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Foreword

It gives me great pleasure to write the foreword
for the third edition of Clinical Paediatric Dietetics.
This edition clearly shows the diversity of areas
paediatric dietitians work within, from clinical
dietetics to community nutrition. The new struc-
ture recognises the important extent of the role
dietitians play in the health care of sick infants and
children.

Recognition should be given to The Paediatric
Group of the British Dietetic Association for their
evidence based and practical approach. Vanessa
and Margaret should once again be sincerely con-
gratulated for managing contributions from almost

40 dietitians with valued input from a significant
number of others — a task that would overwhelm
many.

The value of this book is recognised not only by
dietitians but also by many other health profession-
als as an excellent source of reliable information
to ensure optimal nutritional care is given to sick
infants and children.

Dame Barbara Clayton DBE

Honorary Research Professor in Metabolism,
University of Southampton

Honorary President, The British Dietetic Association



Preface

The aim of this manual is to provide a very practical
approach to the nutritional management of a wide
range of paediatric nutritional disorders that may
benefit from nutritional support or be ameliorated
or resolved by dietary manipulation. The text will
be of particular relevance to professional dietitians,
dietetic students and their tutors, paediatricians,
paediatric nurses and members of the commun-
ity health team involved with children requiring
therapeutic diets. The importance of nutritional
support and dietary management in many paedi-
atric conditions is increasingly recognised and is
reflected in new text for this edition.

The authors are largely drawn from practising
paediatric dietitians around the United Kingdom,
with additional contributions from academic re-
search dietitians and a psychiatrist. The text has
been reorganised for this edition and includes a
thorough review of the scientific and medical litera-
ture to support practice wherever available. The
major part of the text concentrates on nutritional
requirements of sick infants and children in the
clinical setting. Normal dietary constituents are
used alongside special dietetic products to pro-
vide a prescription that will control progression
and symptoms of disease whilst maintaining the
growth potential of the child. There is a new section
on community nutrition including healthy eating
throughout childhood. We acknowledge that the

distinction between clinical dietetics and nutrition
in the community is rather arbitrary since many
clinical conditions are dealt with in the community,
and the principles of healthy eating underpin many
clinical interventions.

New topics have been added: nutrition support
in critical care, autistic spectrum disorders, preven-
tion of food allergy. There has been an expansion of
the range of disorders and treatments described in
many chapters, e.g. gastroenterology, liver disease,
gut transplantation, cardiac conditions, fatty acid
oxidation defects; and new recommendations and
guidelines for parenteral nutrition, feeding preterm
infants and assessing children with neurodisabilities.

Arranged under headings of disorders of organ
systems rather than type of diet, and with much
information presented in tabular form and with
worked examples, the manual is easy to use.
Appendices list the many and varied special pro-
ducts described in the text, together with details
of their manufacturers. The appendices are not
exhaustive, but include the products most com-
monly used in the UK. The most recent information
and data has been used in the preparation of this
edition, but no guarantee can be given of the valid-
ity or availability at the time of going to press.

Vanessa Shaw
Margaret Lawson
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Nutritional Assessment, Dietary
Requirements, Feed Supplementation

Vanessa Shaw & Margaret Lawson

Introduction

This text provides a practical approach to the
dietary management of a range of paediatric dis-
orders. The therapies outlined in Parts 2 and 3
describe dietetic manipulations and the nutritional
requirements of the infant and child in a clinical
setting, illustrating how normal dietary constitu-
ents are used alongside special dietetic products to
allow for the continued growth of the child while
controlling the progression and symptoms of dis-
ease. Nutrition for the healthy child and nutritional
care most often provided in the community setting
is addressed in Part 4.

Dietary principles

The following principles are relevant to the treatment
of all infants and children and provide the basis for
many of the therapies described later in the text.

Assessment of nutritional status

Assessment and monitoring of nutritional status
should be included in any dietary regimen, audit
procedure or research project where a modified
diet has a role. There are a number of methods
of assessing specific aspects of nutritional status,
but no one measurement will give an overall pic-
ture of status for all nutrients. There are several

assessment techniques, some of which should be
used routinely in all centres while others are still
in a developmental stage or are suitable only for
research. Figure 1.1 outlines the techniques that can
be used for nutritional assessment.

Dietary intake

For children over the age of 2 years food intake is
assessed in the same way as for adults: using a
recall diet history, a quantitative food diary over a
number of days, a weighed food intake over a num-
ber of days or a food frequency questionnaire [1].
For most clinical purposes an oral history from the
usual carers (or from the child if appropriate) will
provide sufficient information on which to base
recommendations. As well as assessing the range
and quantity of foods eaten it is also useful to assess
whether the texture and presentation of food is
appropriate for the age and developmental level of
the child. For instance, does the child use an infant
feeding bottle or a cup; is the child able to self-feed
or need a lot of help; is the food of normal consist-
ency, as eaten by the family, or is it a smooth purée,
chopped or mashed?

The assessment of milk intake for breast fed
infants is difficult and only very general estima-
tions can be made. Infants can be test-weighed
before and after a breast feed and the amount of
milk consumed can be calculated. This requires the
use of very accurate scales (+1-2 g) and should be
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Nutrient intake

First line or basic assessment

Clinical assessment

Anthropometry
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Second line tests, as indicated by results from basic assessment
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Figure 1.1 Nutritional assessment methods.

carried out for all feeds over a 24-hour period as the
volume consumed varies throughout the day. Test-
weighing should be avoided if at all possible as it is
disturbing for the infant, engenders anxiety in the
mother and is likely to compromise breast feeding.
Studies have shown that the volume of breast milk
consumed is approximately 770 mL at 5 weeks and
870 mL at 11 weeks [2]. In general, an intake of
850 mL is assumed for infants who are fully breast
fed and over the age of 6 weeks, with additional
intake from food at the appropriate weaning age.
Estimation of food intake is particularly difficult in
infants, as it is not possible to assess accurately the
amount of food wasted through, for example, spit-
ting or drooling.

Conversion of food intake into nutrient values
for young children may involve the use of manu-
facturers’ data if the child is taking proprietary
infant foods and/or infant formula. The composi-
tion of breast milk varies and food table values may
be inaccurate by up to 20% because of individual
variation.

Assessment of the adequacy of an individual cal-
culated nutrient intake for sick and for healthy
infants and children is discussed in the section on
Dietary Reference Values (see p. 10).

Anthropometry

Measurement of weight and height or length is
critical as the basis for calculating dietary require-
ments as well as monitoring the effects of dietary
intervention. Other anthropometric measurements
are summarised in Table 1.1.

Head circumference

Head circumference is a useful measurement in
children under the age of 2years, particularly
where it is difficult to obtain an accurate length
measurement. After this age head growth slows
and is a less useful indicator of somatic growth.
A number of genetic and acquired conditions
will affect head growth (e.g. neurodevelopmental
delay) and measurement of head circumference
will not be a useful indicator of nutritional status in
these conditions. Head circumference is measured
using a narrow, flexible, non-stretch tape. Details
of a suitable disposable paper tape are available
from the Child Growth Foundation (see p. 20).
Measurement should be made just above the eyes
to include the maximum circumference of the head,
with the child supported in an upright position and
looking straight ahead.

Weight

Measurement of weight is an easy and routine pro-
cedure using an electronic digital scale or a beam
balance. Ideally, infants should be weighed nude
and children wearing just a dry nappy or pants,
but if this is not possible it is important to record
whether the infant is weighed wearing a nappy,
and the amount and type of clothing worn by older
children. For weighing infants up to 10 kg, scales
should be accurate to 10 g; for children up to 20 kg,
accuracy should be +20 g and over 20 kg it should
be about 50-200 g. A higher degree of accuracy is
required for the assessment of sick children than for
routine measurements in the community. Frequent
weight monitoring is important for the sick infant
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Table 1.1  Anthropometric measurements.

5

Measurement Derived indices

Comments

Head circumference Head circumference for age

Weight Weight for age

Weight for age z score

Length/height Length/height for age
Length/height for age z score

Height age

Weight for stature
Body mass index (W/H?)
Body mass index z score

Mid arm circumference for age
Mid arm circumference z score

Mid arm circumference
Skinfold thickness (SFT)  Triceps SFT for age
Waist circumference for age

Waist circumference

Hip circumference Waist : hip ratio

Easy to measure; useful up to the age of 2 years; useful as proxy for
length increase; does not normally change rapidly
Affected by medical condition; may not indicate nutritional status

Easy to measure; useful on a day to day basis
Does not differentiate between lean tissue, oedema and body fat

Not easy to measure accurately — needs more than one person to
measure; does not change rapidly
Best overall indicator of nutritional wellbeing

Useful for children with low height age
BMI indicates relative weight for height, but does not differentiate
between lean and fat tissue

Easy to measure; useful up to the age of 5 years
Less likely to be affected by water retention or fat deposition than
body weight

Difficult to measure accurately; unpleasant procedure for children
Usually triceps only are used in children
Distinguishes between lean and fat tissue

Easy to measure, although requires removal of clothes
Distinguishes between high weight due to muscle bulk and that
due to fat

Easy to measure
No standards for children

or child and hospitalised infants should be
weighed daily if there are problems with fluid
balance, otherwise on alternate days; children over
the age of 2 years in hospital should be weighed
at least weekly. Recommendations for the routine
measurement of healthy infants where there are no
concerns about growth are given in Table 1.2 [3]. If
there are concerns about weight gain that is too
slow or too rapid, measurement of weight should
be carried out more frequently.

Height

Height or length measurement requires a stadio-
meter or length-board. Details of suitable equip-
ment, which may be fixed or portable, are available
from the Child Growth Foundation. Measurement
of length using a tape measure is too inaccurate
to be of use for longitudinal monitoring of growth,
although an approximate length may be useful
as a single measure (e.g. for calculating body mass
index). Under the age of about 2 years supine length
is measured; standing height is usually measured

Table 1.2 Recommendations for routine measurements for
healthy infants and children.

