate for the patient and to verify at least one indicator described in the
reference sheet is present within the nutrition assessment. The purpose of a nutrition diagnosis is to
identify and describe a specific nutrition problem which can be improved or resolved through nutri-
tion treatments and interventions by a dietitian. A nutrition diagnosis is not a medical diagnosis — it
is unique to the nutrition professional.

Nutrition diagnoses are arranged into three categories: intake, clinical, and behavioral-environmental.
Intake nutrition diagnoses relate to inadequate or excessive intake of a nutrient compared to what
is expected. Clinical nutrition diagnoses relate to issues from medical or physical conditions.
Behavioral-Environmental nutrition diagnoses relate to knowledge, beliefs, location, food access, or food
safety. See Appendix D for commonly used nutrition diagnoses in pediatrics.

In order to describe a nutrition diagnosis, a PES statement is written. The statement includes a
problem (P) or the nutrition diagnosis, an etiology (E) or the cause of the nutrition diagnosis, and
sign/symptom (S) which is the evidence to the nutrition diagnosis. As a reminder, a nutrition diag-
nosis is a problem which can be improved or resolved by a dietitian. Etiology is the primary cause of
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the problem that the dietitian can impact with a nutrition intervention. The etiology should be pro-
ceeded by “related to” in the statement. Signs and symptoms are measurable and show improvement
or resolution of the nutrition diagnosis. They describe how the dietitian knows the problem exists,
and how the dietitian can measure progress or improvements. The signs and symptoms should be
proceeded by “as evidenced by” in the statement.

PES Statement
____(P)_____ relatedto

A well-written Nutrition Diagnosis should be:

1. Clear and concise

2. Specific — patient centered

3. Related to one patient problem

4. Accurate — related to one etiology

5. Based on reliable and accurate assessment data

Pediatric patients may have no identified nutrition diagnosis. In this case, “no nutrition diagnosis at
this time” may be documented. This can occur when patients with chronic conditions are followed
throughout a disease process. If these patients have a nutrition assessment performed at regular
intervals, there may be times when patients have active nutrition problems and other times when
they do not.

Example PES statements:

* Inadequate mineral intake (calcium) related to current diet choices as evidenced by intake
at <50% Dietary Reference Intakes (DRI) for age based on 24-hour food recall.

* Inadequate oral intake related to initiation of ADHD medication as evidenced by weight
loss and intake at <75% expected energy needs based on 3-day food diary analysis.

* Food and nutrition knowledge deficit related to lack of prior exposure to nutrition informa-
tion as evidenced by new diagnosis inflammatory bowel disease.

NUTRITION INTERVENTION

Nutrition intervention is the third step in the NCP. The nutrition intervention includes the nutrition
prescription and specific interventions recommended to meet the nutrition prescription.

NUTRITION PRESCRIPTION

The nutrition prescription includes the recommendations the dietitian is providing for the patient
for energy, foods, or nutrients based on current reference standards and guidelines. These rec-
ommendations are also in relation to the patient’s health condition, growth needs, and nutrition
diagnosis. In addition to estimating needs for energy, protein, and fluids, the dietitian should
consider the Acceptable Macronutrient Distribution Range (AMDR), which varies by the age of
the patient:

» Fat: 30%—-40% of energy for children 1-3years of age, 25%—-35% of energy for children
4-18 years of age

» Carbohydrate: 45%—65% of energy

* Protein: 5%—-20% of energy for children 1-3 years of age, 10%—30% of energy for children
4-18 years of age
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Energy

Energy requirements for healthy infants and children are typically calculated using predictive equa-
tions. The estimated energy requirement (EER) is defined as the dietary energy intake that is pre-
dicted to maintain energy balance in a healthy individual of a defined age, gender, weight, height,
and physical activity level (PAL). In pediatrics, the EER includes the needs associated with the
deposition of tissues at rates consistent with good health (Table 3.5).

Hospitalized pediatric patients may have altered energy needs. Total Energy Expenditure (TEE)
includes basal metabolic rate, thermic effect of food, energy required for physical activity, energy
required for somatic growth, and energy lost due to inefficiencies of absorption and metabolism.
Four of the five TEE components are often impacted in the critically ill child (thermic effect of food,
physical activity, somatic growth, and gastrointestinal losses).

Indirect calorimetry is considered the gold standard for establishing energy goals for the criti-
cally ill patient. Indirect calorimetry is the determination of heat production of a biochemical reac-
tion by measuring uptake of oxygen and release of carbon dioxide. Oxygen consumption (VO,) and
carbon dioxide production (VCO,) measured by the calorimeter are entered into the Weir equation
to calculate resting energy expenditure (REE):

REE (kcal/day) = 5.50 VO, (mL/min) +1.76 VCO, (mL/min) —1.99 total urinary nitrogen (g/day)
Measuring indirect calorimetry requires trained personnel and expensive equipment which is

why the majority of PICUs utilize predictive equations. Commonly used equations to determine
energy requirements in hospitalized pediatric patients include, but are not limited to, Schofield and

TABLE 3.5
Estimated Energy Requirements
Age Estimated Energy Requirements (kcal/day)
0-3 months (89xW—-100)+175
4-6 months (89XW—100)+56
7-12months (89xW—-100)+22
13-35 months (89xW—-100)+20
Males
3-8 years 88.5—(61.9xage)+PAX[(26.7xW)+(903xH)]+20
9-18years 88.5—(61.9xage)+PAX[(26.7xXW)+(903xH)]+25
Females
3-8years 135.3-(30.8 xage) +PAX[(10xW)+(934 xH)]+20
9-18years 135.3—-(30.8 xage)+PAX[(10XW)+(934xH)]+20

Physical Activity Factor

Sedentary 1.0
Low active 1.12
Active 1.24
Very Active 1.45

Source: Table created from data in Institute of Medicine, 2005. Dietary
Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty
Acids, Cholesterol, Protein, and Amino Acids. Washington, DC:
The National Academies Press. https://doi.org/10.17226/10490.
Legend: age, Age in years; PA, physical activity factor; W, weight in kg;
H, height in m.
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TABLE 3.6
Schofield Equations for Estimating Basal
Metabolic Rate

Age Gender Equation

Schofield (Weight Only)

0-3 years Male (59.48xW)—30.33
0-3 years Female (58.29xW)—-31.05
3-10years Male (22.7xW)+505
3-10years Female (20.3xW)+486
10-18 years Male (13.4xW)+693
10-18 years Female (17.7%xW)+659

Schofield (Weight and Length/Height)

0-3years Male (0.167xW)+(1517.4xH)—-617.6
0-3 years Female (16.25xW)+(1023.2xH)—-413.5
3—-10years Male (19.6xW)+(130.3xH)+414.9
3—-10years Female (16.97xW)+(161.8xH)+371.2
10-18 years Male (16.25 x W)+(137.2 x H)+515.5
10-18 years Female (8.365xW)+(465xH)+200

Source: Table created with data from Koletzko B, Goulet, O, Hunt
J, Krohn K, Shamir R. Guidelines on Paediatric Parenteral
Nutrition of the FEuropean Society of Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
and the European Society for Clinical Nutrition and
Metabolism (ESPEN), Supported by the European Society
of Paediatric Research (ESPR): Energy. J Pediatr
Gastroenterol Nutr. 2005;41:S5-S11.

W, weight in kilograms; H, length/height in meters.

FAO/WHO/UNU (Tables 3.6 and 3.7). Studies suggest the use of such predictive energy equations
are often inaccurate and may place a patient at risk for over- or underfeeding. Nutrition reassessment
is essential in ensuring that the energy provided to a patient is appropriate.

Individual disease states may have modified predictive equations specific to how a condition may
change energy requirements. The disease-specific chapter outlines modifications to energy calcula-
tions for specific populations.

Protein

Ensuring adequate protein intake is especially important in pediatrics due to the rapid growth rate.
The DRI for estimated protein requirements for infants were based on intake of protein from human
milk for infants and analyses of nitrogen balance studies for the non-infant. The DRI for protein can
be used as a minimum recommended intake. The disease-specific chapters will outline modifica-
tions for these recommendations for specific medical conditions (Table 3.8).

Fluids

Fluid requirements are generally calculated using the Holliday-Segar method. Patients may be on
fluid restrictions for specific disease states, including cardiac diagnoses and renal disease. Some
patients may have fluid requirements higher than calculated, such as patients requiring fluid replace-
ments for excessive gastrointestinal losses. It is important to work with the medical team to ensure
that the Holliday-Segar method is appropriate given the patient’s medical management (Table 3.9).
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TABLE 3.7

FAO/WHO/UNU Equation for Estimating

Resting Energy Expenditure

Age Gender Equation

0-3 years Male (60.9xW)—-54
0-3years Female (61xW)-51

3—10years Male (22.7xW)+495
3—-10years Female (22.4xW)+499
10-18 years Male (12.2xW)+746
10-18 years Female (17.5xW)+651

Source: Table created with data from Koletzko B, Goulet,
O, Hunt J, Krohn K, Shamir R. Guidelines on
Paediatric Parenteral Nutrition of the European

Society of Paediatric Gastroenterology, Hepatology
and Nutrition (ESPGHAN) and the European
Society for Clinical Nutrition and Metabolism
(ESPEN), Supported by the European Society of
Paediatric Research (ESPR): Energy. J Pediatr
Gastroenterol Nutr. 2005;41:S5-S11.

W, Weight in kilograms.

TABLE 3.8

Dietary Reference Intakes

for Protein

Age Protein (g/kg/day)
0-6 months 1.522

7-12 months 1.2b
1-3years 1.05°

4-13 years 0.95°

14-18 years 0.85°
Source: Table created from data in

Institute of Medicine, 2005.
Dietary Reference Intakes
for Energy, Carbohydrate,
Fiber, Fat, Fatty Acids,
Cholesterol, Protein, and
Amino Acids. Washington,
DC: The National
Academies Press.

@ adequate intake (AI)
b recommended dietary allowance
(RDA).

47
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TABLE 3.9
Holliday-Segar Method for
Maintenance Fluid Needs

First 10kg 100 mL/kg/day
Second 10kg 50 mL/kg/day
Every kg thereafter 20 mL/kg/day

Vitamins and Minerals

DRIs are established by the Institute of Medicine’s Food and Nutrition Board. The DRIs consist
of four nutrient-based reference values including the Estimated Average Requirement (EAR),
Recommended Dietary Allowance (RDA), Adequate Intake (AI), and Tolerable Upper Intake
Level (UL). They are divided by age and gender. The RDA and AI are used to determine
nutrient requirements for children while the UL is used to determine nutrient intake limits
(Appendix E).

NUTRITION INTERVENTION IN PEDIATRICS

The intent of nutrition intervention is to improve or resolve a nutrition diagnosis. Nutrition interven-
tions provide the basis for monitoring progress and measuring outcomes. Nutrition interventions are
organized into four categories:

* Food and/or nutrition delivery
* Nutrition education

* Nutrition counseling

* Coordination of nutrition care

Food and/or nutrition delivery describes the dietitian’s method for nutrition provision. Nutrition
education is imparting knowledge to the patient or the patient’s caregivers to understand how to
modify food, nutrition choices, and behavior based on individual needs. Nutrition counseling is the
process used to establish nutrition priorities, goals, and action plans to promote success in improv-
ing or resolving nutrition issues. Coordination of nutrition care includes consulting with or referring
to other healthcare professionals, institutions, or agencies which can assist with improving or resolv-
ing nutrition issues (Table 3.10).

NUTRITION MONITORING AND EVALUATION

The fourth and final step in the NCP is Nutrition Monitoring and Evaluation. The purpose is to mea-
sure progress toward meeting nutrition goals or outcomes. The outcomes are related to the nutrition
diagnosis and intervention. They are measureable and are an important component of reassess-
ment throughout the child’s clinical course. These indicators will assist the dietitian in determining
whether nutrition interventions are resulting in improvements in nutrition status.

Nutrition Monitoring and Evaluation terms are combined with the nutrition assessment terms
and organized in four domains:

* Food and nutrition-related history

* Anthropometric measurements

* Biochemical data, medical tests, and procedures
* Nutrition-focused physical examination findings
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TABLE 3.10

Common Nutrition Interventions in Pediatrics

Domain Subcategory Intervention
Food and/or nutrient delivery Meals and snacks General healthful diet

*Composition of meals/snacks

Enteral and parenteral nutrition Composition
Concentration

Rate
Volume
Schedule

Supplements Commercial beverages
Vitamin and mineral supplements Multivitamin/mineral
Vitamins: A, D, E, K, B,,, folate

Minerals: calcium, iron, phosphorus, zinc

Nutrition education Content Recommended modifications
Application Skill development
Nutrition counseling Strategies Motivational interviewing

Goal setting
Self-monitoring

Problem solving

Coordination of nutrition care Collaboration and referral of Team meeting
nutrition care Referral to dietitian with different
experience

Collaboration with other nutrition
professionals

Collaboration with other providers

Referral to other providers

Referral to community
agencies/programs

2 Composition of meals/snacks is not a nutrition intervention of itself, it is further categorized and those categories can be
used as a nutrition intervention.

During the initial assessment, appropriate outcomes or indicators are selected to be monitored and
evaluated for in subsequent interactions. The dietitian monitors and evaluates the progress or reso-
lution of the nutrition diagnosis and determines whether reassessment is necessary. In pediatrics,
nutrition goals will change overtime as children are growing. In infancy, growth happens rapidly
and continues throughout childhood and adolescence, albeit at a slower rate. Total energy intake is
an essential component to growth. Energy needs will change over time and may differ with disease
states. Infants and children develop specific skills for feeding as they grow older which will also
affect monitoring and evaluation criteria. Examples include human milk and/or formula intake,
meal/snack patterns, and physical ability to self-feed. For children with chronic conditions who may
be followed by a dietitian for years, some indicators will progress and resolve, and new criteria will
be documented to monitor new nutrition diagnoses as they are identified.

If no progress is identified during monitoring and evaluation, this will inform the dietitian to
make changes in nutrition interventions. It is important to determine appropriate frequency of
follow-up and reassessment based on age and condition. Infants during the first year of life should
be reassessed frequently, particularly premature infants and newborns. Toddlers and children will
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also require consistent follow-up, however, not as frequently as infants. Adolescents and teenagers
may not be growing as rapidly as infants and children, however, should be establishing indepen-
dence and interventions should focus on self-monitoring and self-management as they transition to
adulthood.

In summary, pediatric nutrition screening is important for identifying nutrition risk. Pediatric
nutrition assessments performed by a dietitian identify nutrition problems and offer potential solu-
tions. Utilizing NCP as a framework for nutrition assessment utilizes steps to thoroughly gather,
organize, plan, and implement nutrition treatments and to evaluate and modify such treatments to
improve patient nutrition outcomes using the ADIME format. Appendix F contains two example
ADIME notes for pediatric patients.
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Achieving and maintaining a healthy diet before, during, and after pregnancy play a vital role
in fetal development and health outcomes for both mother and infant. Maternal nutrition is per-
haps the most influential non-genetic factor in fetal development. Both maternal undernutrition
and overnutrition can affect placental development and utero-placental blood flow leading to
decreased nutrient supply to the fetus. However, dietary interventions implemented only during
pregnancy may miss a critical window of fetal development. For instance, congenital anomalies
like neural tube defects develop very early in pregnancy (likely before the woman realizes she is
pregnant). Hence, this peri-conceptional period is as important as the events during pregnancy.
Use of substances like tobacco, alcohol, and illegal drugs during pregnancy can have short- and
long-term effects on the developing fetus. It is widely accepted that deficiencies or excesses of
certain nutrients may have a negative impact on fetal growth and diet modification might reverse
those effects.

OVERVIEW OF FETAL GROWTH AND DEVELOPMENT

Human fetal growth is characterized by sequential patterns of tissue and organ growth, differen-
tiation, and maturation. Fetal growth has been divided into three phases, which are different from
the pregnancy trimesters. The initial phase is characterized by a rapid increase in cell number and
occurs in the first 16 weeks. The second phase, which extends up to 32 weeks of gestation, includes
an increase in cell number and size. After 32 weeks, fetal growth is by cellular hypertrophy, and it is
during this phase that most fetal fat and glycogen are accumulated. The corresponding fetal growth

DOI: 10.1201/9781003147855-4 51


https://doi.org/10.1201/9781003147855-4

52 Pediatric Nutrition for Dietitians

rates during these three phases are 5 g/day at 15 weeks’ gestation, 15-20 g/day at 24 weeks, and
30-35 g/day at 34 weeks. Fetal growth is dependent on maternal provision of substrate, placental
transfer of these substrates, and fetal growth potential governed by the genome.