Head

Weight Length/Height Circumference

Birth Birth Birth or

2 months 6-8 weeks if neonatal
birthweight<2.5 kg  period 6-8
or if other cause for ~ weeks
concern

3 months

4 months

8 months

Additional weights No other routine No other

at parent’s request, measurement routine

not more frequently  of length/height measurement

than 2 weekly under of head

the age of 6 months, circumference
monthly

6—12 months

12-15 months

School entry School entry

Source: After Health for all Children [3].
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over this age or whenever the child can stand
straight and unsupported. When the method of
measurement changes there is likely to be a dif-
ference in length, and measurements should be
made by both methods on one occasion when
switching from supine length to standing height.
Measurement of length is difficult and requires
careful positioning of the infant, ensuring that the
back, legs and head are straight, the heels are
against the footboard, the shoulders are touching
the baseboard and the crown of the head is touch-
ing the headboard. Two people are required to
measure length — one to hold the child in position
and one to record the measurement. Positioning of
the child is also important when measuring stand-
ing height and care should be taken to ensure that
the back and legs are straight, the heels, buttocks,
shoulder blades and back of head are touching the
measurement board and that the child is looking
straight ahead.

Sick infants should be measured every month
and older children whenever they attend a clinic.
Healthy infants have a length measurement at birth
(although this is notoriously inaccurate) and no
further height checks are recommended until the
pre-school check [3]. Whenever there are concerns
about growth or weight gain a height measurement
should be made more often, although there is little
point in measuring height more frequently than
every 3 months.

Body mass index

A body mass index (BMI) measurement can be cal-
culated from the weight and height measurements:
BMI = weight (kg)/height (m)* This provides an
indication of fatness or thinness. In adults, body fat-
ness is largely unrelated to age and high BMI meas-
urements are related to health risks. In children, the
amount and distribution of body fat is depend-
ent on age, and does not appear to be related to
health. At the extremes of centiles, BMI does not
differentiate well between heaviness resulting from
lean tissue (e.g. high muscle mass) and weight
resulting from excess fat deposition, and further
interpretation is necessary.

Proxy measurements for length/height

In some cases it is difficult to obtain length or height
measurements (e.g. in very sick or preterm infants
and in older children with scoliosis). A number of

proxy measurements can be used which are useful
to monitor whether longitudinal growth is pro-
gressing in an individual, but there are no recog-
nised centile charts as yet and indices such as BMI
cannot be calculated. In adults, arm span is approx-
imately equivalent to height, but body proportions
depend upon age and this measurement is not gen-
erally useful. Measurements of lower leg length or
knee-heel length have been used and are a useful
proxy for growth. For infants and small children, a
kneemometer has been developed which displays
knee-heel length digitally [4]. For older children
knee-heel length is measured with the child in a
supine position (if possible) with the knee bent at
a 90° angle using a caliper with a blade at either
end. One blade is fitted under the heel of the foot
and the other onto the knee, immediately behind
the patella, using the outside surface of the leg.
Total leg length is rarely measured outside special-
ist growth clinics and is calculated as the difference
between measured sitting height and standing
height. A number of other measures have been
used in children with cerebral palsy as a proxy for
height, but numbers are too small for reference
standards to be established [5]. Formulas for calcu-
lating height from proxy measurements are further
discussed in Chapter 29.

Supplementary measurements

The measurement of weight and length or height
forms the basis of anthropometric assessment.
However, these measurements on their own do not
indicate whether weight increments are due to lean
and fat tissue, or whether weight gained is merely
fat. Supplementary measurements that can be used
include mid upper arm circumference (MUAC).
This is a useful measurement in children under the
age of 5 years, as MUAC increases fairly rapidly up
until this age. Age related standards exist for chil-
dren over the age of 1 year [6]. Increases in MUAC
are more likely to comprise muscle and less likely
to be affected by oedema than body weight. In order
to fully differentiate between lean and fat, measure-
ment of triceps skinfold thickness (TSF or SFT) is
necessary. This can be an unpleasant procedure for
young children, who are afraid of the skinfold
caliper and may not remain still for long enough for
accurate measurements to be taken. The equipment
and technique are identical to those used in adults
and the measurement is subject to the same observer



Nutritional Assessment, Dietary Requirements, Feed Supplementation 7

Table 1.3 Arm fat and arm muscle area.

o [MAC — (T x TSF)|?
Arm muscle area (mm?)= ——— = =
4xTm

2
Arm fat area (mm?) = TSF ><2MAC _ X (ISF)

MAC = mid arm circumference in mm?
TSF =triceps skinfold thickness in mm

Worked example for a boy aged 6 years:
MAC =180 mm (50th centile* for age)
TSF=16 mm (95th centile* for age)

Arm muscle area= 1340 mm? (<5th centile* for age)

Arm fat area= 1238 mm? (90-95th centile* for age)
Although all measurements are within the normal range for
age, this boy is severely depleted in muscle and may be
depleted in all lean tissue

* Reference standards taken from Gibson [6].

error. Skinfold thickness is not used as a routine
anthropometric measure but provides valuable data
in research studies. Reference data for children over
the age of 1 year are available [6] and the World
Health Organization (WHO) will publish reference
norms for children aged 1-5 in the near future. Arm
muscle and arm fat area can be calculated and com-
pared to reference data [6]. A calculation of arm fat
and muscle area is shown in Table 1.3.

Measurement of the waist circumference can
help distinguish between a high weight for age that
is caused by high body lean tissue or high body fat.
In general, children with a high weight for height
or high BMI who have a high muscle bulk (usually
resulting from sports training) will have a low
waist circumference centile, while overweight and
obese children will have a high waist centile. The
waist : hip ratio in children has not proved to be a
useful predictor of obesity in pre-pubertal children
[7], and reference data do not exist at present for
European children.

Growth charts

Measurements should be regularly plotted on the
relevant centile chart using a dot rather than a cross
or a circle. All children in the UK are issued with a
growth centile chart as part of the personal child
health record that is held by parents and completed
by health care professionals whenever the child is
weighed or measured. UK centile charts are avail-

able for weight, length /height, head circumference
and BMI and the standard ones in use are based
on the UK 1990 data [8]. These data were based on
a cohort of infants who were largely formula fed
during the first 6 months of life. The growth of
breast fed infants differs from that of artificially fed
infants, and breast fed infants tend to be longer and
leaner at age 3 months [9]. Centile charts for fully
breast fed infants are available from the Child
Growth Foundation, and can be used for both breast
and formula fed infants; however, they are based
on a very small cohort of 120 infants who had solids
introduced at a mean age of 15 weeks and only 40%
were still receiving breast milk at 1 year of age. The
WHO has produced growth charts based on a sam-
ple size of 8440 children for longitudinal and cross-
sectional study from ethnically diverse populations
across the globe [10]. These children were raised in
optimal conditions including exclusive or predom-
inant breast feeding for at least 4 months, introduc-
tion of complementary foods by 6 months of age
and continued partial breast feeding to at least 12
months of age. These charts may be more suitable
than the standard UK 1990 charts for infants and
children who are recent immigrants to the UK.

Age related centile charts for BMI have been
developed [11] and indicate how heavy the child
is relevant to their height and age. Waist circumfer-
ence centile charts are also available for British
children over the age of 3 years [12]. Some med-
ical conditions have a significant effect on growth,
and where sufficient data exist, for instance in
Down’s syndrome, Turner’s syndrome and sickle
cell disease, separate growth charts have been
developed for these conditions [13], and are
available from the Child Growth Foundation.

Evaluation of anthropometric measurements

There are a number of problems associated with
accurate plotting on charts that can lead to inaccu-
racies in monitoring. Charts may give time incre-
ments in months or may require the decimal age to
be calculated using the decimal age calendar on the
centile charts, and it is important to check which
type of chart is being used. In a clinic or a centre
where a number of people are involved in plotting
measurements, agreement should be reached over
whether values that fall between centiles should
be rounded up or rounded down. Variations in
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procedures can result in relatively large errors,
particularly in infants, and deviations from centiles
can be missed. When assessing height it is import-
ant to take parental height into consideration, and
the genetic height potential for the child can be
approximately estimated using the mid-parental
height +7 cm for boys, and the mid-parental height
-7 cm for girls. This calculation is not appropriate if
either parent is not of normal stature. The UK 1990
growth charts give example calculations for adult
height potential. (For definitions of obesity and fail-
ure to thrive see Chapters 29 and 31.)

It is difficult to assess progress or decide upon
targets where a measurement falls outside the
centile lines: either <0.4th centile or >99.6th centile.
Amended weight charts showing up to +5 stand-
ard deviations for monitoring children with slow
weight gain are available [14]; details from the
Child Growth Foundation. ‘Thrive lines’ have also
been developed to aid interpretation of infants with
either slow or rapid weight gain. The 5% thrive
lines define the slowest rate of normal weight
velocity in healthy infants. If an infant is growing at
a rate parallel to or slower than a 5% thrive line,
weight gain is abnormally slow. The 95% thrive
lines define the most rapid rate of normal weight
gain in healthy infants and weight gain that paral-
lels or is faster than the 95% thrive line is abnorm-
ally rapid [14]. Thrive lines are in the form of an
acetate sheet which overlays either the standard A4
weight centile charts or charts in the personal child
health record. Acetates are available from the Child
Growth Foundation.

There are a number of methods of overcoming
problems in plotting onto charts, which involve
converting the weight and height into a finite pro-
portion of a reference or standard measurement.
Calculation of the standard deviation score (SDS)
or z score for length/height, weight and BMI gives
anumerical score indicating how far away from the
50th centile for age the child’s measurements falls.
A child on the 0.4th centile will have a SDS of -2.65
SD. A child on the 99.6th centile will have a SDS of
+2.65 SD, while a measurement that falls exactly on
the 50th centile will have a z score of 0. Because of
the distribution of the data, calculation of z scores
by hand is extremely laborious. A computer soft-
ware program is available from the Child Growth
Foundation that will calculate z scores from height,
weight and age data. The z score is also used when

Table 1.4 Height for age, height age and weight for height.

Worked example — six-year-old girl with cerebral palsy
referred with severe feeding problems

Visit 1 Decimal age =6.2 years
Height=93 cm (<0.4th centile)
Weight =10 kg (<0.4th centile)

50th centile for height for a girl aged
6.2 years=117 cm

Height for age = % =79.5% height for age

Height age is the age at which 93 ¢cm (measured
height) falls on 50th centile = 2.7 years
50th centile for weight for 2.7 years =14 kg

Weight for height = 1—2 =71% weight for height
Visit 2 (after intervention) Decimal age = 6.8 years
Height=95.5 cm (<0.4th centile)
Weight=12 kg (<0.4th centile)
50th centile for height for age 3.1 years=121 cm

Height for age = 9157'15: 79% height for age

Height age = 3.1 years
50th centile for weight for age 3.1 years =14.5 kg

Weight for height = % —82.7% weight for height

Conclusions: the child has shown catch-up weight gain —
weight for height has increased from 71% to 83%. She has
continued to grow in height, but has not had any catch-up —
her height continues to be about 79% of that expected for her
chronological age

comparing groups of children of different genders
or ages, when a comparison of the measurements
themselves would not be useful.