FETAL DEVELOPMENT

Figure 4.1 outlines key milestones during fetal development. The milestones that affect nutrient
intake will be discussed in detail here. Pregnancy typically lasts 40 weeks, starting from the first
day of the last menstrual period (LMP). Ovulation occurs 2 weeks after the LMP. After fertiliza-
tion, the zygote develops to the blastocyst stage. The blastocyst implants 6- or 7-days following
fertilization.

Organogenesis (development of the organs) occurs from 3 to 8 weeks of conceptual age and is
termed an embryonic period. Avoiding teratogens during these weeks is especially crucial.

During the third week, fetal blood vessels in the chorionic villi appear. In the fourth week, the
cardiovascular system and the neural plate form, and it subsequently folds to form the neural tube.
By the end of the fifth week, the embryo is 3mm long and can be measured sonographically. The
cranial end of the neural tube closes by 38 days from the LMP, and the caudal end closes by 40 days.
Thus, the neural tube has closed by the end of the sixth week. And by the end of the eighth week,
the crown-rump length approximates 22 mm. Fingers and toes are present, and the arms bend at the
elbows. The upper lip is complete, and the external ears form definitive elevations on either side of
the head.

Neural tube defects, including anencephaly, myelomeningocele (spina bifida), and other rare spi-
nal fusion abnormalities, can occur during this time. They result from incomplete closure of the
neural tube by the embryonic age of 26—28 days. Hence, folic acid supplementation to prevent neural
tube defects must be in place before this point to be efficacious. Many neural tube defects can be
prevented with folic acid supplementation. When isolated, neural tube defect inheritance is multi-
factorial, and the recurrence risk without peri-conceptional folic acid supplementation is 3%—5%.

The gastrointestinal (GI) tract initially begins as a simple tubular structure that forms in the
fourth week of gestation and quickly polarizes along the anterior-posterior axis. Continued cellular
division results in the formation of the endoderm, mesoderm, and ectoderm layers, from which the
primary components of the GI tract arise. Endoderm gives rise to the epithelial cells, which further
differentiate to encompass all the cell types necessary for digestion and absorption. The mesoderm
gives rise to the cells of the muscular layers and the lamina propria, and includes smooth muscle,
vascular, and lymphatic contributions. The ectoderm gives rise to migrating neural crest cells, from
which the enteric nervous system develops.

Gastroschisis is a full-thickness abdominal wall defect located to the right of the umbilical cord
insertion. Bowel herniates through the defect into the amniotic cavity. Gastroschisis is an isolated
defect that is more common in infants of younger mothers and does not involve other organ systems.
Coexisting bowel abnormalities such as jejunal atresia are found in approximately 15% of cases.
Fetal growth restriction complicates gastroschisis in 15%—-40% of cases. See Chapter 17 for the
nutrition management of patients with gastroschisis.

Omphalocele forms when the lateral ecto-mesodermal folds fail to meet in the midline. This
leaves the abdominal contents covered only by a two-layered sac of amnion and peritoneum into
which the umbilical cord inserts. More than half of cases are associated with other major anomalies.
Omphalocele also is a component of syndromes such as Beckwith-Wiedemann syndrome, cloacal
exstrophy, and pentalogy of Cantrell.

Esophageal atresia may be suspected when the stomach cannot be visualized on a fetal ultra-
sound and polyhydramnios (an increased quantity of amniotic fluid) is present. However, in up to
90% of cases, a concomitant tracheoesophageal fistula allows fluid to enter the stomach, such that
prenatal detection is problematic. More than half have associated anomalies or genetic syndromes.
Approximately 10% of cases of esophageal atresia occur as part of the VACTERL association
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(Vertebral defects, Anal atresia, Cardiac defects, TracheoEsophageal fistula, Renal anomalies, and
Limb abnormalities).

The gestational age from 22 to 24 weeks is considered a peri-viable period. The lower the ges-
tational age (GA) at birth, the higher the risk of death and disability; survival at 22, 23, and 24
weeks GA is 23%, 33% and 57%, respectively. Among these survivors, the risk of moderate to
severe disability at these gestational ages respectively is, 43%, 40%, and 28%. The fetus at 24 weeks
weighs approximately 500g. All of the essential organs have formed. The skin is characteristi-
cally wrinkled, and fat deposition begins. The head is still comparatively large, and eyebrows and
eyelashes are usually recognizable. By 24 weeks, which is the end of the canalicular period of lung
development, bronchi and bronchioles enlarge and alveolar ducts develop into terminal sacs. A fetus
born at this time will attempt to breathe, but many will die despite active intervention because of
poor gas exchange, infection, intraventricular hemorrhage, and other complications of prematurity.

From 28 weeks onwards, there is a 90% chance of survival to 18—24 months of age. During this
period, most of the nutrients are used to promote organ growth and maturity and building of tissue
stores. Premature infants born between 28 and 38 weeks usually do not have enough subcutaneous
fat, muscle tissue, or tissue stores of iron and calcium. These infants are at high risk of nutritional
deficiency and extrauterine growth retardation and will require external supplementation of nutri-
ents during the neonatal period (Chapter 12). Infants born after 37 weeks of completed gestation
are considered full term. Infants born at 37 weeks or later are at decreased risk of complications
associated with prematurity.

Oral Feeding Skills

Swallowing begins at 10—12 weeks, coincident with the ability of the small intestine to exhibit
peristalsis and actively transport glucose. Preterm infants have cardiorespiratory immaturity and
cannot inhibit respiration during the act of swallowing; this leads to feed-related apnea, bra-
dycardia, oxygen desaturations, and aspiration. Preterm infants also have inadequately devel-
oped orofacial musculature resulting in difficulties latching with an inefficient suck. Infants,
particularly those born at less than 32-34 weeks, typically have nutrition provided via enteral
tubes (nasogastric [NG] or orogastric [OG]), generally through a corrected age of 33-34 weeks,
at which age most infants have developed oral coordination comparable with full-term infants
(Chapter 12). However, the use of NG/OG tubes has an increased risk of gastroesophageal reflux
and aspiration pneumonia. Early feeding therapy and oral skill development is very important in
preterm infants.

MATERNAL NUTRITION STATUS AND
IMPACT ON FETAL DEVELOPMENT

Nutritional optimization prior to conception is ideal to minimize risks or complications
peri-conceptually. In addition to the state of health during pregnancy, pregravid nutrition status
can have significant impacts on the outcome of pregnancy. Women with comorbid conditions,
pre-pregnancy nutritional concerns (such as overly restrictive diets, food insecurity, obesity, low
intake of fresh fruits or vegetables, high intakes of added sugar/fats), or women at increased risk for
malnutrition should be identified early so necessary nutrition interventions can be implemented and
appropriate weight gain goals can be set early on.

NUTRITION ASSESSMENT

Nutrition assessment for a pregnant woman does not need to be unlike other nutrition assessments;
it should include gathering information from the medical record, patient, or friends/family that
include nutrition-related history, biochemical data, medical tests/procedures that may impact nutri-
tion status, anthropometric measurements, and a nutrition-focused physical exam. In addition to a
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typical intake history, clinicians should determine other factors that may impact growth of the fetus,
including vitamin/mineral supplements, herbal supplements, smoking, alcohol, or illegal drug use.

Obese patients and patients who are or are at risk for malnutrition (such as acutely ill patients
with weight loss or poor nutrition intake, patients with hyperemesis, or patients with active chronic
illnesses with poor nutrition tolerance) should be monitored closely. Women with a high body mass
index (BMI) pre-pregnancy are at a higher risk for unfavorable perinatal outcomes such as gesta-
tional diabetes, preeclampsia, delivery by cesarean section, and adverse fetal effects such as still-
birth, birth defects, or abnormal fetal growth. Women should be counseled pre-pregnancy to lose
weight to a more desirable weight range to minimize the negative effects of obesity on maternal and
fetal health. Identification of malnutrition in the pregnant patient can be difficult, as there is cur-
rently no validated tool for specifically evaluating malnutrition in this population.

Maternal Weight Gain

Maternal weight gain is an important indicator of overall fetal development and outcomes. Weight
gain can be attributed to maternal gain (breast tissue, uterus, blood volume, and fat stores) and
gestational gain (fetus, amniotic fluid, and placenta). Weight gain recommendations are determined
using pre-pregnancy BMI and the number of gestations (Table 4.1). The overall incidence of preg-
nancy complications associated with inappropriate weight gain is more prevalent at the upper and
lower ends of weight gain.

Less than recommended gestational weight gain during the second and third trimesters is associ-
ated with small for gestational age (SGA) neonates in women of all weight categories except class I1
or III obesity. Obese or severely obese women may be able to appropriately slow maternal gain or
lose weight, as long as the fetus is meeting growth milestones. However, marked weight gain restric-
tion after mid-pregnancy should not be encouraged even in obese women. Even so, it appears that
food restriction to <1,500 kcal/day adversely affects fetal growth minimally. The best documented
effect of famine on fetal growth was in the Hunger Winter of 1944 in Holland. For 6 months, the
German occupation army restricted dietary intake to 500 kcal/day for civilians, including pregnant
women. This resulted in an average birth weight decline of only 250 g.

Although metabolic changes associated with poor weight gain or weight loss during pregnancy
are not well studied, increased insulin resistance may accelerate the time to starvation which leads
to an increased risk for developing ketonemia, increased urinary urea nitrogen excretion, and

TABLE 4.1
Weight Gain Recommendations for Pregnant Women 19-50 Years Old

Range of Recommended Weight Gain for

Singleton Range of Recommended
Pre-Pregnancy Weight Category Weekly Rate in Second and ~ Weight Gain for Twins
and BMI (kg/m?) Full Pregnancy Third Trimesters through Full Pregnancy
Underweight (BMI<18.5) 12.5-18kg (2840 1bs)  0.44-0.58kg (1-1.3 Ibs) No recommendation
Healthy Weight (BMI 18.5-24.9) 11.5-16kg (25-351bs)  0.35-0.5kg (0.8-1 1bs) 17-25kg (37-54 1bs)
Overweight (BMI 25-29.9) 7-11.5kg (15-251bs) ~ 0.23-0.33kg (0.5-0.7 1bs) 14-23kg (31-50 lbs)
Obese (BMI=30) 5-9kg (11-20 Ibs) 0.17-0.27kg (0.4-0.6 Ibs) 11-19kg (25-42 1bs)

Source: Created using data from Institute of Medicine and National Research Council. 2020-2025 Dietary Guidelines for
Americans. Washington, DC: The National Academies Press. https://www.dietaryguidelines.gov/resources/2020-
2025-dietary-guidelines-online-materials and Academy of Nutrition and Dietetics, 2021. Nutrition Care Manual.
Chicago, IL. https://www.nutritioncaremanual.org.

For triplets, recommended weight gain is about 23 kg (50 1bs), although data are insufficient.
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decreased gluconeogenic amino acid production. Maternal ketonemia has been related to abnormal
fetal growth or later neurocognitive development.

Conversely, excessive gestational weight gain is associated with an overgrown newborn in all
maternal weight categories and may lead to maternal complications such as preeclampsia, gesta-
tional diabetes, prolonged maternal weight retention after delivery, and increased risk for childhood
obesity in the infant.

NuUTRITION DIAGNOSIS

Common nutrition diagnoses for pregnant women include:

* Inadequate energy intake

* Excessive energy intake

* Increased nutrient needs (specify)

* Inadequate vitamin intake (specify)
* Inadequate mineral intake (specify)

NUTRITION INTERVENTION

Nutrition Prescription

Energy

Energy depletion during pregnancy has been reported to be approximately 80,000 kcals due to
increased metabolic demand and body composition changes, with increasing energy expenditure
noted throughout each trimester to account for fetal and placental growth. See Table 4.2 for
equations for determining energy requirements during pregnancy. For women with increased
metabolic demand in addition to pregnancy (i.e., instances of trauma or illness while pregnant),
predictive equations are likely to underestimate overall requirements. Use of standard predictive
equations is recommended with the addition of 340 or 452 calories per day for the second or third
trimesters, respectively. It should be noted that women who are severely underweight are likely to
require additional energy to promote proper maternal and fetal growth. Women with a BMI>30
kg/m? are likely to require less than the standard estimated requirements to minimize excessive
fat mass deposition. Overall, maternal weight gain can be a reliable indicator of appropriate
energy intake.

TABLE 4.2
Estimated Energy Needs for Pregnant Women

EER*=354—([6.91 x (age in years)] +PAPx (9.36 x [weight in kg]) + (726 x [height in meters])

First Trimester Second Trimester Third Trimester

No change in energy requirement Non-pregnant EER +340 calories/d ~ Non-pregnant EER +452 calories/d
Non-pregnant EER +500 calories/d  Non-pregnant EER +500 calories/d for multiples
for multiples

Source: Created using data from Institute of Medicine, 2005. Dietary Reference Intakes for Energy, Carbohydrate, Fiber,
Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. Washington, DC: The National Academies Press. https://
doi.org/10.17226/10490.

@ EER=estimated energy requirements based on pregravid weight; may need to make adjustments in instances of additional

stress such as trauma or illness.

b PA =physical activity, 1.0 (sedentary), 1.12 (moderate), 1.27 (active), 1.45 (very active).
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Macronutrients

Dietary macronutrient composition recommendations during pregnancy are similar to the
non-pregnant state, with a few exceptions. Protein requirements are increased during pregnancy
to support fetal tissue development; however, excessive protein supplementation during pregnancy
does not improve maternal or perinatal outcomes. It is estimated that the mother’s overall increase in
protein requirement during pregnancy is roughly 1,000 g, with the majority of the increased require-
ment occurring over the last 6 months of pregnancy due to increased protein turnover (Table 4.3).

Omega-3 Fatty Acid Supplementation and Fish Intake

Fat can be an important energy source and it plays an important role in the structural integrity of
cells. While a well-balanced diet is encouraged during pregnancy, optimal omega-3 fatty acid intake,
chiefly of docosahexanoic acid (DHA), may benefit fetal and maternal outcomes. Supplementation
with omega-3 fatty acids has been associated with improved neurodevelopment, visual acuity,
increased birth weight, and increased length of gestation with decreased risk of preterm delivery.
Deficiency or low levels of omega-3 fatty acids have been linked to higher postpartum depression
risk. The best source of omega-3 fatty acids are oily fish (salmon, mackerel, herring, anchovies,
sardines) or eggs, flaxseeds, and walnuts. However, caution should be taken with excessive high-fat
fish intakes due to possible contaminants (see “Fish Intake” section below). Recommended intake is
up to 1.4 g/day of omega-3 fatty acids and 13 g/day of omega-6 fatty acids. Excessive intakes should
be avoided as there has been an association with prolonged gestation and high neonatal birth weight.

Micronutrients

Micronutrient needs during pregnancy are increased for many vitamins and minerals when com-
pared to non-pregnancy requirements (Appendix E). Table 4.4 includes a list of key micronutrients
with increased needs during pregnancy and food sources of each nutrient. It is recommended that
women who are pregnant or who may become pregnant take a prenatal multivitamin with miner-
als daily to promote key nutrient consumption, particularly of folate, iron, vitamin A, vitamin D,
calcium, and iodine (Table 4.4).

Folate requirements during pregnancy are higher than at any other life stage and it is an important
nutrient in preventing neural tube defects. The USA began fortifying grains with folic acid in the
1990s, which led to a decrease of neural tube defects by roughly 50%. As mentioned before, folate
is considered important peri-conceptually for neural tube closure, and it is highly recommended
that women start taking folic acid supplementation prior to conception. Women with increased risk
of folic acid deficiency, including patients with a history of neural tube defects, history of bariatric
surgery, malabsorptive disorders, or active smokers, may require supplementation above the stan-
dard recommendation.

TABLE 4.3
Daily Macronutrient Requirements for Pregnant Women
Pre-Pregnancy, First Trimester Second Trimester Third Trimester
Protein (pre-pregnancy weight) 0.8 g/kg 1.1-1.2 g/kg 1.52 g/kg
Multiples: maintenance  Multiples: maintenance

protein+50¢g protein+50¢g

Carbohydrate RDA 130g RDA 175¢g (likely to be  RDA 175 g (likely to be
insufficient in insufficient in multiples)
multiples)

Fat 20%-35% of daily energy

RDA =recommended dietary allowance.
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TABLE 4.4
Key Micronutrients with Increased Dietary Reference Intakes for Pregnant Women
Micronutrient Food Sources
Choline Dairy, egg yolks, meat, seafood, beans, peas, lentils
Folate® Dark green vegetables, beans, peas, lentils, enriched grains
Iodine® Dairy products, eggs, seafood, iodized table salt
Iron® Heme iron: lean meat, poultry, seafood
Non-heme: beans, peas, lentils, dark green vegetables, enriched grains
Magnesium Green leafy vegetables, legumes, nuts, seeds, whole grains
Niacin Liver, chicken breast, tuna, turkey, salmon, anchovies
Potassium Bananas, oranges, cantaloupe, honeydew, apricots, grapefruit, spinach, broccoli, potatoes
Riboflavin Milk, eggs, fortified cereals, mushrooms, plain yogurt
Thiamine Whole grains, meat, fish, poultry, eggs, milk, green leafy vegetables, legumes
Vitamin A® Liver, eggs, fortified cereals, orange and yellow fruits or vegetables
Vitamin B Pork, poultry, fish, peanuts, soy beans, oats, bananas
Vitamin B, Fish, meat, poultry, eggs, milk, fortified cereals
Vitamin C Citrus fruits, peppers, strawberries, broccoli, potatoes, Brussels sprouts
Zinc Opysters, red meat, poultry

2 Nutrient of importance.

Iron is an important nutrient that supports proper fetal growth and development, and maternal
requirements nearly double during pregnancy. Iron deficiency is not uncommon during pregnancy
(up to 38% of pregnant women), and has been linked to fetal growth restriction, premature birth,
and fetal death. Patients should undergo routine screening of iron status, especially women with
increased risk of deficiency (history of iron deficiency anemia, gastrointestinal disease, malabsorp-
tive disorders, bariatric surgery, or diets lacking in iron such as vegetarian or vegan diets), and
should be supplemented as appropriate (Table 4.5).