The calculation of height for age, height age and
weight for height are useful when assessing nutri-
tional status initially or when monitoring progress
in children who are short for their chronological
age. Table 1.4 shows examples of calculations for
these measurements. Calculation of height age is
necessary when determining nutrient requirements
for children who are much smaller (or larger) than
their chronological age (see p. 12).

A number of methods of classification of malnutri-
tion have been used in developing countries. The
Waterlow classification [15] may be of use when
assessing children in the UK with severe failure to
thrive. An adaptation of the classification is shown
in Table 1.5. The WHO defines malnutrition as
moderate if the weight for age z score is less than
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Table 1.5 Classification of malnutrition.

Table 1.6  Physical signs of nutritional problems.

Chronic malnutrition
(stunting + wasting)

Acute malnutrition
(wasting)

Weight for height

80-90% standard — grade 1
70-80% standard — grade 2
<70% standard — grade 3

Height for age

90-95% standard — grade 1
85-90% standard — grade 2
<80% standard — grade 3

Source: After Waterlow [15].

—0.2 and severe if the weight for age z score is less
than-0.3 [16].

Clinical assessment

Clinical assessment of the child involves a medical
history and a physical examination. The medical
history will identify medical, social or environmen-
tal factors that may be risk factors for the develop-
ment of nutritional problems. Such factors include
parental knowledge and money available for food
purchase, underlying disease, changes in weight,
food allergies and medications. Clinical signs of
poor nutrition, revealed in the physical examina-
tion, only appear at a late stage in the development
of a deficiency disease and absence of clinical signs
should not be taken as indicating that a deficiency
is not present. Typical physical signs associated
with poor nutrition that have been described in
children in western countries are summarised in
Table 1.6. Physical signs represent very general
changes and may not be caused by nutrient defici-
encies alone. Other indications such as poor weight
gain and/or low dietary intake are needed in order
to reinforce suspicions, and a blood test should be
carried out to confirm the diagnosis.

Food and nutrient intake, anthropometric meas-
urements and clinical examination and history
form the basis of routine nutritional assessment.
None of these are diagnostic tests and can only pred-
ict which nutrients may be deficient and which
children need further investigation. If a nutrient
deficiency (or excess) is suspected as a result of the
first line assessment tools, then confirmation using
other objective measures should be sought.

Biochemistry and haematology

Methods of confirming suspicion of a nutritional

Assessment Clinical sign Possible nutrient(s)
Hair Thin, sparse Protein and energy,
Colour change zinc, copper
— ‘flag sign’
Easily plucked
Skin Dry, flaky Essential fatty acids
B vitamins
Rough, ‘sandpaper’ Vitamin A
texture
Petechiae, bruising Vitamin C
Eyes Pale conjunctiva Iron
Xerosis Vitamin A
Keratomalacia
Lips Angular stomatitis B vitamins
Cheilosis
Tongue Colour changes B vitamins
Teeth Mottling of enamel Fluorosis
(excess fluoride)
Gums Spongy, bleed easily ~ Vitamin C
Face Thyroid enlargement  lodine
Nails Spoon shape, Iron, zinc, copper
koilonychia
Subcutaneous  Oedema Protein, sodium
tissue Over-hydration
Depleted Energy
subcutaneous fat
Muscles Wasting Protein,
energy, zinc
Bones Craniotabes Vitamin D
Parietal and frontal
bossing
Epiphyseal

enlargement
Beading of ribs

problem include analysis of levels of nutrients or
nutrient-dependent metabolites in body fluids or
tissues, or measuring functional impairment of a
nutrient-dependent metabolic process.

The most commonly used tissue for investiga-
tion is the blood. Whole blood, plasma, serum
or blood cells can be used, depending on the test.
Tests may be static (e.g. levels of zinc in plasma)
or may be functional (e.g. the measurement of
the activity of glutathione peroxidase, a selenium-
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dependent enzyme, as a measure of selenium
status). Although an objective measurement is
obtained from a blood test, there are a number of
factors that can affect the validity of such biochem-
ical or haematological investigations. Age specific
normal ranges need to be established for the indi-
vidual centre unless the laboratory participates in a
regional or national quality control scheme. Recent
food intake and time of sampling can affect levels
and it may be necessary to take a fasting blood sam-
ple for some nutrients. Physiological processes
such as infection, disease or drugs may alter normal
levels. Contamination from exogenous materials
such as equipment or endogenous sources such as
sweat or interstitial fluid is important for nutrients
such as trace elements, and care must be taken to
choose the correct sampling procedure. A fuller
review of the subject is given by Clayton & Round
[17]. A summary of some biochemical and haemat-
ological measurements is given in Table 1.7.

Urine is often used for adult investigations, but
many tests require the collection of a 24-hour urine
sample and this is difficult in babies and children.
The usefulness of a single urine sample for nutri-
tional tests is limited and needs to be compared with
a standard metabolite, usually creatinine. However,
creatinine excretion itself is age dependent and this
needs to be taken into consideration. Hair and nails
have been used to assess trace element and heavy
metal status in populations, but a number of envir-
onmental and physiological factors affect levels
and these tissues are not routinely used in the UK.
Tissues that store certain nutrients, such as the liver
and bone, would be useful materials to investigate,
but sampling is too invasive for routine clinical use.

Other tests

A number of other tests that are indicative of nutri-
tional status may provide useful information but
are not available routinely. Measurement of body
composition using isotope dilution or imaging
techniques is particularly useful for the clinical
dietitian as most methods of assessment do not
indicate whether growth consists of normal ratios
of fat and protein or whether excess amounts of
adipose tissues are being accumulated. Body com-
position measurements are described by Ruxton
et al. [18]. The use of bioimpedance (BIA) in assess-
ing body composition in adults has increased since

the development of relatively inexpensive and user
friendly equipment (‘Body Fat Analysers’). How-
ever, this method assumes a constant state of
hydration, which has shown not to be true for obese
individuals. In addition the method has not been
validated for use in children and young people
under the age of 18 years [19].

Tests that are not routinely carried out but that
may be useful research tools are summarised in
Table 1.8.

Expected growth in childhood

The 50th centile birthweight for infants in the UK is
3.5 kg. There is some weight loss during the first
5-7 days of life while feeding on full volumes
of milk is established; birthweight is normally
regained by the 10th to 14th day. Thereafter, aver-
age weight gain is as follows:

200 g per week for the first 3 months

150 g per week for the second 3 months
100 g per week for the third 3 months
50-75 g per week for the fourth 3 months

Increase in length during the first year of life: 25 cm.

During the second year, the toddler following
the 50th centile for growth velocity gains approx-
imately 2.5kg in weight and a further 12 cm in
length. Average growth continues at a rate of
approximately 2 kg per year and 10 cm per year,
steadily declining to 6 cm per year until the growth
spurt at puberty.

Dietary Reference Values

The 1991 Department of Health Report on Dietary
Reference Values [20] provides information and
figures for requirements for a comprehensive range
of nutrients and energy. The requirements are
termed dietary reference values (DRV) and are for
normal, healthy populations of infants fed artificial
formulas and for older infants, children and adults
consuming food. DRVs are not set for breast fed
babies as it is considered that human milk provides
the necessary amounts of nutrients. In some cases,
the DRVs for infants aged up to 3 months who are
formula fed are in excess of those that would be
expected to derive from breast milk; this is because
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Normal values in

Nutrient Test children Comments
Biochemical tests
Protein Total plasma protein 55-80 g/L Low levels reflect long term not acute depletion
Albumin 30-45 g/L
Caeruloplasmin 0.18-0.46 g/L Low levels indicate acute protein depletion,
Retinol binding protein 2.6-7.6 g/L but are acute phase proteins which increase
during infection
Thiamin Erythrocyte transketolase ~ 1-1.15 High activity coefficient (>1.15) indicates
thiamin activity coefficient deficiency
Vitamin B, Plasma B, value 263-1336 pmol/L Low levels indicate deficiency
Riboflavin Erythrocyte glutathione 1.0-1.3 High activity coefficient (>1.3) indicates
reductase activity deficiency
coefficient
Vitamin C Plasma ascorbate level 8.8-124 pmol/L Low levels indicate deficiency
Vitamin A Plasma retinol level 0.54-1.56 umol/L Low level indicates deficiency
Vitamin D Plasma 25-hydroxy 30-110 nmol/L Low level indicates deficiency
cholecalciferol level
Vitamin E Plasma tocopherol level o tocopherol Low levels indicate deficiency
10.9-28.1 pmol/L
Copper Plasma level 70-140 pmol/L Low levels indicate deficiency
Selenium Plasma level 0.76-1.07 pmol/L Low levels indicate deficiency
Glutathione peroxidase >1.77 pmol/L Low levels indicate deficiency
activity
Zinc Plasma level 10-18 pmol/L Low levels indicate deficiency
Haematology tests
Folic acid Plasma folate 7-48 nmol/L Low levels indicate deficiency
Red cell folate 429-1749 nmol/L Low levels indicate deficiency
Haemoglobin Whole blood 104-140 g/L Levels <110 g/L indicate iron deficiency
Red cell distribution ~ Whole blood <16% High values indicate iron deficiency
width
Mean corpuscular Whole blood 70-86 fL Small volume (microcytosis) indicates iron
volume deficiency
Large volume (macrocytosis) indicates folate or
B, , deficiency
Mean cell Whole blood 22.7-29.6 pg Low values indicate iron deficiency
haemoglobin
Percentage Whole blood <2.5% High values (>2.5%) indicate iron deficiency
hypochromic cells
Zinc protoporphyrin  Red cell 32-102 pmol/mol haem High levels indicate iron deficiency
Ferritin Plasma level 5-70 ug/L Low levels indicate depletion of iron stores

Ferritin is an acute phase protein and
increases during infection
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Table 1.8 Other tests.

Measurement Method

Total body potassium using 4°K

Total body water using water labelled
with stable isotopes (*H,0, H,'%0O,
2H218O)

Ultrasound

Bioelectrical impedance
Computerised tomography

Dual X-ray absorptiometry

Body composition

Functional tests Muscle strength using dynamometer
to assess protein energy malnutrition
Taste acuity to assess zinc status

Dark adaptation test to assess vitamin
A adequacy

These tests require the co-operation of
the subject and none have been

used extensively in children

Leucocyte function, delayed
cutaneous hypersensitivity reaction
These tests are affected by infection
and are age dependent

There is no reference data for children
and immunological tests are not
normally used as a measure of
nutritional status in paediatrics

Immunological tests

of the different bioavailability of some nutrients
from breast and artificial formulas.