Fat-soluble vitamins are necessary for proper fetal development and long-term outcomes of
the infant. Negative pregnancy outcomes due to vitamin D deficiency may include preeclampsia,
gestational diabetes, low birth weight, recurrent unexplained pregnancy loss, and post postpartum
depression. Women at risk for vitamin A or D deficiency include those with fat malabsorptive disor-
ders, women of darker skin tone or living in high latitudes (vitamin D), or women who may follow
restrictive diets or experience hyperemesis.

TABLE 4.5
Laboratory Values for Diagnosing Iron Deficiency
Anemia Determination in Pregnant Women

Trimester Hemoglobin Concentration (g/dL) Hematocrit (<%)
First <11.0 <33.0
Second <10.5 <32.0
Third <11.0 <33.0

Source: Created using data from Academy of Nutrition and Dietetics,
2021. Nutrition Care Manual. Chicago, IL. https://www.nutrition-
caremanual.org.
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Vitamin D deficiency is quite prevalent among women and is a major risk factor for newborn
hypocalcemia and development of rickets. Hypocalcemia is of particular concern for preterm
infants, as the majority of fetal calcium is accrued during the third trimester. Vitamin D adequacy
has also been linked with lower risk of preterm birth.

Adequate, but not excessive, intake or supplementation of vitamin A is a vital factor for proper
fetal growth and development. Vitamin A plays a critical role in embryogenesis, and deficiency
has been associated with growth restriction, eye abnormalities, and impaired vision in children.
Conversely, vitamin A toxicity (intakes> 10,000 IU/day) has been linked to high rates of spontane-
ous abortion and birth defects.

Adequate iodine intake during pregnancy is essential for appropriate neurocognitive development
and thyroid hormone synthesis. Subclinical hypothyroidism can double the risk of miscarriage, and
sufficient fetal synthesis of iodine does not occur until 17-19 weeks of gestation. lodine deficiency
has been additionally associated with developmental impairments (including impaired neurode-
velopment, cognitive development, and learning skills as well as behavioral issues). lodine intake
is generally adequate among women; however, women who do not regularly consume high-iodine
containing foods (or women experiencing hyperemesis) may be at risk.

Common Nutrition Interventions

Avoidance of Harmful Substances

Avoiding tobacco and alcohol are key components of a healthy pregnancy. Cigarettes (including
e-cigarettes) contain thousands of chemicals including nicotine that can pass from the mother to the
fetus. Nicotine causes vasoconstriction which in turn compromises oxygen and nutrient delivery to
the fetus. In addition to nicotine, alcohol consumption can impact normal fetal growth and develop-
ment. Lifelong complications may occur, with the most severe being fetal alcohol syndrome leading
to growth problems, mental disability, behavioral problems, and abnormal facial features.

Mercury is a naturally occurring element that can be harmful to the developing fetus. Mercury is
turned into methylmercury in water sediment. Accumulation of methylmercury in the body can be
damaging to the brain and nervous system if someone is exposed for prolonged periods. Most fish
contain some amount of methylmercury; however, some fish contain higher amounts. See Table 4.6
for guidelines for fish intakes during pregnancy.

Fish can be a high-quality source of protein, vitamins B, and D, minerals such as iron and
iodine, and healthy fats that can be beneficial to the mother and developing fetus. All seafood should
be cooked thoroughly (63°C [145°F]), as raw seafood may contain bacteria such as Listeria (see
the Foodborne Illness section below). In general, recommendations for pregnant women suggest
consumption of 240-360¢g (8—12 oz) of a variety of seafood per week, focusing on choices that are
lower in mercury.

Early studies have demonstrated a risk of both maternal and fetal outcomes such as miscar-
riage, poor fetal growth, SGA, preterm birth, and stillbirth with excessive caffeine intake. Current

TABLE 4.6

Fish Intake Recommendations for Pregnant Women

Recommended (up to 2-3 Anchovy, Atlantic croaker, Atlantic mackerel, black sea bass, butterfish, catfish, clam,
servings per week) cod, crab, crawfish, flounder, haddock, hake, herring, lobster, mullet, oyster, pacific

chub mackerel, perch, pickerel, plaice, pollock, salmon, sardine, scallop, shad, shrimp,
skate, smelt, sole, squid, tilapia, trout, tuna canned light, whitefish, whiting

Limit (up to 1 serving per week)  Bluefish, buffalo fish, carp, Chilean sea bass, grouper, halibut, mahi mahi, monkfish,
rockfish, sablefish, sheepshead, snapper, Spanish mackerel, striped sea bass, tilefish,
tuna albacore/white, tuna yellowfin, weakfish, white croaker

Avoid (highest mercury levels) King mackerel, marlin, orange roughy, shark, swordfish, tilefish, tuna bigeye
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research does not suggest a safe level of caffeine intake for pregnant women. Women who are preg-
nant or contemplating pregnancy should be advised to limit caffeine.

Supplements

Supplement use is not uncommon in the pregnant population; however, neither safety nor effective-
ness of supplements is well known. Herbal and dietary supplements are poorly regulated in the
USA, and there is little control over content of individual products. High-quality trials to determine
safety and efficacy of supplements during pregnancy are scarce; while some studies show a lack of
any effect on pregnancy, others have shown a negative impact on pregnancy and fetal outcomes. In
general, avoidance of herbal supplementation due to lack of quality evidence and potential harm is
recommended.

Prenatal vitamins are recommended starting pre-pregnancy. It is recommended that women who
are pregnant or who may become pregnant take a prenatal multivitamin with minerals daily to
promote key nutrient consumption, particularly of folate, iron, vitamin A, vitamin D, calcium, and
iodine.

Food Safety

Pregnancy’s effect on a mother’s immune system decreases its ability to fight foodborne illness.
Listeria monocytogenes (foodborne illness) and Toxoplasma gondii (found in cat feces) are two
organisms that can pass to an unborn child if the mother is affected. Pregnant women are ten times
more likely than the general population to be affected by listeriosis. If infected with Listeria, a
pregnant woman may remain asymptomatic or experience only mild flu-like symptoms. However,
Listeria has been linked with miscarriage, infants born SGA, and neonatal sepsis. Cooking meats,
fish, and poultry until well done to prevent Listeria is recommended. Other sources of Listeria
include unpasteurized milk, unheated hot dogs or luncheon meats, imported or unpasteurized soft
cheeses, and smoked seafood.

Special Considerations
Multiple Gestations

Weight gain recommendations increase in instances of multiple gestations, and the maternal meta-
bolic rate is markedly higher than in singletons. Micronutrient requirements are also increased, and
deficiencies in iron, folate, vitamin D, and calcium are significantly more common. Recommended
dietary allowance (RDA) recommendations remain the same for micronutrient intakes. Refer to
Table 4.1 for weight gain recommendations.

Gestational Diabetes

Gestational diabetes (GDM) is defined as glucose intolerance beginning or first diagnosed during
pregnancy and is associated with higher incidence of fetal macrosomia (disproportionate enlarge-
ment of shoulders and trunk), birth trauma, and fetal hypoglycemia at birth. Insulin resistance is
increased during the second and third trimesters, and if women are unable to overcome the resis-
tance or produce adequate insulin to maintain desired glucose concentrations, GDM may develop.
Pre-gestational diabetes refers to women with diabetes prior to pregnancy and can be associated
with a variety of malformations and vascular complications, placental insufficiency, and growth
restriction. Additional complications associated with GDM include maternal hypertension, pre-
eclampsia, polyhydramnios (associated with preterm delivery, premature rupture of membranes,
and placental abruption), and operative deliveries. Women who develop GDM are at increased risk
of developing type 2 diabetes and GDM in subsequent pregnancies. Fetuses exposed to GDM may
have additional risks for developing obesity or adult-onset diabetes.

The time frame for risk of congenital malformations is during organogenesis (weeks
3-8). The most common site of malformations is the heart followed by the central nervous
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system, GI tract, and kidneys. Improvement of the glycemic profile during the preconceptual
period is required to prevent malformations; ideally preconception fasting glucose should be
<100 mg/dL, and 2-hour postprandial level <140 mg/dL. Glucose concentration goals for women
who develop GDM are<95 mg/dL fasting, <140 mg/dL 1-hour postprandial, or <120 mg/dL
2-hour postprandial.

For women who are obese, early screening for glucose intolerance is recommended and treat-
ment should be implemented, if needed. Typical GDM screening occurs between weeks 24-28,
and there are multiple oral glucose tolerance test (OGTT) strategies for diagnosis. See Table 4.7 for
guidelines.

Hypertensive Disorders of Pregnancy

Hypertension during pregnancy consists of gestational hypertension, preeclampsia, eclampsia, and
pre-gestational hypertension. Pregnancy-induced hypertension is a new-onset hypertension typi-
cally identified after the 20th week of gestation. Women with chronic hypertension present prior
to pregnancy are at an increased risk for development of preeclampsia. Preeclampsia is defined
as elevated blood pressure (20-30 mmHg systolic increase and/or 10—15 mmHg diastolic pressure
increase) observed on two separate occasions at least 6hours apart accompanied by proteinuria
and/or edema. Other associated maternal morbidities include elevated liver function tests, blurred
vision, severe headache, altered consciousness, and pulmonary edema. Eclampsia is the worsen-
ing of preeclampsia leading to seizures. The only cure for eclampsia is delivery of the fetus and
placenta.

Hypertensive disorders of pregnancy are a leading cause of intrauterine growth restriction,
stillbirth, preterm delivery, neonatal morbidity, and death. Risk factors for hypertensive disorders
include nutritional deficiencies, malnutrition, multiple gestation, older age, diabetes, familial pre-
disposition, and obesity. When preeclampsia develops, oxidative stress is heightened due to reduced
placental perfusion leading to an increased production of free radicals.

Numerous strategies have been tested for prevention of preeclampsia, including protein or salt
restriction and supplementation with zinc, magnesium, fish oil, calcium, and vitamins. Most of
them failed to show benefit in preventing preeclampsia or adverse outcomes. Current nutrition inter-
ventions include increased emphasis on intake of vegetables, fruits, and whole grains; including
low-fat dairy products, poultry, fish, legumes, non-tropical vegetable oils, and nuts; limiting sweets
and red meats. Evidence suggests a beneficial effect of calcium supplementation of 1.5-2 g/day
for preeclampsia prevention in populations with low calcium intake. Sodium recommendations for
non-pregnant patients with hypertension are <1.5 g/day. These recommendations may be extrapo-
lated to hypertension during pregnancy. Supplementing with Vitamin C and E to reduce oxidative
stress has not shown benefit and is not recommended.

TABLE 4.7

Strategies for Diagnosing Gestational Diabetes Mellitus

“One-Step” Approach: perform a 75 g, 2-hour oral glucose tolerance test (OGTT) with glucose measurements first after
8hours of fasting and at 1 and 2 hours post glucose challenge. Diagnosis can be made if:

Fasting>92 mg/dL 1'hour >180 mg/dL 2hour >153 mg/dL

OR
“Two-Step” Approach, Step 1: perform a 50-g glucose, non-fasting load with measurements at 1 hour. If glucose level is
above the desired cutoff (>130, 135, or 140 mg/dL (practitioner dependent), proceed to Step 2
“Two-Step” Approach, Step 2: perform a fasting 100-g, 3hour OGTT with measurements at fasting, 1 hour, 2 hour, and
3 hours. Diagnosis is made when two of the below values are exceeded:
Fasting >95 mg/dL 1 hour >180 mg/dL 2hour >155 mg/dL 3 hour>140 mg/dL
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Maternal Diet and Atopic Disease

There have been theories that avoiding or consuming common food allergens (peanuts, milk, eggs,
fish, etc.) during pregnancy may impact the frequency of food allergies in the child; however, the
evidence is inconclusive. More recent data suggests avoidance diets may actually increase risk of
atopic disease in a child. In regards to allergenic food ingestion during pregnancy, it is recom-
mended that women do not avoid certain foods and should follow a general, healthy diet with an
emphasis on fresh fruits and vegetables, low-fat dairy (if tolerated), and lean proteins such as fish,
as this may be associated with lower rates of food allergy development.

Maternal Diet and Impact on Lactation

Breastfeeding after birth has many benefits for both mother, in whom it may promote post-partum
weight loss and decrease development of breast and ovarian cancers, and the infant, providing nutri-
tion that is easy to digest and antibodies to support the immune system while also decreasing the
risk of sudden infant death syndrome (SIDS). Lactation poses a significant nutrition demand on the
mother, and women typically require an additional 450-500 calories and up to 3.0L of fluid per day
to produce sufficient milk. There are no foods to avoid specifically while nursing, although caffeine
consumption should be limited to <200 mg/day, and high-mercury fish should be limited. Alcohol
consumption is safe in moderation, if waiting to feed the infant until alcohol has left the mother’s
system.

A small portion of infants fed human milk have adverse reactions to certain foods. The severity
of the food reaction is typically associated with the amount of food mom consumed, with the most
common culprits being cow milk protein, soy, wheat, corn, eggs, or peanuts. Signs of an intoler-
ance may include rash, hives, eczema, or intestinal upset including diarrhea or mucousy stools with
blood. If there is concern for a food sensitivity, women should avoid that food for 2-3 weeks to see
if symptoms improve. Many infants grow out of sensitivities after several months, although some
allergies persist long term. Women should take caution, though, to not unnecessarily over restrict
their diet, as adequate nutrition is most important for proper lactation and supporting the infant’s
growth. See Chapter 15 for more information about food allergies and elimination diets.

NUTRITION MONITORING AND EVALUATION

Pregnant women requiring nutrition intervention also require close follow-up. Monitor maternal
weight gain and adjust nutrient intake if weight gain is outside of recommendations (Table 4.1).
Monitor laboratory values for nutrients of concern and supplement appropriately. Achieving and
maintaining a healthy diet before, during, and after pregnancy plays a vital role in fetal development
and health outcomes for both mother and baby. Nutrition interventions should focus on ensuring the
health of both mother and baby (Table 4.8).

Maternal nutrition has an effect on fetal growth and development. The period of fetal growth and
development is important to the health of the fetus after birth, during early childhood, and beyond.
Conditions that develop during the fetal growth period can have an impact on the nutrition status
of the infant and the dietitian should understand these concepts to provide the best evidenced based
pediatric care.
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TABLE 4.8
ADIME Summary for Pregnant Women

Assessment
Growth assessment
Ensure weight gain is within recommendations. See Table 4.1
Nutrition-focused physical exam
Nutrient intake
Labs
GI findings
Medications/side effects
Diagnosis
Intervention
Nutrition prescription
Increased energy needs. See Table 4.2
Increased protein needs. See Table 4.3
Increased needs of key micronutrients, including folate, iron, vitamin A, vitamin D, calcium, and iodine. See
Table 4.4 and Appendix E
Common nutrition interventions
Education
Avoidance of harmful substances
Food safety
Laboratory monitoring
Supplements
Recommend prenatal vitamin
Avoid herbal supplements
Monitoring and evaluation
Maternal weight gain
Laboratory values as indicated
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The neonatal period and the first year of life are times during which appropriate growth and neuro-
development is dependent on adequate nutrition. Emphasis on nutrition during the first 1,000days
of a human’s life (270 days of pregnancy+730days of life from birth to 2 years of age) is a critical
window to promote growth, neurodevelopment, and gross motor development and has significant
impact on long-term outcomes. It has been documented that total brain volume increases 101% in
the first year of life. During this time, specific nutrients such as iodine, essential fatty acids, folic
acid, copper, zinc, iron, choline, vitamin A, and B vitamins play an important role in various pro-
cesses such as proliferation of neurons, growth of axons and dendrites, formation of connections
called synapses, and myelination.