It is important to remember that these are re-
commendations for groups, not for individuals;
however, they can be used as a basis for estimating
suitable intakes for the individual, using the
Reference Nutrient Intake (RNI). This level of
intake should satisfy the requirements of 97.5% of
healthy individuals in a population group. A sum-
mary of these DRVs for energy, protein, sodium,
potassium, vitamin C, calcium and iron is given
in Table 1.9. The DRVs for other nutrients may
be found in the full report. The WHO has recently
published new recommendations for energy intakes
that are lower than those formerly used [21]. A
number of other bodies, including the European
Union, have also published estimated require-
ments which include children, and these have
been summarised [22].

When estimating requirements for the individual
sick child it is important to calculate energy and
nutrient intakes based on actual body weight, and

not expected body weight. The latter will lead to
a proposed intake that is inappropriately high for
the child who has an abnormally low body weight.
In some instances it may be more appropriate to
consider the child’s height age rather than chrono-
logical age when comparing intakes with the DRVs
as this is a more realistic measure of the child’s
body size and hence nutrient requirement. An
estimation of requirements for sick children is
given in Table 1.10.

Fluid requirements in the newborn

Breast feeding is the most appropriate method of
feeding the normal infant and may be suitable for
sick infants with a variety of clinical conditions.
Demand breast feeding will automatically ensure
that the healthy infant gets the right volume of
milk and hence nutrients. If the infant is too ill or
too immature to suckle (the suck-swallow-breathe
sequence that allows the newborn infant to feed
orally is usually well developed by 35-37 weeks’
gestation), the mother may express her breast milk;
expressed breast milk (EBM) may be modified
to suit the sick infant’s requirements. If EBM is
unavailable or inappropriate to feed in certain
circumstances, infant formula milks must be used
(Table 1.11). After the age of 6 months, a follow-on
milk may be used (Table 1.12). These milks are
higher in protein, iron and some other minerals
and vitamins than formulas designed to be given
from birth and may be useful for infants with a
poor intake of solids or who are fluid restricted.
Organic infant formulas and follow-on milks are
also available.

Low birthweight and preterm infants

Chapter 6 gives a full account of the special require-
ments of these babies.

Infants over 2.5 kg birthweight

Fluid offered per 24 hours: 150-200 mL/kg. On the
tirst day, if bottle fed, approximately one-seventh
of the total volume should be offered, divided into
eight feeds and fed every 2-3 hours. The volume
offered should be gradually increased over the
following days to give full requirements by the
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Table 1.10 General guide to oral requirements in sick children.

Infants 0—1 year
(based on actual weight, not expected weight)

Children

Energy High: 130-150 kcals/kg/day (545-630 kj/kg/day) High: 120% EAR for age
Very high: 150-220 kcals/kg/day (630-920 kj/kg/day) Very high: 150% EAR for age

Protein High: 3—4.5 g/kg/day High: 2 g/kg/day, actual body weight
Very high: 6 g/kg/day 0—6 months, increasing to It should be recognised that children may easily
maximum of 10 g/kg/day up to 1 year eat more than this

Sodium High: 3.0 mmol/kg/day For severely underweight children, initially
Very high: 4.5 mmol/kg/day an energy and protein intake based on weight,
A concentration >7.7 mmol Na/100 mL of infant formula not age, is used
will have an emetic effect

Potassium High: 3.0 mmol/kg/day
Very high: 4.5 mmol/kg/day

Table 1.11 Infant milk formulas. Table 1.12  Follow-on milks suitable from 6 months.

Whey based Casein based Manufacturer Manufacturer

Aptamil First* Aptamil Extra* Milupa Ltd Farley’s Follow-on Milk HJ Heinz Co Ltd

Cow & Gate Cow & Gate Plus** Cow & Gate Forward Milupa Ltd

Premium* Nutricia Ltd Progress SMA Nutrition

Farley’s First Milk  Farley’s Second Milk  HJ Heinz Co Ltd Step-up, Next Steps* Cow & Gate Nutricia Ltd

SMA Gold SMA White SMA Nutrition

All formulas contain nucleotides and beta-carotene.
* Contains prebiotics.
* Does not contain long chain polyunsaturated fatty acids.

seventh day of life, or sooner if the infant is feeding
well. Breast fed infants will regulate their own
intake of milk. Bottle fed babies should also ideally
be fed on demand.

Fluid requirements in the first few weeks

The normal infant will tolerate 4-hourly feeds, six
times daily once a body weight of more than 3.5 kg
is reached. By the age of 3-6 weeks (body weight
approximately 4 kg), the infant may sleep longer
through the night and drop a feed. A fluid intake
of 150 mL/kg should be maintained to provide
adequate fluids, energy and nutrients. Infants
should not normally be given more than 1200 mL of
feed per 24 hours as this may induce vomiting and,
in the long term, will lead to an inappropriately
high energy intake. Sick infants may need smaller,
more frequent feeds than the normal baby and,

* From 9 months.

according to the clinical condition, may have
increased or decreased fluid requirements. Breast
fed infants will continue to regulate their own
intake of milk and feeding pattern.

Fluid requirements in older infants and children

Once solids are introduced around 6 months of
age (p. 525) the infant’s appetite for milk will
lessen. For the older infant aged 7-12 months fluid
requirements decrease to 120 mL/kg, assuming
that some water is also obtained from solids. At
1 year, the child’s thirst will largely determine how
much fluid is taken.

Very few authorities publish fluid requirements
for healthy populations. European recommenda-
tions for fluid intakes are summarised [22]. Table
1.13 gives recommendations in the USA [23].

If all a child’s nutrition comes from feed and
there is no significant contribution to fluid intake
from foods, then fluid requirements may be estim-
ated using the following guideline:
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Table 1.13 Recommended intakes of water by age group.

Total water intake

per day, including Water obtained

water contained from drinks

in food per day
Infants 0—6 months 700 mL, assumed to

be from human milk
7-12 months 800 mL from milk

and complementary

foods and beverages 600 mL
Children 1-3 years 1300 mL 900 mL

4-8 years 1700 mL 1200 mL

Boys 9-13 years 2400 mL 1800 mL
Girls 9-13 years 2100 mL 1600 mL

Source: Adadpted from USA dietary recommendations [23].

Body weight Estimated fluid requirement

11-20 kg 100 mL/kg for the first 10 kg
+50 mL/kg for the next 10 kg

20 kg and above 100 mL/kg for the first 10 kg

+50 mL/kg for the next 10 kg
+25 mL/kg thereafter

Worked example for a child weighing 22 kg:
100 mL/kg for the first 10 kg =1000 mL
+50 mL/kg for the next 10 kg =500 mL
+25 mL/kg for the final 2 kg =50 mL
Total =1550 mL
=70 mL/kg

It is important to remember that not all of this
fluid needs to be given as feed if nutritional

requirements are met from a smaller volume; the
remaining fluid requirement may simply be given
as water. Estimates of fluid requirements using
this guideline and standard body weights for age
groups are given in Table 1.9.

Supplementing feeds for infants with faltering
growth or who are fluid restricted

Supplements may be used to fortify standard infant
formulas and special therapeutic formulas to
achieve the necessary increase in energy and pro-
tein required by some infants. Expressed breast
milk can also be fortified using a standard infant
formula powder in term babies (Table 1.14) or a
breast milk fortifier in preterm infants (see p. 80).
Care needs to be taken not to present an osmotic
load of more than 500 mOsm/kg H,O to the nor-
mal functioning gut, otherwise an osmotic diar-
rhoea will result. If the infant has malabsorption, an
upper limit of 400 mOsm/kg H,O may be neces-
sary. Infants who are fluid restricted will need
to meet their nutritional requirements in a lower
volume of feed than usual and the following feed
manipulations can also be used for these babies.

Concentrating infant formulas

Normally, infant formula powders, whether whey
and casein based formulas or specialised dietetic
products, should be diluted according to the manu-
facturers’ instructions as this provides the correct
balance of energy, protein and nutrients when fed

Table 1.14 Examples of energy and nutrient dense formulas for infants per 100 mL.

Energy

e Protein CHO Fat Na K Osmolality P:E

kcal kJ (g) (8 (8 (mmol) (mmol) (mOsm/kg H,0) ratio
12.7% SMA Gold 67 280 1.5 7.2 3.6 0.7 1.8 294 9.0
15% SMA Gold 79 330 1.8 8.5 4.3 0.8 2.1 347 9.0
EBM + 3% SMA Gold 84 353 1.7 8.9 4.9 0.7 1.8 - 8.1
SMA High Energy 91 382 2.0 9.8 4.9 1.0 2.3 415 8.8
Infatrini 100 420 2.6 10.3 5.4 1.1 2.4 310 10.4
15% C&G Premium + 100 420 1.6 12.0 5.0 0.9 2.1 - 6.4

Maxijul to 12% CHO +
Calogen to 5% fat

P : E, protein:energy; EBM, expressed breast milk.
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at the appropriate volume. However, there are
occasions when, to achieve a feed that is denser in
energy, protein and other nutrients, it is necessary
to concentrate the formula. Most normal baby
milks in the UK are made up at a dilution of
approximately 13%. By making the baby milk up at
a dilution of 15% (15 g powder per 100 mL water),
more nutrition can be given in a given volume
of feed, e.g. energy content may be increased from
67 kcal (280 kJ) per 100 mL to 77 kcal (325 k]) per
100 mL and protein content from 1.5 g per 100 mL
to 1.7 g per 100 mL. Similarly, special therapeutic
feeds that are usually made up at a dilution of, say,
15% may be concentrated to a 17% dilution. This
concentrating of feeds should only be performed as
a therapeutic procedure and is not usual practice.
Table 1.14 shows an example of a 15% feed.

The protein : energy ratio of the feed should ide-
ally be kept within the range 7.5-12% for infants
(i.e. 7.5-12% energy from protein) and 5-15% in
older children. In order for accelerated or ‘catch-up’
growth to occur, it is necessary to provide about 9%
energy from protein [24]. In some clinical situations
it is not possible to preserve this protein : energy
ratio as carbohydrate and fat sources alone may be
added to a feed to control deranged blood biochem-
istry, for example. In these situations it is important
to ensure that the infant is receiving at least the RNI
for protein.

If infants are to be discharged home on a concen-
trated feed the recipe may be translated into scoop
measures for ease of use. This will mean that
more scoops of milk powder will be added to a
given volume of water than recommended by the
manufacturer. As this is contrary to normal practice
the reasons for this deviation should be carefully
explained to the parents and communicated to pri-
mary health care staff.

Nutrient-dense ready-to-feed formulas

There are two nutrient-dense ready-to-feed formu-
las available for hospital use and in the community,
Infatrini and SMA High Energy (Table 1.14).
They are nutritionally complete formulas contain-
ing more energy, protein and nutrients per 100 mL
than standard infant formulas. They are suitable for
use from birth and are designed for infants who
have increased nutritional requirements or who are
fluid restricted. They obviate the need for carers to

make up normal infant formulas at concentrations
other than the usual one scoop of powder to 30 mL
water.

Energy and protein modules

There may be therapeutic circumstances when
energy and/or protein supplements need to be
added to normal infant formulas or special for-
mulas without necessarily the need to increase
the concentration of the base feed. Sometimes a
ready-to-feed formula does not meet the needs of
the individual child. Energy and protein modules
and their use are described.

Carbohydrate

Carbohydrate provides 4 kcal/g (16 kJ/g). It is
preferable to add carbohydrate to a feed in the form
of glucose polymers, rather than using mono- or
disaccharides, because they exert a lesser osmotic
effect on the gut. Hence, a larger amount can be
used per given volume of feed (Table 1.15). Glucose
polymers should be added in 1% increments each
24 hours (i.e. 1 g per 100 mL feed per 24 hours). This
will allow the point at which the infant becomes
intolerant (i.e. has loose stools) to the concentration
of the extra carbohydrate to be identified. Tolerance
depends on the age of the infant and the maturity
and absorptive capacity of the gut. As a guideline,
the following percentage concentrations of carbo-
hydrate (g total carbohydrate per 100 mL feed)
should be tolerated if glucose polymer is used:

e 10-12% carbohydrate concentration in infants
under 6 months (i.e. 7g from formula, 3-5g
added)

e 12-15% ininfants aged 6 months to 1 year

15-20% in toddlers aged 1-2 years

e 20-30% in older children

If glucose or fructose needs to be added to a feed
where there is an intolerance of glucose polymer,
an upper limit of tolerance may be reached at a total
carbohydrate concentration of 7-8% in infants and
young children.

Fat

Fat provides 9 kcal/g (37 kJ/g). Long chain fat
emulsions are favoured over medium chain fat
emulsions because they have a lower osmotic effect
on the gut and provide a source of essential fatty
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Table 1.15 Energy supplements.

Energy*

Na K PO,
Per 100 g Ingredients kcal k) (mmol) (mmol) (mmol)
Glucose polymers
Caloreen (Nestle Clinical) Hydrolysed corn starch 390 1630 <1.8 0.3 -
Super Soluble Maxijul (SHS) Hydrolysed corn starch 380 1615 <0.86 <0.12 <0.16
Polycal (Nutricia Clinical) Hydrolysed corn starch 380 1615 2.2 1.3 2.3-4.2
Polycose (Abbott Laboratories) Hydrolysed corn starch 376 1598 4.8 0.26 0.39
Vitajoule (Vitaflo Ltd) Hydrolysed corn starch 380 1610 <1.9 <0.2 -
Fat emulsions
Calogen (SHS) Canola oil, sunflower oil 450 1850 0.9 0.5
Liquigen (SHS) Coconut oil 450 1850 1.2 -

Combined fat and carbohydrate supplements
Super Soluble Duocal (SHS) Glucose syrup, canola oil,
coconut oil, safflower oil

MCT Duocal (SHS) Cornstarch, coconut oil,

492 2061 <0.9 <0.1

497 2082 <1.3 <0.5

walnut oil, canola oil, palm oil

* As quoted by manufacturers

acids. Medium chain fats are incorporated where
there is malabsorption of long chain fat (Table 1.15).

Fat emulsions should be added to feeds in 1%
increments each 24 hours, so providing an increase
of 0.5 g fat per 100 mL per 24 hours. Infants will tol-
erate a total fat concentration of 5-6% (i.e. 5-6 g fat
per 100 mL feed) if the gut is functioning normally.
Children over 1 year of age will tolerate more fat,
although concentrations above 7% may induce a
feeling of nausea and cause vomiting. Medium
chain fat will not be tolerated at such high con-
centrations, and may be the cause of abdominal
cramps and osmotic diarrhoea if not introduced
slowly to the feed.

There are combined carbohydrate and fat sup-
plements using both long and medium chain fats
(Table 1.15). Again, these must be introduced to
feeds in 1% increments to determine the child’s
tolerance of the product. A schedule for the addi-
tion of energy supplements to infant formulas is
given in Table 1.16.

Protein
Protein may be added to feeds in the form of whole
protein, peptides or amino acids (Table 1.17). Protein

supplementation is rarely required without an

accompanying increase in energy consumption.
Protein supplements are added to feeds to pro-

vide a specific amount of protein per kilogram

Table 1.16  Schedule for the addition of energy supplements
to infant formulas.

Energy
Additional added
CHO/fat per 100 mL
per1l00mL ——mm
Day  Energy source added feed kcal  kJ
1 1% Glucose Polymer 1 g CHO 4 17
2 2% Glucose Polymer 2 g CHO 8 33
3 3% Glucose Polymer 3 g CHO 12 50
4 3% Glucose Polymer 3 gCHO} 17 69
+ 1% Fat Emulsion 0.5 g Fat
5 3% Glucose Polymer 3 gCHO} 21 88
+ 2% Fat Emulsion 1 g Fat
6 4% Glucose Polymer 4 gCHO} 25 105
+ 2% Fat Emulsion 1 g Fat
7 5% Glucose Polymer 5 gCHO} 29 121
+ 2% Fat Emulsion 1 g Fat
8 5% Glucose Po!ymer 5g CHO} 34 140
+ 3% Fat Emulsion 1.5 g Fat
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Table 1.17 Protein supplements.

Energy

Protein CHO Fat Na K
Per 100 g kcal k) (8) (8) (g) (mmol) (mmol)
Vitapro whole protein (Vitaflo Ltd) 360 1506 75 9.0 6.0 <13 18.0
ProMod whole protein (Abbott) 426 1794 76 10.2 9.12 16.5 17.5
Protifar whole protein (Nutricia Clinical) 373 1580 88.5 1.5 1.6 1.3 1.2
Peptide Module 767 peptides from 346 1469 86.4 - - - -
hydrolysed meat and soya (SHS)
Complete Amino Acid Mix Code 124 328 1394 82 - - - -

L-amino acids (SHS)

actual body weight of the child. It is rarely neces-
sary to give intakes of greater than 6 g protein/kg;
if intakes do approach this value, blood urea
levels should be monitored twice weekly to avoid
the danger of uraemia developing. Supplements
should be added in small increments as they
can very quickly and inappropriately increase
the child’s intake of protein. The osmotic effect
of whole protein products will be less than that
of peptides, and peptides less than the effect of
amino acids.

Table 1.18 Vitamin supplements.

Vitamin and mineral requirements

Vitamin and mineral requirements for populations
of normal children are provided by the DRVs and
some are shown in Table 1.9. In disease states,
requirements for certain vitamins and minerals will
be different and are fully described in the dietary
management of each clinical condition. The pre-
scribable vitamin and mineral supplements that are
most often used in paediatric practice are given in
Tables 1.18-1.20.

Healthy Start*

Children’s Vitamin Abidec Dalivit Ketovite
Drops (SSL) (Chefaro) (LPC) (Paines & Byrne)
5 drops for all infants 0.3 mL <1 year 0.6 mL 5 mL liquid®
from 6 months of age’ 0.6 mL >1 year* 3 tablets
Thiamin (B,) (mg) - 0.4 1 3.0
Riboflavin (B,) (mg) - 0.8 0.4 3.0
Pyridoxine (Bg) (mg) - 0.8 0.5 1.0
Nicotinamide (mg) - 5 5 9.9
Pantothenate (mg) - - - 3.5
Ascorbic acid (C) (mg) 20 40 50 50
Alpha-tocopherol (E) (mg) - - - 15.0
Inositol (mg) - - - 150
Biotin (mg) - - - 0.5
Folic acid (mg) - - - 0.8
Acetomenaphthone (K) (mg) - - - 1.5
Vitamin A (ug) 233 400 1500 750
Vitamin D (ug) 7.5 10 10 10
Choline chloride (mg) - - - 150
Cyanocobalamin (B,,) (ug) - - - 12.5

* Values relate to 0.6 mL dose.
* Unless taking >500 mL infant formula or follow-on milk.
* Eligibility under the Healthy Start Scheme, p. 531.
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Table 1.19 Mineral supplements.

Table 1.20 Vitamin and mineral supplements.

1.5 g/kg/day up to full dose of 8 g/day*
Metabolic Mineral Mixture (SHS)

Sodium (mmol) 14
Potassium (mmol) 17
Chloride (mmol) 4
Calcium (mmol) 16

Phosphorus (mmol) 15
Magnesium (mmol) 3.2

Iron (mg) 5
Zinc (mg) 4
lodine trace
Manganese (mg) 0.4
Copper (mg) 1
Molybdenum trace
Cobalt —
Aluminium trace

* Values relate to 8 g dose.

Prescribing products for paediatric use

The majority of specialised formulas, supplements
and special dietary foods can be prescribed for
specific conditions. The Advisory Committee on
Borderline Substances recommends suitable prod-
ucts and defines the conditions for which they can
be used. Prescriptions from the general practitioner
(FP10; GP10 in Scotland) should be marked ‘ACBS’
to indicate that the prescription complies with
recommendations. A list of prescribable items for
paediatric use appears in the BNF (British National
Formulary) for Children under the Borderline Sub-
stances Appendix and is also available on line at
www.bnf.org. Children under the age of 16 years in
the UK are exempt from prescription charges.
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Provision of Nutrition in a

Hospital Setting

Ruth Watling

Introduction

Children in hospital are likely to be particularly
vulnerable and susceptible to the effects of under-
nutrition. There are few current data on actual
incidence of acute and chronic malnutrition but
older studies indicated that this was significant and
possibly more common in children with already
established disease [1-4].

The organised and effective delivery of nutrition
and fluid to children in hospital has two main aims.
First, to ensure that children eat sufficient food to
meet their nutritional requirements and, secondly,
to encourage good healthy eating habits [5]. The
first of these aims cannot be overstated and the
achievement of this aim is the subject of a number
of key UK government resolutions and policies [6—8].