A newborn is expected to lose about 10% of birth weight in the first week of life as extracellular
fluid that was needed in utero is excreted through urine, stool, and insensible losses. The infant is
expected to regain birth weight by day of life 10—14. An initial weight loss of greater than 15% and
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the inability to regain birth weight by 14 days of life is concerning and should be investigated by the
pediatrician. Initially, a newborn may sleep between 12 and 20hours a day, but it is important to
feed her 8—12 times in a 24-hour period. A typical feeding pattern could evolve into feeding every
2—4hours, and it is important to wake sleepy infants for feeding if they are having trouble gaining
weight. A healthy newborn should be gaining weight at an average of 30 g/day either via consump-
tion of human milk, infant formula, or a combination of both (Chapter 1).

STAGES OF INFANT DEVELOPMENT AND EXPECTED
FEEDING MILESTONES

In order to meet nutrition needs, the infant has to learn oral feeding skills starting with breastfeed-
ing or bottle feeding and then advancing to solid foods. These skills develop rapidly as both the
gastrointestinal tract and nervous system mature and coordination is established. By understanding
the developmental stages during infancy, we can better understand expected feeding milestones and
nutrition requirements at each stage (Chapter 3).

The newborn will demonstrate hunger cues by making sucking motions with her lips and mouth,
bringing hands to the mouth or face, and “rooting” where the newborn turns her head to the side in
search of the breast or bottle when mouth or cheek is touched. Late signs of hunger include crying,
exhaustion, and falling asleep. It may take several days before the infant learns to properly latch on
to the breast and develop a rhythmic feeding pattern of suck-swallow-breathe.

As the 1-month mark approaches, the infant will be able to hold her chin up and turn her head;
however, her head will still lag when pulled to a sitting position. The infant’s visual acuity will improve
during this stage and she will be able to follow a moving object. At 2months of age, she may feed at the
breast for longer periods of time or bottle feed larger volumes to meet her needs. There is some improve-
ment in the ability to raise the head farther; however, it will continue to lag when she is pulled to a sitting
position. The ability to follow a moving object extends to 180° at 2months. At 3 months of age, an infant
can lift her head and chest with arms extended and starts reaching for objects though mostly missing
the target. Some infants may start sleeping longer periods overnight as they develop a circadian rhythm.
Feeding volume continues to increase and the infant may start to go longer than 3—4 hours between feeds.
Between the 3- and 4-month stage, growth slows down to an average of 20 g/day, and the birth weight is
doubled at 4 months. The infant begins to evaluate objects that are midline and can manipulate them with
both hands. There is interest in reaching and grasping objects and exploration with the mouth. She may
start to show a clear indication of excitement at the sight of food. At 4 months, the infant has advanced to
having no head lag when pulled to sitting position. Sleep takes the form of longer stretches of time with
minimal waking or interruptions. Pediatricians recommend introducing solids around 6 months of age,
when the infant is able to hold her head up and has adequate truncal support. Premature infants should
be introduced to solid foods based upon a corrected age of around 6 months.

The period of 6 months to a year of age in an infant is full of developmental milestones that help
perfect the skills of nutrient acquisition and consumption. Around 6—7 months, the infant starts sit-
ting unsupported and may even be crawling. At 7 months, an infant starts reaching for larger objects
and can transfer from hand to hand. By 9-10 months, the infant is pivoting while sitting and can pull
to a standing position. Around this time, human milk or formula feeding may decrease to about four
to five times per day. More fine motor skills get acquired such as thumb-finger grasp at 8—9 months
and pincer grasp at 1 year of age. Additionally, the primary teeth erupt between 6 and 12 months
to assist with cutting and biting. Infants are expected to have tripled their birth weight by their first
birthday. Their length at that time will have increased by 50%. Human milk or formula feeding may
further decrease to around three times per day at the 1-year mark.

The above description of stages of development is meant to serve as a guide. Normal develop-
ment occurs along a spectrum and may not follow this exact timing. It is important to remember that
every infant is different and will mature at her own pace. If there is concern for safety or delayed
development, a referral to the pediatrician or primary care provider should be made (Table 5.1).
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TABLE 5.1
Infant Feeding Recommendations
Age Developmental Milestones Expected Food Textures Examples/Ideas
Birth Sucking, moves tongue in and Human milk and/or formula  Breast or bottle feeding 8-10 times per
out and up and down day. 2-3 oz per feeding, every
2-3 hours
0-6 months Head control improving Human milk and/or formula  Breast or bottle feeding 8—10 times per
Visual acuity improves day. 4 oz per feeding every 3—4 hours

Starts to hold objects
6—7 months Head control improved, needing ~ Human milk and/or formula  Breast or bottle feeding 5-8 times per

minimal support in seated Around 6 months, pureed and  day. 4 oz per feeding every 3—4 hours

position mashed food (vegetables, Avocado, chickpeas, sweet potato, black
Starts to point at, grab for, and meat, fruit, etc.), infant beans, pear, spinach, pumpkin, squash,

hold food cereals, open to a wide kale, mango, apple, meat or tofu, soft
Brings food to mouth range of tastes in this period  toast, scrambled egg yolk, peanut
Begins to sit with support If baby is showing signs of butter “puffs”

reaching for food, and
demonstrates safe
swallowing — can try small,
soft foods that easily
“squish” when pinched
7-8 months Begins to feed from spoon with ~ Human milk and/or formula ~ Breast or bottle feeding 4—7 times per

less spilling Mashed with soft, day. 6-8 oz per feeding
Chewing — though may not be progressively larger lumps,  Eggs, meats, fish, quinoa, lentils, green
fully coordinated soft chew, finger foods beans, mushrooms, berries, citrus fruit,
Eruption of teeth potatoes, zucchini, yogurt, whole milk
Open cup drinking — sippy cups yogurt, soft cheeses like fresh
commonly used to minimize mozzarella®
spills
8-9 months Can close the lips to clear the Human milk and/or formula  May only be breastfeeding or bottle
and beyond spoon, can bite into harder mostly still from breast or feeding 2-5 times per day. 7-8 oz per
foods when teeth have erupted, bottles feeding
pincer grasps with finger and Harder, lumpy solids, soft Continue to offer a variety of foods,
thumb, sits without support meats. Cow’s milk should textures and the same foods the family
not be introduced prior to is eating at mealtimes, in a softer
12 months of age texture, much smaller pieces, and in

much smaller amounts.

@ As feeds get progressively more solid, it is imperative to avoid certain foods or cut food into very small pieces to minimize
choking risk. Examples of foods that are commonly choked on: raw vegetables, apples or apple skins, grapes, raisins, hot
dogs, meat, chunks of cheese, popcorn, whole nuts, seeds, clumps of peanut or other nut butters

HUMAN MILK

Human milk provides nutrition and bioactive components unique to a human infant’s needs.
Breastfeeding and providing human milk are recommended for the first 6 months of life by all
professional medical associations as well as the World Health Organization (WHO) and United
Nations Children’s Fund (UNICEF), and breastfeeding should complement foods until 12 months
of age or beyond. Its unique composition is specifically designed to optimize an infant’s ability
to digest and absorb macro- and micronutrients in amounts required to promote growth and sup-
port neurodevelopment. Human milk also contains non-nutritive factors such as growth hormones,
digestive enzymes, and stem cells and has diverse immune-enhancing properties (see Table 5.2).



68 Pediatric Nutrition for Dietitians

TABLE 5.2

Select Human Milk Bioactive Components and Function

Select Human Milk Bioactive Components Function

Lactoferrin® Trophic properties, immunomodulation, iron chelation,
prevents bacterial adhesion to the intestine, promotes bone
growth

Milk Fat Globule Membrane (MFGM)* Surrounds the milk fat globule to allow delivery of fat in a

water-based fluid, impart a signaling mechanism between
mother and baby via markers for growth factors and cytokines
as well as preventing attachment of pathogens to intestinal

wall
Human Milk Oligosaccharides (HMOs) and Glycans Act as prebiotics, prevent bacterial adhesion in the intestine
(glycoproteins, glycopeptides, and glycolipids)
Secretory IgA Anti-infection
Lysozymes Breaks down bacteria, immunomodulation
Epidermal Growth Factor (EGF) Intestinal repair and growth

Bile salt-stimulated lipase (BSSL) and lipoprotein lipase  Fat digestion and synthesis
(LPL)

¢ Bovine (or cow’s milk)-derived lactoferrin, MFGM, and oligosaccharides are now being added to some infant formulas.

Our understanding of the seemingly infinite components of the human milk is constantly changing
as the tools to measure its composition improve and facilitate more research. Beyond meeting nutri-
tional needs, feeding at the breast allows the infant to learn to self-regulate intake and it is a time
for bonding facilitated through skin-to-skin contact, eye contact, and familiar odors. Human milk
is dynamic in its make-up, constantly changing to meet the nutritionl and immunological needs of
the infant and is influenced by maternal diet and environmental exposures. Human milk composi-
tion changes throughout the day and throughout the first year of life as the nutrient needs for infant
change and table foods are introduced.

The early milk, or first milk produced, is the colostrum. Colostrum is very highly concentrated
in protein, fat-soluble vitamins, minerals, electrolytes, as well as trophic factors and antimicrobials
and has immune-enhancing properties. It is produced in the first 24—48hours after birth and is typi-
cally a deep-yellow or orange color and is only made in small volumes to match the infant’s stomach
capacity — which is only about 10—15mL during that time. For some mothers, the onset of lactation may
be delayed, an additional 24—48 hours due to cesarean section delivery or other obstetric complications.
As early as 72hours after birth, the mother may enter the second phase of lactogenesis, which results
in the onset of greater milk production when her milk transitions from colostrum to mature milk and
evolves to an expected white color. Mature milk is higher in carbohydrates, lipids, and vitamins.

ENERGY

Human milk can vary greatly in the amount of energy it provides. The energy provided differs
between individual mothers, depends on time of the day, and can vary over the time of the feeding
or pumping session. Human milk that is available at the beginning of a feeding is called foremilk
and is typically higher in water and lower in fat content. Towards the end of the session, hindmilk
is produced, which provides a higher-fat, lower-carbohydrate content. Fat content can vary from
feeding to feeding, but within a given feeding it rises steadily from foremilk to hindmilk. Human
milk analysis is evolving and continues to be refined for improved accuracy. At this time, there is
a general consensus that on average, human milk provides 18-22 kcal/oz with the most common
value assigned as 20 kcal/oz.
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Fat is the main source of energy in human milk and needed by infants for more than just growth.
Human milk lipases also aid in the digestion and absorption of fatty acids. Dietary lipids make up
brain structural components, affect gene expression, transport components such as fat-soluble vita-
mins, build adipose tissue to aid with temperature regulation, allow for satiety between feeds, and
ensure adequate energy stores for periods of rapid growth or illness. Human milk provides varying
amounts of omega-3 and omega-6 fatty acids that are influenced by maternal diet and are essential
for neurodevelopment, retinal structure, and modulating inflammatory responses.

PROTEIN

Protein needs are higher in the first months of life to support rapid brain growth. Human milk
reflects those needs by containing higher levels of protein for the first 5 months, and slowly decreas-
ing in protein content through 12 months of life. Protein content can be as low as 5% of total energy,
though is highly bioavailable and predominantly whey with an estimated whey to casein ratio of
80:20 initially and closer to 60:40 as milk matures beyond the second week of life. Whey protein in
human milk promotes gastric emptying and provides a higher amount of cysteine, which is one of
the conditionally essential amino acids for newborns. Tyrosine is the other that is not made in suffi-
cient amounts by the body and therefore must be obtained from the diet until about 6 months of age.

CARBOHYDRATES

Lactose is the most prevalent sugar and source of digestible carbohydrate in human milk. While
intestinal lactase concentration is low at birth, over time and with exposure to lactose, most healthy
term infants with or without a familial history of lactose intolerance are able to digest it with some
undigested lactose acting as a prebiotic to help colonize the microbiome. Lactose also acts like a
gentle laxative to promote looser stools. Oligosaccharides are complex in structure and are the next
most abundant carbohydrate found in human milk. They are “resistant” to digestion in the small
bowel thereby providing energy through fermentation in the colon that creates short-chain fatty
acids that are then absorbed. This prebiotic action selectively stimulates growth and activity of ben-
eficial bacteria found in the intestine which may strengthen an infant’s immunity by strengthening
bowel wall barrier function, reduce the presence of pathogenic bacteria, and aid in calcium absorp-
tion. Overall, about 40%—45% of energy in human milk is from carbohydrates.

MICRONUTRIENTS

While the content of micronutrients in human milk is less than what is provided by formula, the
micronutrients are more bioavailable and therefore easier to absorb and utilize. As volume of milk
increases, so does the infant’s intake of micronutrients and usually healthy term infants are able to
meet their estimated micronutrient needs through human milk, with the exception of iron, vitamin
D, and in certain circumstances, vitamin B,.

Iron

Full-term infants are born with iron stores that deplete over time, typically around 4—6months of age.
Iron is important for growth and particularly important for neurodevelopment in infants and toddlers.
The bioavailability of iron in human milk is up to 50% compared to only 10% of the iron in fortified
formulas. Introducing iron-containing foods by at least 6months as part of complementary feeding will
help to meet estimated iron needs as the stores from birth have been depleted. Infants fed human milk
without iron-rich complimentary foods or supplements are at risk of iron deficiency at 6—9 months of age.
If iron deficiency or iron deficiency anemia is suspected, a liquid iron supplement may be recommended.



70 Pediatric Nutrition for Dietitians

Vitamin D

Vitamin D is another micronutrient that is found in low concentrations in human milk, and infants
are at risk for becoming deficient, especially if the mother was vitamin D deficient during her preg-
nancy. A supplement of 10 mcg/day (4001U) is recommended for infants receiving human milk, and
they should continue the supplementation until they are weaned to cow’s milk after 12 months. If
an infant transitions to formula feeding, they may not need the supplement if they consume greater
than 1L of vitamin D-fortified formula.

Vitamin B,,

Human milk typically has sufficient Vitamin B,, to meet the infant’s needs. However, if a mother is
vitamin B, deficient, there may be insufficient vitamin B,, in the human milk. This may occur in
vegan mothers with insufficient vitamin B,, supplementation. In this case, supplementation may be
recommended for the mother, the infant, or both.

Beyond absorption of nutrients, the neonatal gut is an organ that contains endocrine functions to
regulate metabolism and tries to maintain fluid and electrolyte homeostasis. A myriad of diverse,
bioactive components in human milk are remarkably beneficial in digestion, immunity building,
growth promotion, and neurodevelopment.

BeNEFITS OF FEEDING HUMAN MILK

Both short- and long-term benefits are attributed to feeding human milk. Infants fed human milk
have a lower risk of common infant and early childhood ailments, including acute otitis media,
atopic dermatitis, gastroenteritis, sudden infant death syndrome, significant lower airway tract
infections during infancy, and a lower risk of asthma in young children. Maternal exposure to
bacterial or viral illnesses can transfer antibodies through human milk which in turn help protect
the infant from those same organisms. Long-term benefits for the infant include but are not limited
to a lower risk of obesity, metabolic syndrome, type 1 and type 2 diabetes mellitus, and childhood
leukemia. While long hypothesized, no direct relationship has been definitively shown to relate
cognitive outcomes and human milk feeding or duration of breastfeeding. Long-term benefits for
the mother may encompass lower rates of breast cancer, hypertension, epithelial ovarian cancer, and
type 2 diabetes mellitus.

While breastfeeding and expressing human milk is a choice, there are some instances where
it may be not advised. In general, there are few absolute contraindications. Maternal diagno-
ses that are contraindications include human immunodeficiency virus (HIV) in high-income
countries, cancer, or others that require certain medications that may be excreted in milk and
are unsafe for the infant. Mothers using drugs of abuse such as cocaine, heroin, metham-
phetamines, or excessive alcohol should not breastfeed or express human milk. Marijuana
use is strongly discouraged, though research as to how it may affect infant is inconclusive at
this time. Prescribed medications for the mother should be reviewed by her medical team. A
non-maternal related reason to not provide human milk would be an infant diagnosed with
certain inborn errors of metabolism (see Chapter 23). Very rarely, human milk may be contra-
indicated in patients with food allergies, if the mother is unable to remove the allergens from
her diet (see Chapter 15).

ComMMoN HumMaN MLk FEeDING IsSUES

For mother-infant dyads, many common problems are attributed to a poor latch on the breast. A
poor latch can happen for a variety of reasons. While breastfeeding is typically seen as the most
normal, natural, and intuitive thing to do as a mother and new infant, for many, it takes great effort,
skill, and support to find and maintain a good latch. Lactation specialists can help troubleshoot
issues and provide support to caregivers (Table 5.3).
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TABLE 5.3

Common Breastfeeding Problems, Causes, and Potential Solutions

Common Problems or
Symptoms

Causes

Potential Solutions

Nipple pain, with or without Trauma from vigorous sucking on the While this is very common in the first few days to a

blanching (turning white)

Jaundice
(Hyperbilirubinemia)

Lighter skin infant color
may appear more yellow;
more difficult to notice in
darker skin infant —
sometimes the eyes may
have a yellow tint

Infant with slow weight

gain/growth

Itchy, white patches,
shooting pain in the breast

Cracked or bleeding nipples

Color change seen in milk

nipple and not fully suckling with
the whole mouth; baby not opening
mouth wide enough, infant’s lips are
tucked under at the point of latch
instead of open “fish lips™; if infant
has a tongue tie; or later due to
chomping and/or biting the nipple
as infant starts teething; vasospasm
of nipple; Raynaud phenomenon,
infection.

Breastfeeding jaundice: Occurs in the
first week of life and is due to
inadequate volume of breastfeeding,
therefore the bilirubin is not being
excreted and building up in the
blood. Commonly human milk may
not be “in”, or infant is not
removing sufficient volume from
the breast. Other causes may be
blood group incompatibility or
urinary tract infection.

Weak suck, inadequate milk intake,
not emptying the breast to get the
high-fat hindmilk

Candida infection

Persistent nipple trauma from
expressing milk or mechanical
problem with latch; inadequate or
excessive drying of the nipple due
to nipple hygiene or care.

Medications; mother’s diet (i.e.

greenish hues seen with high intake of

green foods); a bluish tint is common
in fore milk (milk that first comes out
in the beginning of a pumping
session); and pink, red, orange, and
brown are colors often caused by
blood from cracked nipples.

week, eventually it should subside. If not, a feeding
should be observed by a lactation professional for
analysis and assistance. Proper positioning and
techniques should be taught.

If infant starts to chomp or bite the nipple as they
start teething, it is important for mother to break
the latch to teach the infant not to do that. May be a
sign to start weaning if mutually desired by mother
and infant.

Urgent referral to pediatrician or primary care
provider for serum checks of liver function tests
and potential medical treatment.

If mother with inadequate milk supply, or unsure of
how much volume infant is feeding, try bottle
feeding and encourage mother to express human
milk to increase her supply. Also make sure infant
is making adequate urine and stool.

Investigate anatomic and feeding position for
possible changes and improvements; have infant
feed only one breast at a time in order to fully
empty the breast; or have mother pump for about
3-5 minutes before putting infant to breast so that
the infant gets more of the higher-fat hind milk.

Weigh infant before and after feeding to determine
feeding volume.

Antifungal treatment for both mother and infant,
referral to see her physician, and possibly infant’s
pediatrician.

Referral to a lactation professional or physician;
applying human milk to the cracks after feeds may
aid with healing; manual or electric pump
expression for 1-2days to minimize further trauma
may help; tools such as nipple creams or salves,
nipple shields, or breast shells may be options —
depending on the situation and at the direction of
the lactation professional.

Milk of these hues is still safe to feed; however, if
blood becomes more prominent and/or does not
subside after 2-3 days, mother should see her
physician.

(Continued)
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TABLE 5.3 (Continued)

Common Breastfeeding Problems, Causes, and Potential Solutions

Common Problems or
Symptoms Causes
Breast engorgement —

breasts feel very full,

Infrequent or insufficient milk
removal from the breast

sometimes painful or warm

to the touch

Clogged milk duct — Inadequate milk emptied from the

palpating a lump in the breast therefore milk remains in the
breast duct and inflammation develops.
Mastitis — commonly Bacteria from skin or saliva is
presents after 10 days

post-partum; appears as a

localized area of warmth,

transmitted via cracks in the skin or
through milk ducts. Also if milk
ducts remain clogged and
tenderness, edema, inflammation turns into infection.

redness; sometimes with a

Potential Solutions

Increase the frequency of feedings; try different
positioning or latching techniques; hand expression
or short pumping session to relieve initial pressure
and let-down — electronic pumping should be done
at the direction of a lactation professional as it may
then result in an “oversupply” or exacerbate the
engorgement.

Gentle massage of the clogged duct, warm compress,
increased breastfeeding or expressing to drain the
breast.

Immediate referral to physician for antibiotics to
treat the infection and help to prevent a breast milk
abscess; breastfeeding does not need to stop if
mother still desires, and infant continues to tolerate
milk. May consider expressing milk, if direct
breastfeeding is too painful.

fever, malaise, and breast
pain.

ExpresseD HUMAN MILK

Many infants receive expressed human milk. Expressed human milk can be provided to infants
that are unable to breastfeed and infants with enteral feeding tubes. Mothers that work outside
of the home may express human milk that the infant receives from a bottle while they are sepa-
rated. Expressed human milk should be stored correctly in order to prevent illness and infection
(Table 5.4).

TABLE 5.4
Human Milk Storage Guidelines

Storage Location and Temperatures

Countertop 77° F (25°C)
or Colder (Room
Temperature)

Freezer 0°F (—18°C) or
Colder
Within 6 months is best
Up to 12months is acceptable
NEVER refreeze human milk
after it has been thawed

Type of Human Milk Refrigerator 40°F (4°C)

Freshly Expressed Up to 4hours Up to 4days

Thawed, Previously Frozen  1-2hours Up to 1day (24 hours)
Leftover from a Feeding
(infant did not finish the

bottle)

Within 2 hours after the baby is finished feeding

Source: https://www.cdc.gov/breastfeeding/recommendations/handling_breastmilk.htm. Reference to specific commercial
products, manufacturers, companies, or trademarks does not constitute its endorsement or recommendation by the
U.S. Government, Department of Health and Human Services, or Centers for Disease Control and Prevention. This

material is available at the above website, free of charge.
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INFANT FORMULA

Iron-fortified cow’s milk-based infant formulas are recommended by the American Academy of
Pediatrics (AAP) when human milk is not available or the mother chooses to feed infant formula.
Infant formulas are derived from cow’s milk, soy, or other protein sources and must contain a min-
imum amount of macro- and micronutrients to meet the needs of infants 0—12 months of age, per
FDA guidelines. The FDA does not proactively regulate infant formulas; however, it is the agency
designated to investigate reports of contamination, adverse outcomes in which the formula may
have contributed to that outcome, company recalls of products, and general complaints. It identi-
fies ranges of 30 specific macro- and micronutrients to meet the needs of an infant 0—12 months
of age. These nutrient ranges must be met for a manufacturer to market the product as an “infant”
formula.

Infant formula nutrient composition is modeled after human milk while taking into account
the sub-optimal absorption of both macro- and micronutrients derived from various sources
and ingredients. Most term formulas provide 20 kcal/oz, a range of 2-2.8 g of protein per 100
kcals, and over half of the energy from fat. Lactose is the dominant carbohydrate source, as it is
in human milk, although there are multiple variations where it is reduced, or another carbohy-
drate is used in its place. As in human milk, most formulas provide about 40% of total calories
from carbohydrates. Protein in formulas provides the two additional conditionally essential
amino acids (cysteine and tyrosine) which are needed from the diet until at least 6 months of
age.

Infant formulas are available in multiple forms. The most common infant formula is powder
formula that is reconstituted with water. Concentrated liquid infant formula is also available and
is reconstituted with water prior to feeding. It is important to follow the directions on the formula
package to achieve the correct formula mixing recipe to ensure the infant is receiving the correct
concentration of energy, macro-, and micronutrients. Premixed, ready-to-feed infant formulas are
also available. Once a formula package is opened, it is important to follow the manufacturer recom-
mendations for storage in order to prevent illness and infection. Once an infant has started drinking
from a formula bottle, it should be used within 1 hour or discarded.

There are multiple categories of term infant formulas based on the protein component of the
formula (Table 5.5). See Chapter 12 for preterm infant formulas. Standard infant formula contains
intact cow’s milk protein. Multiple variations of standard formula are available on the market.
Formulas with added rice starch are intended for patients with gastroesophageal reflux. The rice
starch expands in the stomach when it encounters stomach acid, which thickens the formula so
it is more likely to stay in the stomach. Formulas are also available with lower lactose levels,
partially hydrolyzed protein, and prebiotics or probiotics. These formulas are marketed for a
variety of symptoms, including fussiness, gas, and constipation. It is important to note that par-
tially hydrolyzed formulas are not hypoallergenic. Additional variations of standard infant for-
mula are available, including organic formula, formula made with A2 cow’s milk, and formulas
with added components intended to mimic human milk. The manufacturer’s website is a good
source of information to find the various formulas available and the premise behind each formula
(Table 5.6).

Soy infant formulas are made with soy protein in place of cow’s milk protein. They are lactose
free and vegetarian. They are used for infants with galactosemia (see Chapter 23) or based on care-
giver preference.

Extensively hydrolyzed (hydrolysate) infant formulas are made from cow’s milk protein that is
partially broken down. These formulas are considered hypoallergenic, and many infants with cow’s
milk protein allergy will tolerate these formulas (see Chapter 15). There are variations in the source
of fat used in these formulas, and those with high MCT concentration may be used for infants with
malabsorption.
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TABLE 5.5

Term Infant Formulas

Formula Type Protein Source Indications

Standard Cow’s milk protein Typically used as the first formula for

infants without diagnosed allergies or
other medical conditions

Rice-thickened Cow’s milk protein Reflux. Thickens in the acidic
environment of stomach?

Soy Soy protein Vegetarian, lactose intolerance,
galactosemia

Hydrolysate Hydrolyzed milk protein Cow’s milk allergy/intolerance

Elemental Single amino acids Hypoallergenic. Cow’s milk allergy that

does not respond to hydrolysate

@ There is no evidence that these formulas decrease the incidence of reflux but may aid with symptom management.

TABLE 5.6

Infant Formula Manufacturers

Infant Formula Manufacturers (USA) Website

Abbott Nutrition https://abbottnutrition.com

Maker of Similac® Products and Elecare®

Gerber® https://medical.gerber.com

Maker of Good Start® Products

Mead Johnson™ https://www.hcp.meadjohnson.com
Maker of Enfamil® Products and Pure Amino™

Nestlé https://www.nestlemedicalhub.com
Maker of Alfamino® Infant &

NAN® 1 Pro

Nutricia https://www.neocate.com

Maker of Neocate®

PBM Nutritionals, LLC https://www.perrigopediatrics.com

Maker of Generic/Store Brand Infant Formulas (Amazon, CVS, Sam’s Club, BJ’s,
Rite Aid, Kroger, Target, Costco, Walmart, Walgreens, etc.)

Elemental formulas are from single amino acids, making them hypoallergenic. Elemental for-
mulas are recommended for infants with food allergy that do not tolerate extensively hydrolyzed
formulas. They may also be recommended for infants with malabsorption.

Additional infant formulas are available for patients with specific metabolic, renal, or other med-
ical conditions.

The interest in and popularity of infant formulas produced in other countries, including Europe,
Australia, and New Zealand, has dramatically risen in the USA since 2015. This has stemmed from
public distrust in domestic food regulation, fear of contamination, and perceived superiority of
foreign ingredients and manufacturing practices. At the time of writing this chapter, there is no US
agency or organization monitoring the nutrient content or the conditions in transport and storage of
the products, and the FDA does not investigate complications that may be related to these formulas.
Caregivers should be informed of the differences and potential contamination risks if they should
choose an infant formula not made in the USA.
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FOOD INTRODUCTION

Introduction of solid foods requires meeting age and developmental milestones for safe oral feeding.
Food introduction is sometimes called complementary feeding as it complements, or adds to, the
infant’s human milk or formula feeding and is not yet the sole source of nutrition. Skills needed to
start consuming solids include being able to sit with support, having good head and neck control,
being able to push up with straight elbows from lying face down and having an interest in solid food
by placing hands in the mouth or reaching for food when others are eating nearby, typically around
6 months of age (see Table 5.1). These skills are important to have started to develop before intro-
ducing solids in order to decrease the likelihood of choking and aspiration.

Infants do not need water for hydration. Their hydration needs are met by human milk or for-
mula, and eventually water from food. Providing water may lead to false satiety and a decrease in
energy intake from human milk, formula, or food. At the discretion of a primary care provider or
pediatrician, small amounts of water or an oral-rehydration solution (less than 30mL [I oz] at a
time) may be given to alleviate the symptoms of dehydration if an infant has prolonged diarrhea,
develops an ongoing fever (greater than or equal to 100.4°F or 38°C), or is exposed to hot tempera-
tures for an extended period of time.

With each new food introduction, the infant should be observed for signs and symptoms of
allergic reaction such as a rash, increased work of breathing, emesis, or diarrhea. A wide variety
of foods from all food groups should be introduced, and repeatedly offered every few days, weeks,
and months — even if it is refused at the first offering. Refusal of unfamiliar foods is a normal part of
development. Infant taste buds are partial to sweet and slightly salty tasting foods. Savory (umami),
bitter, and sour flavors are important to provide in various different foods to develop a full palate. A
majority of caregivers will describe their child as a “picky eater” and this may cause great concern
and conflict in families. There is no consensus or definition of what exactly a “picky” eater is, and
it is important to encourage repeated exposures to a variety of foods. It does not matter which food
is an infant’s first, as long as it is a safe consistency for the infant to swallow.

It is common to add human milk or formula to a puree mixture to help with the consistency, add
energy and protein, and provide a familiar taste. Traditionally, families started with iron-fortified
infant rice cereal; however, many caregivers choose to start with pureed vegetables. Infants receiv-
ing human milk should be advised to start with iron- and zinc-containing foods along with vitamin
C containing foods to aid with absorption of non-heme iron. Historically, the advice was to not intro-
duce common allergenic foods such as eggs and peanuts until 12 months of age; however, there is
no evidence to support prolonging an infant’s exposure will protect children from allergies. In fact,
delayed introduction is now thought to be a risk factor for development of allergies for children with
a first-degree relative with atopy (asthma, eczema, allergic rhinitis etc.). Early introduction of solids
around 6 months of age, including foods considered allergenic, is now highly recommended by the
AAP. Furthermore, based on the results from landmark studies it was concluded that introducing
peanut-containing and egg-containing products to the diet of high-risk infants early (between 4
and 11 months) was very important in reducing future development of allergies to these foods (see
Chapter 15). For healthy infants, it is recommended that a variety of foods, in developmentally
appropriate textures, including highly allergenic foods be offered. Avoid giving honey, unpasteur-
ized foods, and juice during infancy. Foods with added sugar and salt should also be avoided.

BaBY-LED WEANING

Baby-led weaning has become a popular feeding strategy among caregivers over the last few years.
Using this approach, infants are fed soft table foods as their first foods, skipping pureed foods. This
allows the infant to self-feed. Potential advantages of baby-led weaning include self-regulation of
feeding pace and volume, skill development including hand-eye coordination, and participation in
family mealtimes by consuming texture-appropriate components of the family meal.
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Perceived risks of baby-led weaning include:

e Iron deficiency, as infants are not consuming iron-fortified infant cereal and many food
sources of iron are difficult textures for infants to eat

» Risk of choking if provided unsafe food textures

* Growth faltering if infant consumes less human milk or infant formula

If a family is using baby-led weaning, it is important to ensure that the infant is developmen-
tally ready for solids. Caregivers should be counseled to avoid foods that are choking-risks
(see Table 5.1). They should also be able recognize the signs of choking and should understand
how to intervene if the infant chokes. The infant should be offered moist, tender foods that she
can mash with her tongue and chew using bare gums. Examples include scrambled eggs, strips
of avocado or banana, well-cooked vegetables such as sweet potatoes and squash. Food should
be easy to pick up, often cut into strips about 6-7 cm (3”) in length. Families should also con-
sider offering purees to the infant in addition to table foods so they can learn to accept food
from a spoon. With proper supervision and caregiver knowledge, baby-led weaning may be a
safe feeding strategy.

NUTRITION MANAGEMENT

NUTRITION ASSESSMENT

A thorough nutrition assessment should be completed for all infants assessed by the dietitian.
Anthropometric measurements are an important part of the nutrition assessment, and compar-
ing weight gain to age-appropriate goals is essential to determine if the infant is meeting their
energy needs (Chapter 1). The nutrition-focused physical examination (NFPE) can help iden-
tify nutrition problems and should be used in conjunction with anthropometric measurements
(Chapter 2).

It is difficult to assess nutrient intake of breastfed infants, as the volume of human milk con-
sumed is not easily measured. For infants with nutrition concerns, careful assessment of anthropo-
metric data and weight gain is an important indicator of nutrient intake. The dietitian should also
assess output, including the number and frequency of wet diapers, stool frequency and appearance,
and frequency spitting up or vomiting. Breastfed infants can be weighed before and after a feeding
to determine the volume of human milk consumed. This is more easily measured in the hospital
setting than the home setting, as a calibrated infant scale is required.