To meet the nutritional needs of the range of hos-
pitalised paediatric patients, a variety of services
are required including;:

Facilitation of breast feeding

Ready-to-feed (RTF) infant milks

Enteral feeds

Provision of parenteral nutrition

Ordinary food including provision for thera-
peutic diets

Provision of nutrition in a hospital setting requires
effort and the close collaboration of nurses, doctors,
dietitians, catering staff, the child or young adult
and their carers.

Infant and enteral feeds
Infant milks

Many hospitalised infants, who are not breast fed,
will simply require an adequate volume of infant
milk. To minimise infection risk and ensure uni-
form composition this is best provided in an RTF
form. The need to recommend the use of RTF milk,
unless clinically contraindicated, has been further
strengthened by concerns regarding the risk of
Enterobacter sakazakii infections [9]. A selection of
whey and casein based milks should be available to
meet the personal preference of the family. If RTF
milks are not available, the guidance for prepara-
tion of adapted or specialised formulas apply.

Adapted infant milks and specialised
formulas

To prepare adapted infant milks (e.g. thickened
or energy supplemented milk, or specialised in-
fant formulas), a designated feed-making area is
required.

Children receiving such feeds are likely to be
those at greatest nutritional risk, therefore feeds
must be made accurately to ensure the prescribed
nutritional content is achieved.

Hygiene standards in feed preparation are
of paramount importance as they are generally
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prepared for infants or for older children who
are immunologically compromised as a result of
illness.

Enteral feeds

The range and presentation of paediatric enteral
feeds continues to expand, increasing the possibil-
ity that feeds in a sterile ready-to-hang presentation
could be available at ward level. In situations
where enteral feeds require adaptation (e.g. energy
supplementation or decanting into enteral feeding
bottles), again, these processes should be carried
out in a designated feed-making area.

Designated feed-making area

In large hospitals preparing in excess of 15-20 feeds
daily, a feed-making unit will be required, norm-
ally consisting of three separate areas for storage,
preparation and cleaning. For units requiring less
than 15 feeds daily, a designated feed-making room
or a specific area of the ward kitchen should be
available.

Any feed-making operation must comply with
the requirements of the Food Safety Act 1990 [10].
The American Dietetic Association has produced
comprehensive guidelines on preparation of for-
mula and these are an essential reference standard
for a safe, effective and efficient designated feed-
making area [11]. The manager of such an opera-
tion has a legal obligation to ensure that it operates
to acceptable standards of hygiene. To establish
and monitor such standards, a hazard analysis and
critical control point (HACCP) system is recom-
mended [12]. Such a system will ensure that all
aspects of feed production are subjected to rigorous
assessment for potential hazards and risks, and that
adequate control points are incorporated into the
process.

Structural design of feed-making areas

A designated feed-making area should be an inde-
pendent unit or room whose access is restricted
to authorised personnel. Designed to prevent the
entrance and harbouring of vermin and pests
and constructed to be easily cleaned, it must be
operated to the highest standards of hygiene.

It is desirable to separate the unit into three main
areas:

e Storage area: situated adjacent to the feed pre-
paration area, where bulk goods are delivered,
unpacked and stored. It should be large enough
to accommodate adequate storage racks which
are constructed and sited to permit segrega-
tion of commodities, stock rotation and effec-
tive cleaning. Items must be stored on racks
or shelves, not directly on the floor. The
temperature should be maintained between
10°C and 15°C and should be monitored daily.
Entry to this area is restricted to unit and
delivery staff.

e Feed preparation area: where very clean con-
ditions prevail and access is strictly limited to
feed preparation staff; entry should be via an
anteroom containing a wash-hand basin and
storage facilities for outer protective clothing.
Bulk storage of items (e.g. large cardboard
cartons) is not recommended. There should be
sufficient space to allow clean equipment and
small quantities of ingredients to be stored,
preferably on wheel-mounted stainless steel
solid shelving, leaving worktops clear. During
the preparation of feeds, all other activities in
the area should cease and the doors should
be closed and secured against all staff who are
not involved in the preparation process. If it
is necessary for staff to leave the preparation
area they must, on re-entry, wash their hands
again, according to the correct handwashing
procedure.

e Utility area for equipment washing and administra-
tive work: a unit reusing feeding bottles will
require a designated space, adjoining the feed
preparation area, with a separate access for the
delivery of dirty bottles. The utility area can also
be used to house computer equipment for feed
labelling. Storage of cleaning materials should
be separated from ingredients and equipment
and requires a designated clean, dry room or
cupboard.

A cloakroom with a separate changing room for
feed unit staff should be conveniently sited but
segregated from the feed-making area. The cloak-
room should have a toilet and wash-hand basin
with foot or elbow operated taps.



Recommendations for construction of special
feeds units are as follows:

Plant

e Walls, floors and ceilings: hardwearing, impervi-
ous, free from cracks and open joints. Smooth
surfaces to permit ease of cleaning and coved
junctions between floors, walls and ceilings
to prevent collection of dust and dirt. Light-
coloured sheen finish to reflect light and
increase illumination.

e Doors in the production area: self-closing with
glass observation panel.

e Windows: sealed to prevent opening.

e Lighting level: to allow staff to work cleanly and
safely without eye strain, and to expose dirt and
dust. Light fixtures flush with wall or ceiling.

e Ventilation in the production area: mechanical
means; air supply filtered with temperature
(and preferably humidity) control to give opti-
mum working environment and control bac-
terial and dust contamination. Steam-producing
equipment such as sterilisers, dishwashers and
pasteurisers should be fitted with a canopy and
exhaust fan system to draw off steam and fumes.

e Wash-hand basins: one hand basin provided in
each utility and preparation area. Hot and
cold water with foot or elbow operated taps.
Adjacent soap dispenser and either single use
disposable towels or a hot air hand dryer.

e Water supply: of potable quality from a rising
main. Softened water supply to equipment is
preferable to prevent calcium deposition, but
water softened by ion exchange should not be
used in feeds because of its increased sodium
content.

The Department of Health has not advised
against the use of tap water in feed preparation,
unlike the USA [11]. Where tap water is used it
should be provided from a fixed device such as a
gas or electric water boiler to dispense water above
80°C. The alternative is to use sterile water and this
decision will require a cost-benefit and risk analy-
sis in conjunction with microbiological advice.

Large equipment

e Large equipment such as shelving, tables and
refrigerators should be castor mounted with
wheel brakes to allow easy access for cleaning.
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Smooth impervious surfaces free from sharp
internal corners, which may act as dirt traps,
which can be easily cleaned and disinfected
(e.g. stainless steel) are recommended.

e One or more refrigerators which operate at a
temperature between 1-4°C are a necessity; the
temperature should be monitored and recorded
twice daily.

e Ablast chiller to allow rapid cooling of all feeds
to 4°C within 1 hour of preparation [11].

e A deep freeze which operates at ~18°C will be
necessary if expressed breast milk is to be stored
for more than a few hours. Both the refrigerator
and freezer should be self-defrosting and have
shelves that are easy to clean. An alarm which is
activated if the door is left open accidentally or
the internal temperature rises is also useful.

e Pasteurisation equipment that is suitable for
the range of procedures carried out (see p. 24)
and that includes a method of monitoring and
recording pasteurisation cycles is desirable.

e Thermal sterilisation or disinfection equipment
is desirable in a small unit and essential in a
large centralised unit. This can be a dishwasher
adapted for bottle and equipment washing,
with a rinse cycle that holds a temperature of
85°C for 2 minutes. This ensures a surface tem-
perature of 80°C for 1 minute, which is an effec-
tive disinfectant. A drying cycle is useful [13].

e A feeddelivery trolley.

Small equipment

e Mixing and measuring equipment including
jugs, measures, cutlery and whisks should be
made from plastic or stainless steel. They must
be easily washed and cleaned.

e Weighing equipment should be easy to clean,
easy to use and of the appropriate accuracy
for the task. It may be battery or electrically
operated.

e Feed bottles are available in glass, polycar-
bonate or plastic polythene in 50-240 mL sizes.
Glass is a hazardous material prone to cracking
and chipping; polycarbonate shrinks if auto-
claved at temperatures greater than 119°C and
bottles become scratched or crazed after some
time in use. Reusable bottles require washing,
sanitising by heat or chemical means; sealing
discs or caps need to undergo a similar treat-
ment and are likely to become lost or misshapen
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with continuous use. Disposable sterile poly-
thene bottles reduce the workload in the unit.
The decision to use disposable or reusable bot-
tles is a matter for each individual unit based on
cost—benefit analysis and risk analysis of pos-
sible contamination from inadequately cleaned
bottles. Single-use enteral feeding containers
will also be required for larger prepared vol-
umes or for decanted sterile RTF formulas. The
use of tamper-proof seals on all bottles pro-
duced in a special feeds unit is recommended.

Staffing

Feed provision is usually required 365 days a year
and staffing levels should take this fact and the
workload into consideration. Part-time employ-
ment of some staff may be particularly appropriate.
In large units, the dietitian may be managerially
responsible for staff and feed preparation. In small
areas attached to a ward, the supervision and man-
agement may be the responsibility of the nursing
staff with the dietitian acting in an advisory capa-
city. As identified in the Food Safety Act [10], all
food handlers should hold a Basic Food Hygiene
Certificate. No other specific qualifications are
required for feed preparation staff, provided that
adequate instruction and supervision are provided,
although given the nature of the work they must
have good literacy and numeracy skills.

Training should cover personal hygiene, preven-
tion of bacterial and foreign matter contamination,
preparation procedures, and basic knowledge of
the feed composition and clinical indication.

Suitable protective uniforms and a satisfactory
laundry service are required. A disposable plastic
apron should be worn during feed preparation and
a disposable head covering should completely cover
the hair. Shoes should be flat-heeled and cover
the foot; jewellery (with the exception of a wed-
ding ring and stud type earrings) is not allowed.
Appointment of staff should be subject to a satisfact-
ory medical examination; bacteriological screen-
ing of faecal specimens should take place prior to
appointment, and after a gastrointestinal illness.

Feed preparation

There are three key components of safe feed prepa-
ration: appropriate ingredients, safe and accurate
preparation, and limitation of microbial growth.

All ingredients received into a feed-making
area should be of the required standards and spe-
cification. Goods received should be checked and
stock rotated according to date. Tins and packets
of powdered formula should be dated when
opened and any remaining powder discarded after
a specified time according to local policy. Opened
tins or packets (e.g. from the patient’'s home)
should not be accepted into the feed-making area.
If pasteurised cow’s milk is used (e.g. to reconsti-
tute powdered supplements), it should be stocked
according to its dated shelf-life and if opened
any unused should be discarded at the end of the
working day. Expressed breast milk will require
an agreed procedure for its safe storage and use
[11,14].

Details of each feed to be prepared should be in
a clearly written or printed form including the
patient’s name, date of birth and hospital number,
the weight or volume of each feed ingredient, the
total fluid volume, the number and volume of each
feed required. All ingredients should be weighed
or measured accurately. Prepared feeds should be
decanted into the appropriate number and size of
bottles and each bottle labelled. The label must
include details of the patient’'s name, ward, feed
type, preparation date and preferably advice to
refrigerate and discard after 24 hours.

Finally, limitation of microbial growth is critical
to safe feed provision. The type of feeds prepared
will readily support the growth of harmful
microorganisms, particularly if stored at tempera-
tures above 5°C. Pasteurisation can limit potential
microbiological contamination and will destroy
Staphylococcus aureus, Enterobacter sp. and Salmonella
sp., but may be less effective against all potential
pathogens (e.g. Bacillus sp.) (Anderton A, personal
communication, 1998). There are no regulations
to govern the pasteurisation of infant formula
powders in special feeds units, but culture results
may be referenced to the standard proposed in the
Dairy Products (Hygiene) Regulations [15].

There are two methods of pasteurisation com-
monly used:

1 Holder method for expressed breast milk where
the temperature is raised to 62.5°C for 30 minutes
followed by rapid cooling to less than 10°C.

2 Flash method for prepared feeds where the tem-

perature is raised to 67.5°C for 4 minutes fol-
lowed by rapid cooling to less than 10°C.



Blast chilling is an effective method of achieving
one of the most important steps in limiting micro-
bial growth in prepared feeds (i.e. cooling rapidly
to below 5°C). Both pasteurisers and blast chillers
should be fitted with data loggers to show the tem-
perature and process time. Following preparation,
and/or pasteurisation, blast chilling feeds should
be placed in a holding refrigerator at less that 5°C
until delivery to wards.

Delivery

Feed delivery to wards should be compatible with
food safety requirements of being refrigerated
at less than 5°C without avoidable delay. If the
preparation unit is some distance from wards this
may require a refrigerated trolley. Feeds should be
checked and placed in a designated refrigerator at
ward level; this refrigerator should be reserved for
milk feeds and should not contain items of food.
The temperature of ward refrigerators should be
1-4°C and should be checked twice daily.

Cleaning procedures

Sterilisation (the destruction of all microorganisms
and their spores) is not attainable in a special feeds
unit. Sanitisation or disinfection of small equip-
ment can be achieved by autoclaving, by a dish-
washer or by chemical means.

Autoclaving, although effective, has a number of
disadvantages: equipment first has to be washed,
dried, packed and sealed; this is costly and time
consuming. In addition water condensation forms
and remains in feeding bottles, where it can induce
bacterial activity.

Thermal disinfection in a dishwasher requires
less time and the inclusion of a drying cycle will
ensure that all equipment is dry and ready for stor-
age. To achieve thermal disinfection, the water in
the dishwasher should reach a minimum tempera-
ture of 85°C for 2 minutes.

Chemical disinfection (e.g. hypochlorite) reduces
levels of harmful bacteria to acceptable levels and
is also satisfactory for small (non-metallic) equip-
ment, provided recommendations are followed;
heat sanitisation is the preferred method. Chemical
disinfection will only be effective if:

e The equipment is adequately cleaned; residual
organic matter inactivates the chlorine content
of the disinfectant.
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e The disinfectant is freshly and correctly pre-
pared with all air bubbles removed to ensure
the solution comes into contact with all surfaces
of the equipment.

e The equipment remains in the disinfectant for
the recommended length of time. After disinfec-
tion, the equipment should be rinsed free of
contaminated hypochlorite with clean water.

Regardless of the method used, feed equipment
should be covered with sterile paper and used
within 24 hours of disinfection. Equipment that is
stored for longer than this should be re-disinfected
before use.

Walls of a special feeds unit should be washed
every 6 months, floors cleaned daily and all clean-
ing procedures documented.

Microbiological surveillance

The aim of a designated feed-making area is to
minimise the risk of microbial contamination in
prepared infant formulas, enteral feeds or oral
supplements. Adherence to the principles outlined
here and other published guidelines [11] will sup-
port this aim. To ensure satisfactory standards of
working practice are maintained, a microbiological
surveillance policy can be a useful component of
quality control. The following samples should be
sent for microbiological analysis once each month:
each type of feed; water from boiler, tap and
pasteuriser; a swab from work surfaces, sinks,
shelving, mixing equipment and feeding bottles.
An air sample should be taken if Staphylococcus
aureus is identified.

Procedures and documentation

To comply with legislative requirements, clear
written procedures are required for every aspect
of feed preparation. This includes guidelines for
personal hygiene and prevention of cross-infection,
procedures for ordering supplies, feed preparation,
instructions for pasteurisation and blast chilling,
cleaning and disinfection, procedures for micro-
biological surveillance and accident procedures.
Information about equipment maintenance and
emergency telephone numbers in case of break-
down should also be displayed.

Currently, there are no accepted published stand-
ards for the preparation of enteral feeds for the
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paediatric age range. Operational practices should e
be based on standards identified for food products
[10,12].

Normal diet in a hospital setting

Good practice principles have been published [8]
and in summary are as follow:

e Nutritionally, the focus should be on energy
and menus should meet the Estimated Average
Requirement (EAR) [16] by increasing the
energy density of foods and frequency of meals
and the availability of favourite foods around e
the clock.

e Meet the Reference Nutrient Intake (RNI) [16] o
for protein. This is almost always achieved if
EAR for energy is met.

Table 2.1 Food portion sizes for different age groups.

A wide variety of portion sizes will be required
to meet the requirements of the paediatric pop-
ulation (Table 2.1).

The service should be delivered in a manner
and in an environment that encourages the
child to eat. Crockery and utensils appropriate
to age should be used.

Children in hospital should be provided with
breakfast, two main meals and 2-3 snacks daily
and the following should be available to all: 200
mL fruit juice for vitamin C, 350-500 mL full fat
milk for calcium (semi-skimmed available as
required for children over 2 years), fresh fruit.
Accurate records of a child’s food and drink
intake should be kept.

Choices should be available to vegetarians,
vegans and those whose eating habits are based
on religious and cultural beliefs.

1 year 2-3 years 3-5 years 10 years

Meal pattern 3small mealsand 3 3 meals and 2-3 snacks or 3 meals and 1-2 snacks 3 meals and 1-2 snacks or
snacks plus milk milky drinks or milky drinks milky drinks

Meat, fish, egg /21 tablespoon 11/2 tablespoons 2-3 tablespoons 90-120 g; 34 fish
(15-25 g) minced/ (20-30 g) chopped; 1 fish  (40-80 g); 1-2 fish fingers/sausages; 2 eggs

finely chopped, with  finger; 1 sausage; 1 egg
gravy/sauce; '/2—1

hard cooked egg
Cheese 20 g grated 25-30 g cubed or grated
Potato 1 tablespoon (30 g) 1-2 tablespoons (30—
mashed 60 g); 6 smallish chips
Vegetables 1 tablespoon (30 g) 1-2 tablespoons (30-60 g)
soft or mashed or small chopped salad
Fruit 1/2-1 piece (40-80 g) 1 piece (80-100 g)
Dessert (e.g. 2 tablespoons (60 g)  2-3 tablespoons
custard/yoghurt) (60-80 g)
Bread 1/2-1 slice (20-30 g) 1 large slice (40 g)
Breakfast cereal 1 tablespoon (15 g);  1-1'/2tablespoons
/2 Weetabix (15-20 g); 1 Weetabix
Drinks 3/s teacup (100 mL) 1 teacup (150 mL)
Milk 500 mL whole 350 mL whole or semi-
milk/day skimmed/day

fingers/sausages; 1 egg

30-40g 50-60 g
2-3 tablespoons 4-6 tablespoons (100-180 g);
(60-80 g); 8-10 chips 100-150 g chips

2-3 tablespoons (60-80 g) 3-4 tablespoons (100-120 g)

1 piece (100 g) 1 piece (100 g)

4 tablespoons (120 g); 6 tablespoons (180 g)
1 carton yoghurt (150 g)

1-2 large slices (40-80 g)  2-4 large slices (80-160 g)

2-3 tablespoons 3—4 tablespoons (30-40 g);
(20-30 g); T Weetabix 2 Weetabix

1 teacup (150 mL) 1T mug (200 mL)

350 mL whole or 350 mL whole, semi-

or semi-skimmed/day skimmed or skimmed/day

For children in all age groups: 6-8 drinks per day including milk drinks.



Modified diet in a hospital setting

The major role of the dietitian is to liaise with the
medical and nursing staff and to advise on the
appropriate therapeutic regimen. The advice and
education given to children requiring modified
diets and to their carers is the responsibility of the
dietitian. In addition to this, the dietitian assists in
the provision of modified diets within the hospital.
Usually, this is in an advisory capacity to diet cooks
employed by the caterer, but rarely dietitians may
also be managerially responsible for the diet kit-
chen. In the majority of cases, design and mainten-
ance of the diet preparation area, staff manage-
ment, supply of provisions and responsibility for
hygiene will rest with the catering manager. If these
are the responsibility of the dietitian, the same
principles apply as previously described for feed-
making areas [10].

Staff involved in the preparation of modified
diets must be aware of the need for accuracy,
appropriate portion size for age, consistency of
nutrient content and variety. For those on a modi-
fied diet, the food provided in hospital is taken as
an example and must therefore be correct. It is
advisable that staff employed to prepare modified
diets should have as a minimum qualification City
and Guilds 706/2 and have attended a diet cookery
course. In-service training of diet cooks should be
undertaken by the dietitian particularly to ensure
that staff are kept up-to-date with changes to
dietary treatment.

The dietitian should specify to the caterer stand-
ards of quality and suitability of provisions for
use in the diet preparation area. Stocks of specific
dietary products such as gluten-free and low-
protein products should be available and those
working in the area should be familiar with the
use of these products.