The dietitian should assess nutrient intake by asking specific questions about volume of human
milk, formula, and food consumed. Common questions for the infant nutrition assessment are listed
in Table 5.7.

Developmental milestones are an important part of the nutrition assessment. Understanding the
infant’s stage of development helps the dietitian determine when an infant is ready for solid food
introduction and when she can progress to different food textures (Table 5.1 and Chapter 3). The
dietitian should also review the medication list and ask about nutrition supplements, including mul-
tivitamins with iron and vitamin D supplements.

NutriTioN DIAGNOSIS
Common nutrition diagnoses for infants include:
* Inadequate vitamin intake (specify)

* Inadequate mineral intake (specify)
* Inadequate oral intake
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TABLE 5.7
Infant Nutrition Assessment

Breastfed Infants
How many feedings per day?
How frequent are the feedings?
How long does a typical feeding last?
Is the infant fed from both breasts at each feeding?
Does mother feel like her breasts are empty after each feeding?
Does infant seem hungry after a feeding?
Is mother expressing milk in addition to breastfeeding the infant? If so, how often and how much milk is expressed?

Formula-Fed Infants
Which formula is the infant drinking?
Have they tried different formulas? If so, which formulas and why was each formula used?
How is the formula prepared in the home? Ask for the specific mixing recipe to determine if formula concentration is
appropriate.
Does the family have difficulty accessing or purchasing the formula?

Bottle-Fed Infants (formula or human milk)
How much volume does the infant consume at each feeding?
Does the infant finish the bottle? If not, how much is left?
Does the infant spit up after a feeding? If so, how often and how much volume?

Infants Consuming Solid Foods
How old was the infant when solid foods were introduced?
Which foods were introduced first? Did the infant accept the foods?
‘What foods does the infant eat now? How often and how much is consumed?

* Inadequate energy intake
* Inadequate protein intake

NUTRITION INTERVENTION

Nutrition Prescription

Energy requirements for healthy infants can be calculated using predictive equations. Protein
requirements are calculated using the DRIs, and vitamin and mineral needs should be determined
using the DRIs. See Chapter 3 for more information about determining nutrient needs for infants.

Common Nutrition Interventions
Oral Feedings
For breastfed infants, the dietitian can provide guidance on the recommended frequency and dura-

tion of feedings. Infants receiving expressed human milk or infant formula may be given volume
goals to help ensure adequate intake.

Nutrition Education

Nutrition education should be provided for infants starting solid foods. The type, frequency, and
volume of foods recommended should be included. The caregivers should be educated on choking
hazards and provided with written information to guide them through the progression of solid foods.

If the caregivers are mixing formula incorrectly, thorough nutrition education should be pro-
vided to ensure that the patient receives appropriately concentrated formula. Visual aids, such as a
bottle, water, and can of formula powder, can help ensure understanding.
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Laboratory Monitoring

Infants receiving human milk or less than 1L of infant formula per day are at risk of vitamin D defi-
ciency. If the infant is not receiving a vitamin D supplement to meet the DRI for vitamin D, consider
checking 25-OH vitamin D to assess for potential deficiency. Infants that are receiving human milk
and are>6 months of age are at risk of iron deficiency. If the infant is not consuming iron-rich solid
foods, consider assessing iron status (see Chapter 2).

Supplements

Compare the infant’s micronutrient intake to the DRI and supplement micronutrients that are not
being met through human milk, infant formula, and solid foods. Vitamin D should be recommended
for infants receiving human milk and formula-fed infants that are consuming less than 1L of for-
mula per day. Supplemental iron may be needed for infants >6 months old that are receiving human
milk and not consuming iron-rich solid foods.

Other Specialty Referrals

Lactation specialists can help with infants that are having breastfeeding issues, including feeding
difficulties and low milk supply. A speech therapy referral for a feeding evaluation may be indicated
in patients with feeding difficulties, swallowing difficulties, and slow progression to solid foods.

Consider a referral to the Women, Infants, and Children (WIC) program for families that are
having difficulties affording food or formula. For patients that qualify, WIC can provide infant
formula, including select specialty formulas, food for older infants, and food for pregnant women
and mothers providing human milk to the infant. A social work referral can help identify additional
resources for families that are experiencing financial and social difficulties.

NUTRITION MONITORING AND EVALUATION

Nutrition monitoring and evaluation can aid the dietitian in determining if the nutrition intervention
is meeting the infant’s needs. Monitor anthropometric measurements, including weight gain per
day, feeding volumes consumed, stool and urine output, and developmental and feeding milestones.
Additional monitoring and reassessment may be needed for patients with nutrition concerns.

Nutrition during infancy is vital to promote age-appropriate growth and physical and cogni-
tive development. The dietitian should understand the nutrient needs and developmental stages of
infants in order to evaluate nutrient intake and provide recommendations for feedings. Human milk,
infant formula, and solid foods provide important nutrients for infant growth and development. A
thorough nutrition assessment is essential in providing nutrition interventions to meet the unique
needs of the infant.
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As children grow and develop, their nutritional requirements evolve. Elements of independence and
self-determination involve dietary intake through self-feeding and making their own food choices.
Between ages 2 and 18 years, children start to form their individual dietary habits and patterns. The qual-
ity and quantity of food and beverages that children consume have a large impact on their overall health.
The United States Department of Agriculture (USDA) and Department of Health and Human Service
provide dietary guidelines with updates at least every 5years for children and adults. These recommen-
dations include incorporation of a healthy diet at every stage of life, consisting of nutrient-dense food
and beverages to meet food group needs with important core elements for adequate protein, vitamins,
minerals, and fat. Through development of healthy dietary patterns and habits, maintenance of a healthy
lifestyle is achievable and this may diminish risk of developing chronic disease. Shared meals are helpful
to encourage healthy eating and dietary patterns as well. Setting a routine is very important for all ages.
According to the 2020-2025 Dietary Guidelines for Americans, children in the USA are not
meeting recommendations for diet quality. The Healthy Eating Index scores of children ages 2—4
is poor, and diet quality declines throughout childhood. Children of all ages do not meet recom-
mendations for daily servings of fruit or vegetables, and teenage children consume about half of the
recommended servings. Younger children meet recommended dairy intakes, but adolescents con-
sume less dairy than recommended. Children of all ages do not meet recommendations for whole
grains. However, protein intake typically meets recommendations, with the exception of adolescent
females. Children typically exceed recommendations for added sugars, saturated fat, and sodium.
The overall goal of adequate nutrition is to achieve appropriate weight gain throughout child-
hood, followed by maintenance of an ideal weight to support normal growth and development at the
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end of adolescence. Children grow through all stages of development, with 60% of their total weight
gain and height completed prior to the last stage of puberty during their teenage years. Dietary
intake of food and beverages provides macronutrients and micronutrients that are vital for all cells
and processes within the body.

TODDLERS

Toddlers are of a unique age group, as this is when eating behaviors and healthy habits are first
established. Toddlers are transitioning to more structured meal times, and due to their young age,
are still reliant on other people for their meals and snacks. Caregivers have a great influence on
developing the palate of children at this age, and with exposure to a variety of nutrient-dense foods
within each food group, they can help the child develop a healthy dietary pattern. This is important
as children develop more control of their food and beverage intake as they get older. Taste prefer-
ences are established early in life, but have the ability to change and grow over time.

The diet of the child is reflective of the household and environment she lives in most often. It
can be anxiety provoking at meal times as the child is learning to establish a routine and feed inde-
pendently. The child may be distracted throughout mealtimes as well, which can be chaotic. Their
preferences change and they may persistently eat a food for a while and then decide they do not like
the food and reject it. This is called a food jag, and is a normal part of toddlerhood as the child is
finding her independence. Eating together with toddlers can model a positive eating environment.

Children observe cues for appropriate feeding behaviors from their caregivers. This is why struc-
tured mealtimes and sitting at a table as a family unit are very important for the child’s development.

Between the ages of 1 and 5, appetites tend to diminish in comparison to infancy. After the rapid
growth of infancy, toddler growth is supported by less energy requirements per kilogram body-
weight, which is reflected in appetite. During this time, body mass index (BMI) also decreases as
children transition from the higher fat stores of infancy to the lean body habitus of a preschooler.
This can be of concern to caregivers as eating patterns change, fat stores decrease, and they may
feel that their child is not eating enough. Caregivers should receive anticipatory guidance about this
period of decreased appetite, which is not of concern if the child is following her growth curves.

When discussing nutrition and food intake with caregivers, identifying who decides the quan-
tity of food consumed (the child or the caregiver) is important in understanding how mealtimes
are viewed at home. It is important to educate the family on the division of responsibility for meal
times in order to promote a structured and less-chaotic eating environment. Learning about the eat-
ing environment is also crucial in understanding the various mealtime behaviors. Toddlers should
develop a structure of 3 meals/day with two to three nutritious snacks for adequate intake. If a child
goes to daycare, caregivers should ask what the child is offered and what is consumed there.

PRESCHOOLERS

Preschoolers are starting to develop more autonomy with their eating habits, and this is when picky
eating may first present. Caregivers should try not to cater to preferences, but rather to encourage
trying a variety of new foods when offered at meals. Continuing to limit distractions and screen use
during mealtime can encourage healthy eating environments. Structured family mealtimes continue
to be very important for both modeling of good behaviors and encouraging healthy intake. This
allows children to eat at a slower pace overall and chew food properly. Having conversations during
mealtimes allows the length of eating time to increase and may help with appropriate intake.

Picky EATERS

Children go through periods of eager food acceptance followed by food refusal. Although this is
normal, caregivers are often concerned that their child is a picky eater. When children are refusing
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certain foods, it is important for caregivers to continue to offer a variety of foods but not force a
child to continue to eat a food they do not like. Children have a natural preference for sweeter foods
and will tend to choose them over other more nutritionally dense choices. Reluctance to try new
foods is a common developmental stage that all children go through during their early years when
they are gaining more control over feeding themselves. Encouraging new foods repeatedly is impor-
tant to build upon their dietary intake. A new food should be introduced between 8 and 15 times
for adequate exposure before a caregiver can determine the child will not accept the new food. The
variety of preparations allows increased acceptance of foods. Due to a child’s natural preference to
choose sweet foods such as fruits, a useful strategy to increase consumption of often less preferred
vegetables includes offering them first. After a child has eaten vegetables, fruits or other foods can
be given to complete the meal.

Itis essential that caregivers do not cater completely to the child to encourage picky eating habits,
otherwise the child will continue with those behaviors. This again can cause stress in caregivers due
to concerns of children not eating enough. Appropriate growth as assessed by growth charts can be
very reassuring. Caregivers should try to ignore negative feeding behaviors unless there is concern
for the safety of the child. Caregivers should always be present during eating times and distractions
including television and screens should be limited.

PepIATRIC FEEDING DISORDER

It is important to distinguish between picky eating and a pediatric feeding disorder. A pediatric
feeding disorder has been defined as impaired oral intake that is not age-appropriate, and is asso-
ciated with medical, nutritional, feeding skill, and/or psychosocial dysfunction. From a nutrition
perspective, picky eaters typically do not have any nutrition dysfunction. When children with feed-
ing problems develop nutrition dysfunction as determined by malnutrition, significantly impaired
dietary diversity, or the need for high-calorie beverage supplementation/tube feeding, then they
have a pediatric feeding disorder. Other forms of dysfunction include: medical (aspiration or aspi-
ration pneumonia), skill-based (where a child needs to be fed in a manner that is atypical for age
[e.g., only pureed food to a 3-year-old]), and psychosocial (e.g., extreme anxiety during feeding in
the child or the caregiver). Pediatric feeding disorders require the care of a multidisciplinary team
including a dietitian, physician, speech-language pathologist, and psychologist.

SCHOOL-AGED CHILDREN

As children enter into school age, they become more capable of making their own food and bever-
age choices and are able to decide what to eat. The structure of the day is still present with standard
mealtimes as designed by their caregivers; however, they have more access to obtaining their own
snacks throughout the day. Another change at this time is the routine and structure of the day.
Children are in school and have a different schedule than at home with a specific time for meals.
While at home, continuing with structured family meals and limiting television or screen time dur-
ing meals is helpful as children continue to strengthen their eating habits. For the dietitian, it may be
difficult to determine the nutrient intake of foods consumed at school as well as to provide nutrition
interventions that can be implemented at school.

ADOLESCENTS

Adolescents become even more independent with choosing their food and beverages. The environ-
ments in which meals are consumed are varied; it is still important to encourage family dinnertime
around a table. Teens are also impacted by peer influences which can shape dietary preferences and
encourage unhealthy habits or exploration of alternative diets. Increased dining out and fast-food
consumption with more independence and accessibility can increase consumption of large portion
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sizes of energy-dense and low nutrient-density foods. This is also a common age for special dietary
practices to be established including vegetarianism and veganism. Caregivers should be aware of
dieting and hiding foods with concern for eating disorders that occur more frequently in this age
group (Chapter 22). Adolescents are more preoccupied with their weight and at risk for disordered
eating habits. Alcohol and caffeine intake often is initiated during adolescence. Due to these factors,
adolescents tend to have the greatest risk of dietary inadequacy compared to any other age group.

DIVISION OF FEEDING RESPONSIBILITY

Ellyn Satter has developed a Satter Division of Responsibility in Feeding that develops a partnership
between caregivers and their children with meal times. Caregivers are responsible for providing the
food (healthy and age-appropriate) and context in which meal time is set, while children are allowed
to learn to feed themselves and decide how much or if to eat. This allows children to develop an
understanding of the structure of meals as well as to help understand when to stop eating based on
being satisfied and can be applied at all ages.

Creating a setting with mealtimes as a family as well as sit-down snacks allows children to
understand the schedule. This allows caregivers to focus on creating meals that are healthy and
well balanced and allows the child the autonomy of eating the correct amount and to develop
their own relationship with food and choices. The foundation of this principle relies on a struc-
ture with scheduled mealtimes focused on sitting down to eat for both meal and snacks through-
out the day. This can be difficult in a busy household, but it is important as a child develops
his relationship with food. Eating regularly is important for adult health and is important to
establish at a young age.

This method also encourages caregivers to learn to trust their child and to not create negative
stigmas associated with mealtimes. Children are individuals and will take variable amounts of time
to adjust to meals and contents. Reducing pressure and anxiety around mealtimes allows children to
learn to explore. This can help to prevent picky eating as well.

MYPLATE

The US government has developed MyPlate which is a consumer translation of the Dietary
Guidelines for Americans. MyPlate allows for cultural and traditional values to be reflected in
mealtime along with personal preferences. The goal is to have half a plate of fruits and vegetables
focusing on whole foods as opposed to alternatives such as juices. Variety is very important both
for nutritional value and to encourage children to be open to new choices and options. The rest of
the plate should include whole grains and protein that again should be varied. Foods and beverages
with less added sugars, saturated fat, and sodium are also important. Dairy products including milk
and yogurt should be low fat or fat free (Figure 6.1).

MyPlate is a basis for building an optimal diet for children and adults. It is aimed at the general
population rather than healthcare providers and provides a nice visual representation of different
food groups and portion sizes (Table 6.1).

NATIONAL SCHOOL LUNCH PROGRAM

The National School Lunch program and the School Breakfast Program provide low-cost meals
for greater than 5 million children nationwide. Free and reduced-price meals are available for chil-
dren that meet income guidelines. These programs provide age-based portion sizes and appropriate
amounts of vegetables, fruits, and grains. There are minimum and maximum energy levels set with
appropriate portions based on age and gender (Table 6.2). At breakfast, a fruit must be chosen, and
at lunch it can be a fruit or a vegetable (Table 6.3). Bread and grain offerings should be whole grain.
Milk options should be fat free if there is a flavor, and plain milk should be fat free or 1% fat.
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FIGURE 6.1 MyPlate.

TABLE 6.1

Recommended Serving of Food Groups

Food Groups 12-23months  2-3years 4-8years Age 9-13years  Age 14-18years
Dairy (cups/day) 1.7-2 2-2.5 2.5 3 3

Protein (oz/day) 2 2-4 3-5.5 4-7 5-7
Grains (oz/day) 1.75-3 3-5 4-6 5-10 5-10
Fruits (cups/day) 0.5-1 1-15 1.5-2 1.5-25 1.5-2.5
Vegetables (cups/day) 0.7-1 1-1.5 1.5-2.5 1.5-3.5 2-4

Source: Adapted from United States Department of Agriculture (choosemyplate.gov).

TABLE 6.2
National School Lunch Program
Preschool Grades K-5 Grades 6-8 Grades 9-12
Food Group Minimum per day
Fruit (cups) Ya %3 %3 1
Vegetables (cups) Ya % % 1
Grains (ounce equivalents, unless Y4 Slice or % cup 1 1 2
otherwise noted)
Meat/meat alternatives (0z) 1% 1 1 2
Fluid milk (cups) Y4 1 1 1
Minimum-maximum energy - 550-650 600700 750-850

(kcal)

Source: Adapted from US Department of Agriculture National School Lunch Program Meal Pattern Chart.
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TABLE 6.3
National School Breakfast Program
Preschool Grades K-5 Grades 6-8 Grades 9-12
Food Group Minimum per day
Fruit (cups) 2 1 1 1
Vegetables (cups) May count towards fruit requirement
Grains (ounce equivalents, Y2 Slice or Y4 cup 1 1 1
unless otherwise noted)

Meat/meat alternatives (0z) May substitute for May count towards grains requirement

grains three times per

week
Fluid milk (cups) Y4 1 1 1
Minimum-maximum energy - 350-500 400-550 450-650

(kcal)

Source: Adapted from US Department of Agriculture School Breakfast Program Meal Pattern Chart.

COMMON NUTRIENTS OF CONCERN

Calcium is a micronutrient that is important for bone formation and calcification, muscle function
and contraction, and blood clot formation. Calcium is found in dairy products. Calcium is added to
many plant-based milks and is found in smaller amounts in some green vegetables including kale
and broccoli. If children are unable to meet their calcium needs from food alone, calcium supple-
ments may be needed to meet their needs.

Vitamin D helps intestinal absorption of calcium and phosphate and is important for bone devel-
opment and strength. Vitamin D is found in dairy products including fortified milk, as well as fish
and eggs. Vitamin D is also absorbed via the skin from sunlight. Patients with low vitamin D intake,
and especially those with low vitamin D laboratory values, will benefit from vitamin D supple-
mentation. Vitamin D deficiency presents with rickets or osteomalacia, with classic exam findings
including frontal bossing, bowed legs, and costochondral beading.

Teenagers following a restricted diet, such as a vegan diet, may be at risk of vitamin B,, defi-
ciency. Vitamin B,, (cobalamin) is important for making DNA through recycling tetrahydrofolate
and is found in many meats and fish with smaller amounts in milk and eggs. Consider vitamin B,
supplementation for children following a vegan diet.

Iron is a part of hemoglobin and necessary for oxygen transport by the red blood cells. Iron is
found in meat products and iron-fortified foods such as cereals. Toddlers are at higher risk of iron
deficiency, especially if they drink large amounts of milk (which interferes with iron absorption)
and consume low volumes of meat and iron-fortified foods. Children following a vegetarian or
vegan diet are also at risk of iron deficiency if iron-rich foods are not part of the daily diet. Iron
deficiency is associated with a microcytic anemia and can result in pallor or fatigue.

Water intake is very important to ensure adequate hydration. Intake is from consumption of vari-
ous foods and beverages. Water loss occurs through excretion of urine and stool as well as insensible
losses such as evaporative loss through skin and respiratory systems.

BEVERAGES

Milk and water are the recommended beverages for toddlers though adulthood. Milk is a good
source of protein and calcium and is an important part of the diet to help meet nutrient needs. If
a child is lactose-intolerant, lactose-free milk can be substituted. For children with a milk allergy,
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fortified soy milk is recommended due to its comparable nutrition profile to cow’s milk. Other
milk substitutes are available but provide varying amounts of protein, vitamins, and minerals (See
Chapter 15).

Juice is a common beverage offered to children. However, juice (even 100% fruit juice) is not a
necessary part of the diet. Children should receive the majority of their recommended fruit servings
from whole foods. If juice is included in the diet, it should not be offered until 2 years of age and
then limited to 4 oz/day for younger children and no more than 10 oz/day for adolescents.

Sugar-sweetened beverages are not necessary in a child’s diet. These include fruit drinks (not
100% juice), soda, sports drinks, and energy drinks. Sugar-sweetened beverages contribute to over-
all added sugar intake, do not contribute to meeting food group goals, and are a source of added
energy intake.

NUTRITION MANAGEMENT

NUTRITION ASSESSMENT

When doing an assessment of nutrition status of children, it should always begin with a detailed
history of their typical food and beverage intake. Gathering this information allows caregivers
and children to understand normal eating habits at home, and most of this information is gathered
through interview.

Specific questions to ask during the assessment include the types and varieties of food consumed,
including preparation method (baked, grilled, fried, etc.). Asking about where the child eats and the
mealtime setting and behaviors is also important. Diet history is helpful by identifying a 24-hour
food recall or keeping a food record for 3—7days. In addition to the actual dietary intake, asking
about different familial structures, religious associations, cultural practices, and beliefs is impor-
tant. Medications, including various herbal supplements or vitamins, are necessary as part of the
history. Identifying access to food and any food assistance program is also needed to better under-
stand the food environment a child has at home.

In addition to obtaining a detailed history through interview, observation of a child can tell a lot
about the nutritional status. This comes from the visual and/or physical assessment of the muscle
content, skin and hair quality, and how the child is acting in the exam room (Chapter 2). Use of
the medical record and notes from other providers are also helpful. Measurements are needed for
weight and length or height, and monitoring the trend over time helps to identify over- or undernu-
trition (Chapter 1).

Standard screening for nutrition status, including measuring weight and length or height, and
plotting on growth charts along with BMI, at every medical visit is important as well as routine lab
monitoring done by the primary care physician. Testing for anemia is done at age 1 year and then
subsequently repeated if a risk assessment is completed and there are concerns. Lipid screening
for dyslipidemia is done first between ages 9 and 11 years and then repeated between ages 17 and
21 years; however, it can be done at any age above 2 years if there are concerns. Vitamin D testing is
commonly done in patients who are at risk of deficiency including patients with diets low in vitamin
D foods, obese children, and those with darker skin.

NuUTRITION DIAGNOSIS

Common nutrition diagnoses in toddlers, children, and adolescents include:

* Inadequate energy intake
* Inadequate vitamin intake (specify)
* Inadequate mineral intake (specify)
* Undesirable food choices
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* Overweight/obesity
e Malnutrition (undernutrition)
* Inadequate fluid intake

Malnutrition occurs when there is an imbalance of essential nutrients, or a nutritional deficiency —
either from inadequate intake or increased requirements and needs. Children with malnutrition
will often have lethargy and fatigue and may present with alterations in psychological function.
Monitoring for malnutrition includes following serial weight and height measurements and should
also include calculating and plotting the weight for length or BMI. It is important to recognize
malnutrition in children, as it is associated with higher morbidity and mortality, and may lead to
electrolyte disturbances and an increased risk of infection (Chapter 10).

Obesity is defined as an excessive accumulation of body fat and has a high risk of morbidity and
mortality. Unfortunately, obesity is very common in the USA. One third of children and adolescents
are classified as overweight or obese and is based on BMI. In children age 2-20years, a BMI per-
centile is plotted and should be used for assessment. A BMI between 85th and 95th percentiles for
age and gender is considered overweight, and a BMI greater than 95th percentile for age and gender
is classified as obese. This is important to monitor over time. In children with rapidly rising BMI
percentiles (even before these thresholds are reached) or once a child is classified as overweight,
interventions can be done to improve the health of the child. This can include dietary changes as
well as increased physical activity and in certain situations may benefit from various programs and
clinics for obesity (Chapter 25).

NUTRITION INTERVENTION

Oral feeding starts during the first year of life with table food introduction. As children get older,
they become more autonomous with their feeding habits and are in charge of what food and bev-
erages they consume. Nutrition education is important to incorporate at all well-child visits and,
if needed, at other visits with healthcare providers. Nutrition education on what is appropriate
intake for adequate growth and energy requirements should first be addressed with the caregivers
of infants. As children get older, they should start to engage in conversations and be able to discuss
food preferences and intake more independently.

MyPlate may be used to educate children on age-appropriate portion sizes and discussion of food
groups. Specific recommendations should be made for areas identified in the nutrition assessment,
including calcium and iron intake.

In settings where there is concern for undernutrition or lack of weight gain, nutritional supple-
ments such as high-energy nutrition shakes are used to help with weight gain. This can be helpful
with growth and should be an addition to what they are eating, not to replace daily nutritious meals.

When there is concern for inadequate nutrition or poor growth, referral to pediatric subspecial-
ists is warranted, including, but not limited to, a dietitian. If there is concern for poor weight gain or
a malabsorptive process, referral to a pediatric gastroenterologist can be helpful. With concerns for
overweight or obesity, referral to a pediatric gastroenterologist or a pediatric endocrinologist may
be beneficial. Endocrinology referrals should also be considered in the setting of stunting, or poor
linear growth.

MONITORING AND EVALUATION

Monitor growth regularly and plot on the appropriate growth chart to ensure a patient is following
their growth pattern. Patients deviating from their growth pattern or with weight gain or loss outside
of recommendations for age may require nutrition reassessment (Chapter 1).

A healthy, well-balanced diet is important for children. As children grow and develop, their
eating patterns and feeding skills change. It is important to establish good eating habits early and
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to address any feeding concerns quickly to prevent future problems. Childhood is a time of rapid
growth and development, and adequate nutrient intake is essential in promoting development and
preventing nutrient deficiencies.
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Managing nutrition support therapy is ideally orchestrated by a multidisciplinary team of nutri-
tion support clinicians from the following disciplines: dietitian, pharmacist, physician, nurse,
speech-language pathologist, occupational therapist, psychologist, and social worker.

The multidisciplinary nutrition support team (NST) evaluates the child’s clinical condition, the
indications for nutrition support therapy, and the anticipated duration of nutrition support therapy to
be able to determine the most appropriate enteral or parenteral access device.

In 2013, there were over 400,000 patients receiving home enteral nutrition (EN) via enteral
access devices (EADs), which is just over 1/1,000 U.S. inhabitants. Of these, almost 200,000 were
pediatric patients. At the same time, there were ~25,000 patients receiving home parenteral nutri-
tion (PN), which is 0.08/1,000 U.S. inhabitants. Of these, ~4,000 were pediatric patients. In 2001, it
was estimated that 11,000 gastrostomy tubes are placed annually in U.S. children <18 years of age.
One study reported that 24% of neonatal and pediatric hospitalized patients had an EAD.

ENTERAL ACCESS DEVICES

SHORT-TERM ENTERAL Access DEVICES

Nasogastric (NG), orogastric (OG), and nasojejunal (NJ) tubes are classified as short-term (or tem-
porary) EADs. NG tubes are inserted through the nares and the tip of the tube is in the stomach.
OG tubes are inserted through the mouth with the tip of the tube in the stomach. NG and OG tubes
provide nutrition, hydration, and/or medication directly into the stomach. In contrast, NJ tubes are
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inserted through the nares with the tip of the tube in the jejunum. NJ tubes bypass the stomach
and provide nutrition, hydration, and/or medication directly into the small intestines (jejunum).
Traditionally, NG tubes are placed at the bedside and NJ tubes are placed under fluoroscopy.

When the child’s clinical condition warrants consideration for short-term EN, a multidisci-
plinary NST should assess the child’s clinical condition to evaluate if there are contraindications
to non-surgical tube placement. These short-term EADs are typically nasal or oral tubes which
can provide enteral access during the initial 4—-6 weeks and up to 12 weeks. These tubes are con-
sidered unsafe in patients with severe oro-maxillary congenital defects, or patients with tracheo-
esophageal fistula, esophageal atresia, or basilar skull fracture as these conditions make blind
tube placement unsafe. Similarly, trauma or burns to the face or pharynx can be contraindications
to short-term EADs. Oncology patients experiencing pharyngeal or esophageal mucositis or low
platelet counts warrant due diligence in weighing the benefits and risks associated with short-term
EAD placement.

An NG tube is passed through the nose and into the stomach. An OG tube is passed through the
mouth and into the stomach. The most common indication for using an OG tube is nasal trauma or
birth defect and endotracheal intubation. These patients are typically in an intensive care setting
where a trained nurse places the OG tube with the neonate or child being sedated.

Both OG and NG tubes are used when gastric emptying is adequate to allow EN and gastric
contents to leave the stomach. Gastric feeding is the preferred method for initial feeding for most
children. However, if there are concerns about aspiration of gastric contents into the lung or signs of
delayed gastric emptying, a trans-pyloric tube (with the tip in the jejunum) may be indicated.

An NJ tube is a trans-pyloric tube. It is passed through the nose and into the jejunum. It is
placed by an interventional radiologist under fluoroscopy or, in some cases, by a trained nurse at
the bedside. The multidisciplinary NST then reassesses the child’s clinical condition to evaluate if
a longer-term EAD is needed.

LoNG-TerM ENTERAL Access DEVICES

When the child’s clinical condition is anticipated to require EN for a duration longer than 4—12 weeks,
a more secure and more stable type of EAD is warranted. Long-term, or durable, EADs are placed
through the skin (percutaneous) into the digestive system, using either endoscopic, surgical, or inter-
ventional radiologic techniques. The most common long-term EAD is the gastrostomy (G) tube.
Other long-term EADs are the gastrojejunostomy (GJ) and jejunostomy (J) tubes. Progression of
oral-motor skill development and oral intake should be included in the enteral nutrition plan when
medically appropriate, despite dependence on an EAD for nutrition support therapy. The multidis-
ciplinary NST should continue to reassess the child’s clinical condition. When deemed appropri-
ate, the team should encourage advancing oral feeding and weaning off EN, if indicated. Table 7.1
compares short-term tubes with long-term tubes in terms of clinical indications, advantages, and
disadvantages.

Balloon Versus Non-Balloon Enteral Access Devices

This tube classification refers to the type of internal bolster that keeps the EAD in the correct place.
Balloon gastrostomy tubes have an inflatable balloon that keeps these tubes in place; this makes
them the most preferred EAD since the balloon facilitates easy replacement at the bedside and in the
home setting. The use of non-balloon tubes is limited to situations where the balloon fails often or
the balloon itself is too close to the pylorus and intermittently prevents gastric emptying, therefore
resulting in vomiting and feeding intolerance. Figure 7.1 depicts balloon gastrostomy tubes and
non-balloon tubes. Table 7.2 compares balloon gastrostomy tubes with non-balloon tubes in terms
of indications, advantages, and disadvantages.
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TABLE 7.1

Short-Term Devices Versus Long-Term Devices: Clinical Indications, Advantages, and

Disadvantages

Enteral Nutrition Access

Device Indications

Short-term enteral access ¢ Duration anticipated
4-6 up to 12 weeks

¢ Temporary

device
(nasogastric [NG],

orogastric [OG],

nasojejunal [NJ])

Long-term enteral access ¢ Duration anticipated to
be long-term

(>4-12 weeks)

device (gastric [G],
gastrojejunal [GJ], jejunal

Advantages

Can be placed at the
bedside

NG tubes can be
replaced by a trained
caregiver

No surgery required

No sedation required
Can be readily
discontinued

Some older adolescents
will opt for an NG tube
(for nocturnal feeds) to
avoid body image
issues with a G tube.
They self-insert their
tube every night

More stable than
short-term devices
Lower likelihood of

Disadvantages

May be accidentally pulled
Dislodgement leads to
interruption of feeds with
consequent loss of energy
and/or hydration

Excess retching or vomiting
can cause dislodgement
May require X-ray to verify
placement

NJ tubes require placement
by a trained clinician and
may require fluoroscopy

Initially requires surgery
and anesthesia to be
surgically placed

[JD) dislodgement and ¢ May have surgical
hence or loss of energy complications associated
and/or hydration with initial placement

@ e Safety Plug Balloon Valve
(CH Glow Green"™ Feed Port Safety Plug
1 ~ Feeding Port/ Interlock
@i e Soft External Bolster
Lot Number
@® Tapered
* - Anti-Reflux Valve/
Bolster (Post Deployment) One Way Valve
.Q@ Removal Tool External Bolster
\ Bolster (Pre-Deployment) Internal Balloon
AMT
MiniONE'
Balloon Button
¢ @ AMT;
Al MiniONE
S Non-Balloon Button
“:—:
FIGURE 7.1 Balloon gastrostomy tubes and non-balloon tubes. (a) A non-balloon gastrostomy tube and

(b) a balloon gastrostomy tube. (Images courtesy of Applied Medical Technology, Inc.)
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TABLE 7.2
Balloon Gastrostomy Tubes Versus Non-Balloon Tubes: Indications, Advantages, and
Disadvantages

Enteral Nutrition

Access Device Indications Advantages Disadvantages
Balloon gastrostomy ¢ Any age * Balloon facilitates e There may be possible risk of
tube bedside replacement balloon obstructing the
e A trained caregiver pylorus in neonates
can replace the tube * If excess retching/vomiting,
* Replacement involves there may be higher chances
minimal trauma, of frequent balloon breakage

minimal discomfort, or
bleeding

e Can be routinely
upsized as the child

Srows
Non-balloon ¢ Children whom the balloon ¢ Lower dislodgement * Higher skin breakdown risk if
gastrostomy tube was noted to obstruct their risk not resized during growth
pylorus on contrast imaging ¢ May last 8—12 months spurts
¢ Patients who have frequent * Caregivers cannot replace
balloon failures from * Difficult to replace at bedside
excess retching/vomiting and ideally sedation is used

during replacement

* Replacement may involve
higher risk of trauma,
discomfort, or bleeding

High-Profile Versus Low-Profile Enteral Access Devices

This classification refers to the external part of the EAD that is above the skin. A low-profile gas-
trostomy tube refers to the device that has its outer bumper at skin level. It often is referred to as a
“button”. Figure 7.2 depicts the high-profile and the low-profile tubes.

The high-profile tube is a long tube extending above the gastrostomy site and visible above the
skin. While caregivers tend to prefer low-profile tubes (buttons) over high-profile tubes, the lat-
ter allow for more skin protection by providing flexibility to adjust the external bolster above the
skin level to accommodate for abdominal distension or a large body habitus. Table 7.3 compares
high-profile tubes with low-profile tubes in terms of indications, advantages, and disadvantages.

Gastric Versus Trans-Pyloric Enteral Access Devices

This classification refers to the location of the tube tip where enteral feeds are delivered. A gastric
enteral access device delivers EN and enteral medications into the stomach. Examples include the
NG tube, the OG tube, and the G tube. A trans-pyloric EAD delivers enteral feeds beyond the stom-
ach. Examples include NJ tubes, the GJ tubes, and J tubes. Table 7.4 compares gastric tubes with
trans-pyloric tubes in terms of indications, advantages, and disadvantages.

ENTERAL Access DEevice Issues AND RECOMMENDED TROUBLESHOOTING

Leakage at Gastrostomy Site

Leakage around the gastrostomy tube site is one of the most common symptoms that caregivers
describe. This may occur due to an overstretched stoma from excessive tube pulling, a deflated
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FIGURE 7.2 High-profile and low-profile tubes. (a) A high-profile gastrostomy tube and (b) a low-profile
gastrostomy tube. (Images courtesy of Applied Medical Technology, Inc.)

TABLE 7.3

High-Profile Tubes Versus Low-Profile Tubes: Indications, Advantages, and Disadvantages

Enteral Nutrition Access
Device

High-profile tube

Low-profile tube

Indications

¢ Anterior abdominal
wall thickness >5cm

¢ Intermittent abdominal
distension

¢ Fluctuations in weight

¢ Older teen, adolescent,
adult

¢ Large body habitus

e Anterior abdominal
wall thickness <5 cm
* Any age

Advantages

Adjustable outer
disk/bolster is wide and
cushioned

The silicon grade of the
bolster is skin-friendly
The balloon facilitates
bedside replacement by
the trained clinician
There is lower risk of
skin breakdown since
the adjustable disk
facilitates frequent
resizing

Less visible under
clothes

Preferred for positive
body image

Balloon facilitates
bedside replacement by
the trained caregiver
Lower dislodgement
risk

Disadvantages

Long tube is visible above
skin level

There is a risk of
accidental avulsion or
trauma if tube catches or
snags on something
Patients may pull on the
tube

Patients with larger body
habitus likely to require
fluoroscopy-guided
replacement

Caregivers are instructed
to not replace it at bedside
and to have a trained
clinician replace it

No adjustable outer
disk/bolster

Requires tube length
resizing during growth
spurts or significant
weight loss

e There is higher risk of

skin breakdown if not
appropriately sized in
comparison to the
high-profile tube
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TABLE 7.4
Gastric Tubes Versus Trans-Pyloric Tubes: Indications, Advantages, and Disadvantages

Enteral Nutrition Access

Device Indications Advantages Disadvantages
Gastric tube * Any age ¢ Most tubes can be ¢ Risk of aspiration
inserted at bedside as compared to trans-pyloric
well as by trained feeds
caregivers ¢ There is risk of not

tolerating feeds in
dysmotility or

gastroparesis
Trans-pyloric tube * Recurrent aspiration e There is lower risk of » Cannot be exchanged at
e Chronic or worsening aspirating feeds, but the bedside by the
lung disease risk is not entirely caregiver
¢ Duodenal hematoma eliminated ¢ With surgically placed
* May be considered in * Better chances of jejunostomy tubes, there
severe acute tolerating feeds in is risk of volvulus around
pancreatitis, depending gastroparesis or jejunal segment that
on clinical setting dysmotility contains the tube

May last 4-6 months For nasojejunal and
gastrojejunal tubes, there
is a risk of dislodgement
back into stomach or
kinking of tube
e There is risk of clogging
¢ Requires fluoroscopy-
guided interventional
radiology and/or
endoscopic replacement

balloon, feeding intolerance, or a delay in gastric emptying. Another common cause is scoliosis of
the spine, which leads to the tube sitting above the skin at an angle that prevents a proper seal at
the junction of the tube with the skin. Rarely, the leak is severe enough to cause the child to lose
large volumes of enteral formula or gastric juices. Consistent leakage from the site may contribute
to malnutrition, dehydration, skin breakdown, and electrolyte abnormalities.

While there are many ways to attempt remedy a leaking tube, it is never appropriate to place a
larger diameter tube as that will simply enlarge the stoma and worsen leakage. The amount of water
in the balloon should be checked. If the water in the balloon is low, it should be inflated to the rec-
ommended amount. If the leak is noted to occur after bolus feeds, a slower feeding pump rate may
be tried or a prokinetic agent may be added to help the stomach empty more effectively. Venting
the tube prior to and after feedings may also be effective. Finally, a tube change may be warranted.
Work with the NST to determine the cause of tube leakage and the best course of action to prevent
further leakage.

Granulation Tissue at Gastrostomy Site

Granulation tissue is excess tissue that appears around the stoma site. Some children are more
prone to granulation tissue. This complication is more likely to occur with increased movement
and pulling on the tube. It is further exacerbated by excess moisture around the site. If not treated,
granulation tissue may become infected or may continue to increase in size, causing bleeding and
discomfort. If the granulation tissue develops an epithelialized layer above it, this will leave a raised
ridge above the skin. For these reasons, it is important to manage and eliminate the development of



Enteral and Parenteral Devices 95

granulation tissue. To minimize the chances of developing granulation tissue, the extension tubing
should be disconnected from the EAD when not in use, and the peristomal skin should be kept clean
and dry with a moisture wicking dressing. Depending on the severity, granulation tissue may be
treated by a provider or nurse with moisture wicking dressing, topical medication, or silver nitrate.
Work with the NST to determine the best course of treatment for granulation tissue.

Clogged Enteral Access Devices

Prevention of EAD clogging or occlusion is of paramount importance to minimize interruption of
feeds, fluids for hydration, or enteral medications. This is best achieved by properly flushing the
tube after medication administration and, whenever possible, separating medications from feeds.
Tubes should be flushed with water after every bolus feed and at least every 8 hourly with continu-
ous feedings. Prompt attention to pump alarms is also important; if an occlusion is discovered, it
should be dealt with as quickly as possible. Small syringes create high intraluminal pressures and
may damage the EAD. In order to reduce the risk of rupturing the structure of the EAD, the largest
functional syringe size should be used; 30-50 mL syringes are recommended. Use 15-30 mL water,
in a 50mL syringe, and a pull/push action. Other liquids that used to be used including carbonated
beverages, cranberry juice, or other solutions with an acidic pH lack evidence and should not be
used.

Factors that can contribute to tube clogging include the use of long tubes, small bore tubes, tube
composition and lack of routine flushing especially in trans-pyloric tubes, drug-nutrient interac-
tions, or drug-drug interactions. Routine flushing with water is considered the best method to pre-
vent tube clogging and the use of a pulsatile motion with a large syringe of water is the first-line
treatment to unclog tubes. Polyurethane tubes have been shown to be better at maintaining patency
than silicone tubes. Another contributing factor to tube clogging is checking gastric residual vol-
umes where acidic fluid is aspirated into the tube mixing with formula in the narrow bore tube
leading to the coagulation of formula.

The inability to flush the tube does not always mean that it is clogged. Tubes can kink and stop
formula or medication administration. Troubleshooting involves placing a syringe on the end of the
tube and attempting to instill water. If unable to instill water, gently pulling the tube back 1-1.5cm
while simultaneously attempting to instill water will often unkink the tube.

Other preventive measures to maintain tube patency involve careful attention to detail when
giving medications. It is not recommended that medications be added to enteral formula. Flushing
with water before and after each medication is administered is recommended but not always done in
neonatal or pediatric practice due to fluid restrictions. If flushing with water is done, it is performed
using the least amount of water to clear the tube. Tablet medications should be finely crushed and
dissolved in water prior to administration. Enteric-coated or extended-release medications should
never be crushed. Trans-pyloric tubes must be flushed every 4—6hours with enough water to clear
the tube. Medications should be scheduled in such a way to avoid the administration of multiple
medications at one time if possible. Routine checking of gastric residual volumes should be avoided.

Dislodgement of Enteral Access Devices

While new, or primary, EADs often require replacement by the medical team, some established
EADs can be replaced by trained caregivers. Consult the NST to determine if an EAD can be
replaced at home or requires medical intervention. A description of the action plan for dislodgement
based on the type of EAD is described in Table 7.5.

PARENTERAL ACCESS DEVICES

Like EADs, when determining the type of parenteral access device (choice of central vascular cath-
eter) to be utilized to provide PN, the multidisciplinary NST evaluates the child’s clinical condition,
indications for PN, and the anticipated duration of nutrition support therapy.
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TABLE 7.5

Action Plan of Tube Dislodgement Based on the Type of Enteral Access Device (EAD)
Dislodged Tube Intervention

Nasogastric tube Caregiver is trained to re-insert nasogastric tubes and verify placement

Low-profile balloon tube Caregiver can re-insert the tube, but if the re-insertion faces resistance, bleeding, or inability

to aspirate gastric contents after placement, have the child seen at the hospital
Low-profile non-balloon tube
High-profile balloon tube Caregiver should have the child seen at the hospital so that an EAD can be inserted at the
All trans-pyloric tubes bedside and placement be verified

Peripheral venous access devices can be used to provide hydration, some intravenous medica-
tions, and partial PN. However, the provision of complete parenteral nutrition requires central venous
access. Central venous access delivers PN to the distal vena cava or the right atrium (Figure 7.3).
This central venous access ensures that caloric provision is optimized, since the provision of PN
through a peripheral intravenous catheter limits the osmolality of the parenteral nutrition solution
and hence the energy that can be provided.

Typres oF CENTRAL LINES AND INDICATIONS FOR EACH TypE

Non-tunneled catheters are intended for short-term use and are often used in the hospital set-
ting. They are typically placed at the bedside. Peripherally inserted central catheters (PICCs)
often have an exit site in an extremity (antecubital or femoral), which may impact freedom of
movement (Figure 7.3). For other non-tunneled catheters, the exit site may be at the jugular or
subclavian (Figure 7.4). PICCs are often placed by interventional radiology and can be used
for several months; they are often a good choice for children that require PN for up to several
months.

Tunneled catheters are intended for long-term PN (Figure 7.5). They are placed in the operating
room or interventional radiology suite and have a lower infection risk compared to non-tunneled
catheters.

Implanted ports are another type of central access device, where the exit site is placed under the
skin. They are not intended for daily PN administration. Instead, they are often used for patients
requiring intermittent access such as patients with intravenous chemotherapy.

Table 7.6 compares the types of PN vascular access devices in terms of their clinical indications,
advantages, and disadvantages.

Preventing Central Vascular Catheter infections

Catheter-Related Blood Steam Infection (CRBSI) is the most common complication in children
receiving PN, leading to prolonged hospitalizations and added cost, risk of developing microbial
strains that are multidrug resistant, risk of losing central vascular access, and mortality. CRBSI
is defined as bacteremia or fungemia in a patient who has an intravascular device and > positive
blood culture result obtained from the peripheral vein with clinical manifestations of infection (e.g.,
fever, chills, and/or hypotension) and no apparent source for the infection other than the central
venous catheter.

Central Line-Associated Blood Stream Infection (CLABSI) is the term used by the Centers
for Disease Control and Prevention’s (CDC’s) National Healthcare Safety Network (NHSN)
and is defined as primary blood stream infection in a patient that had a central line within the
48-hour period before the development of the infection and is not related to an infection at
another site.



Enteral and Parenteral Devices 97

Internal catheter

Incision to
insert catheter

External catheter

Cap

FIGURE 7.3 Peripherally inserted central catheter.

Incision to
insert catheter

Cap

FIGURE 7.4 Non-tunneled catheter.

Tunnelled catheter

Cuff

Exit site

External catheter

Cap

FIGURE 7.5 Tunneled catheter.



98

Pediatric Nutrition for Dietitians

TABLE 7.6

Types of Parenteral Nutrition Vascular Access Devices, Clinical Indications, Advantages,

and Disadvantages
Parenteral Nutrition
Vascular Access Devices

Non-tunneled catheters .
(Figures 7.3 and 7.4)

Tunneled (Figure 7.5)

Implanted port .

Indications
Clinical Setting

Short-term, acute
setting

Jugular, subclavian,
antecubital, femoral
Peripherally inserted
central catheter (PICC)

Long-term, home care
Percutaneous jugular,
subclavian, cephalic
Subcutaneous anchor,
Dacron cuff facilitates
fibrous ingrowth

Port via subclavian,
jugular

Advantages

Lower cost

Easy removal and
exchange over guide wire
Placed at the bedside

Repairable (silicone only)
Infection risk lower
Polyurethane more
durable (not repairable)
Single lumen silicone
Ethanol-lock-compatible
(silicone only)
Long-term, intermittent
access (not to be used for
daily PN administration)
No external segment
Positive body image

Disadvantages
Non-repairable
Requires sutures
No cuff
Higher infection risk
(exchange over guide
wire)
Antecubital may impact
arm freedom of movement
Operating room for
placement and removal or
Interventional Radiology
suite

Needle dislodgement
Malfunction

Operating room or
interventional radiology
for placement & removal

What Is the Difference between CRBSI and CLABSI?

CRBSI is a clinical definition used when diagnosing and treating patients and requires specific
laboratory testing that more thoroughly identifies the catheter as the source of the BSI, so is not typi-
cally used for surveillance purposes; while CLABSI is a surveillance definition and overestimates
the true incidence of CRBSI as some blood stream infections are secondary to other sources other
than the central line that may not be easily recognized. Nevertheless, both terms are often used
interchangeably even though the meanings differ.

In addition to morbidity and mortality, half a million cases of CRBSIs in the USA each year are
directly linked to increased costs. Preventing line infections is achieved with meticulously follow-
ing central line care instructions and when indicated, the use of ethanol lock therapy in appropriate
candidates.

Managing Central Venous Catheter Occlusion

Catheter occlusion is a common mechanical complication of central venous catheters. Depending
on the cause, catheter occlusions may be treated with repositioning the extremity or with a medi-
cation such as a thrombolytic. Contacting the vascular access team can help troubleshoot this
complication.

Enteral and parenteral access devices are necessary to provide nutrition support therapy. It is
important for the dietitian to understand the patient’s access device in order to recommend an
appropriate nutrition prescription for that device. In general, short-term EADs (NG, OG, NJ) are
to be used for 4—6weeks, up to 12weeks. Patients requiring longer enteral access should have
a long-term access device placed. Pediatric PN is best administered using a central (not periph-
eral) venous catheter. The dietitian should work with the NST to troubleshoot and resolve enteral
and central access device issues quickly so the patient can receive the prescribed nutrition support
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therapy. For enteral and parenteral access devices in the home setting, proper training and education
is required in order for caregivers to properly care for the device.
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Enteral nutrition (EN) is the use of a liquid nutrition delivered via tube directly to the gastroin-
testinal tract. EN is used in patients who are unable to meet their nutrient needs orally. EN is pre-
ferred over parenteral nutrition (PN) and is used in patients with a functional gastrointestinal tract.
Formula selection, delivery method, and feeding schedule are dependent on the child’s age, medical
condition, tolerance, and location of the tube. As patients grow and develop, their nutrient needs
and feeding schedules change, resulting in the need for frequent reassessment and adjustment of the
EN plan. Pediatric EN may require a multidisciplinary approach including physicians, dietitians,
speech-language pathologists, occupational therapists, and psychologists in order to evaluate oral
feeding skills and help the child advance toward oral feedings.

INDICATION AND ADMINISTRATION OF ENTERAL NUTRITION

EN is preferred over PN due to its ability to preserve gut barrier function, mucosal integrity, and
mucosal immunologic function, thus, reducing risk of infection. It causes fewer metabolic compli-
cations and is significantly more cost effective. Indications for EN are varied and include:

* Inadequate oral intake (due to poor oral feeding skills, fatigue, increased energy needs,
medical causes of inadequate intake including sedation)

* Dysphagia or aspiration resulting in unsafe oral feedings

* Decreased gastric emptyi