Appropriate equipment for preparation of small
quantities of food must be available for the diet
cooks. Specifically, a sturdy industrial liquidiser,
small pots and pans and accurate scales are all
essential items. Freezer space is also required, as
it is useful to keep frozen portions of special items
(e.g. vegetable casserole for low-protein diets;
low-protein bread; milk, egg, wheat and soya-free
baked goods).

The dietitian should always provide the diet
cooks with clear written and verbal instructions for
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each individual diet being prepared. The written
information should include the patient’s name, age
and ward, the diet required and specific instruc-
tions regarding the composition of the diet and the
portion size required.

A suitable plating system for diets must be used.
The diet meals should be clearly labelled with the
patient’s name, ward and type of diet. Where a bulk
catering system is operated food may be delivered
to the ward in individual foil containers which
must be clearly labelled with the type of diet the
food item is suitable for.

Within the diet preparation area there should be
a diet manual. This should include instructions
regarding commonly requested modified diets
and appropriate recipes. It is also useful to include
details of any patients on particularly unusual diets
if they are likely to be admitted. This manual
should be regularly updated.

To ensure consistency and accuracy, the pro-
vision of modified diets should be monitored
regularly. The following should all be considered:
the quality, freshness and suitability of the provi-
sions; the storage methods; the preparation of raw
ingredients; and the presentation to the patient.
Regular monitoring should ensure a high-quality
product.

Immunosuppression and ‘clean’
meal provision

Children with a number of conditions (including
acute megaloblastic leukaemia, stage IV neuro-
blastoma, relapsed acute lymphoblastic leukaemia
and immunodeficiency syndromes) requiring a
bone marrow transplant or autograft, receive drug
therapy that causes severe immunosuppression and
neutropenia. They require protective isolation in
the immediate post-transplant period. Food is a
potential source of infection and generally proce-
dures will be in place to limit the potential of food-
borne infection [17]. In immunosuppressed patients
even normally non-pathogenic organisms may
cause problems. Particular attention should be paid
to personal hygiene in the food handler, and to food
purchase, storage and preparation.

There is limited evidence on the use and effec-
tiveness of ‘clean’ diets. Practice is variable and in
general there has been a move away from stringent
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sterile diets [18]. Three levels of ‘clean’ diet are gen-
erally recognised: sterile diet, clean diet and com-
mon sense food hygiene guidelines.

Sterile meals

In some units, food production may be a sterile
or near-sterile method incorporating the use of
gamma-irradiated and canned foods prepared in
a filtered laminar airflow system. Such a system
requires specialised facilities and equipment and is
labour-intensive and costly. Irradiation adversely
affects food flavour and texture and consequently
patient acceptability of food [19].

‘Clean’ diet

A practical and acceptable alternative to sterile
meals is the use of a reduced bacterial diet or
‘very clean food regimen’. Such regimens avoid
the use of raw foods, reheated dishes and foods
known to contain high levels of pathogenic and
non-pathogenic bacteria, such as soft cheese, chicken
and paté. Details of foods allowed and forbidden
are given in Table 2.2. Practice between centres
can vary; for example, some allow all meat and
poultry providing it is well cooked and served
immediately.

Other centres follow common sense food
hygiene guidelines and avoid high risk foods
only (Table 2.3).

Purchasing

1 Many chilled and frozen foods contain unac-
ceptably high levels of microorganisms for the
immunosuppressed patient. Before allowing
them to be included, a sample of the product
should be tested. Canned and sterilised prod-
ucts are generally suitable.

2 The ‘Best Before’ date should be checked on
manufactured foods.

3 Individual portions of foods (e.g. jams, but-
ter/margarine, breakfast cereals, juices, sugar)
should be purchased where these are available.

4 Foods should be purchased as fresh as possible
and cooked shortly after purchase.

Storage

1 Temperatures of refrigerators and freezers must
be checked regularly.

2 Food for ‘clean’ meals should be stored in a sep-
arate refrigerator; where this is not practical the
top shelf should be used.

3 Food that is to be eaten cold must be transferred
to the refrigerator as quickly as possible; all
foods stored in the refrigerator should be
covered or wrapped. Leftover food should be
disposed of quickly; leftovers and reheated
foods should not be used.

Preparation

1 Hands must be washed thoroughly with soap
and water and dried with a hand dryer or a
clean paper towel before handling food.

2 Inthe hospital setting, the food handler should
wear a fresh plastic apron over the usual
kitchen dress.

3 Clean utensils, containers and chopping
boards must have been through a disinfecting
dishwasher before use.

4 In a hospital kitchen, work surfaces should be
wiped with a suitable disinfectant solution
before ‘clean’ meals are prepared. This precau-
tion should be unnecessary at home.

5 Wooden utensils (e.g. chopping boards) must
not be used.

6 A fresh packet or tin should be used for each
meal to avoid re-opening containers. Large
packets (e.g. a loaf of bread, a pint of milk)
can be divided into convenient size portions
and individually wrapped at the beginning of
each day.

7 Before opening packages such as tins, the top
should be wiped with a clean cloth or paper
towel.

8 Tin openers should be washed daily, prefer-
ably in a disinfecting dishwasher.

9 Cooking methods employed should ensure a
minimum core temperature of 70°C, and this
temperature should be maintained until the
food is eaten.

10 There should be minimum delay between food
being cooked and consumed.

The ‘clean’ diet should be fully explained to the
patient and carers prior to transplant as it should be
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Food Allowed Not allowed
Water Sterile water Mineral water
Boiled tap water Unboiled water
Drinks Fruit juice and soft drinks — individual cartons or cans Squashes unless prepacked and pasteurised
Ice cubes and ice lollies — made with sterile water
High energy packaged drinks (e.g. Polycal Liquid)
Tea, coffee, cocoa etc. — individual sachets
Milk and dairy Milk — UHT, pasteurised, condensed or sterilised in Unpasteurised milk
products individual portions Soft cheeses
Cheeses — individually vacuum wrapped portions; Unwrapped hard cheese
cheese spread portions; processed cheese Blue cheeses
Yoghurt — pasteurised Unpasteurised or ‘live’ yoghurt
Butter/margarine — individual portions Fresh cream
Cream — UHT or sterilised
Ice cream — individually wrapped portions
Cereals Breakfast cereals — individual packets Cereals with added milk powder; sugar coated

Meat and poultry

Fish

Eggs

Vegetables

Fruit

Snacks and soups

Miscellaneous

Bread from newly opened loaf

Biscuits and cakes — individual portions
Rice — well cooked

Pasta — tinned or dried

Pork, lamb, beef, veal — fresh or frozen, well cooked
Tinned meats; chicken, sausages, ham, corned beef
Meat paste in individual jars

Freshly-cooked fresh or frozen fish
Tinned fish
Fish fingers, fish paste

Hard boiled egg
Fried egg

Fresh leafy vegetables — well washed and cooked
Root vegetables, washed, peeled and cooked
Jacket potato; oven chips

Beans and lentils — well cooked or tinned
Tomato and cucumber — raw, peeled

Tinned and frozen vegetables

Fresh fruit that can be peeled
Tinned fruit

Crisps, sweets etc. — individual packets
Tinned soups, packet soups — made with boiled water

Cooking oils

Puddings, pies, custards — freshly made

Jelly — made with sterile/boiled water

Salt, salad cream, sauces — individual portions
Pepper — gamma-irradiated

cereals

Unwrapped bread

Cream cakes

Slow-cooked rice (e.g. rice pudding)
Fresh pasta

Chicken, turkey — fresh or frozen
Sausages

Pies (unless home made)

Take away meals (e.g. hamburgers)
Salami

Liver paté, liver sausage

Shellfish

Raw egg, soft-cooked egg

Salad vegetables which cannot be peeled
(e.g. lettuce, radish)
Raw root vegetables

Unpeeled fruit
Dried fruit

Unwrapped sweets

Instant puddings made with cold water
Herbs and spices
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Table 2.3 High risk foods.

Mineral water

Raw eggs and cooked egg dishes
Soft and blue-veined cheeses
Paté

Live and bio yoghurts
Take-away foods

Reheated chilled meals
Ready-to-eat poultry
Shellfish

Soft whip ice cream

Nuts and dried fruit

commenced as soon as the patient is able to take
anything orally. Prior discussion also allows time
to obtain supplies of favourite or unusual foods
and to liaise with the catering department regard-
ing provision of supplies.

At discharge, neutrophil counts may still be
below normal so care to avoid food-borne infection
is required. Food hygiene advice and avoidance
of high risk foods (Table 2.3) are required. Com-
prehensive food safety advice is available from the
Food Standards Agency [20].
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Enteral Nutrition

Tracey Johnson

Enteral nutrition is the method of supplying nutri-
ents to the gastrointestinal tract. Although enteral
nutrition is the term often used to describe nasogas-
tric, gastrostomy and jejunostomy feeding, it also
includes food and drink taken orally.

Enteral feeding is the preferred method of pro-
viding nutritional support to children who have a
functioning gastrointestinal tract, with parenteral
nutrition (PN) reserved for children with severely
compromised gut function. It is safer and easier to
administer than PN both in hospital and at home
and can be adapted to meet the individual require-
ments of infants and children of all ages.

Some children receive their full nutritional require-
ments via a nasogastric, gastrostomy or jejuno-
stomy tube, whereas others require nutritional
support to supplement poor oral intake or to meet
increased nutritional requirements. Enteral feeding
may be short term but for many children it can be a
long term or even life-long method of feeding. As a
result, regimens need to be adaptable to ensure
each child receives the vital nutrients they require
for normal growth and development.

Tube feeding of children requires the expert
input of a paediatric dietitian who, along with a
specialist multidisciplinary team, has the know-
ledge to use feeds and feeding equipment appro-
priate to the individual requirements and clinical
condition of the patient. Indications for enteral
feeding are given in Table 3.1.

Table 3.1 Indications for enteral feeding.

Indication Example

Inability to suck Neurological handicap and

or swallow degenerative disorders

Severe developmental delay

Trauma

Critically ill child requiring ventilation
Anorexia Cystic fibrosis
associated Malignancy

with chronic
illness

Inflammatory bowel disease
Liver disease

Chronic renal failure
Congenital heart disease
Inherited metabolic disease

Cystic fibrosis

Congenital heart disease
Malabsorption syndromes

(e.g. short gut syndrome, liver disease)

Increased
requirements

Tracheo-oesophageal fistula
Oesophageal atresia
Orofacial malformations

Congenital
anomalies

Crohn’s disease

Severe gastro-oesophageal reflux
Short bowel syndrome

Glycogen storage disease

Very long chain fatty acid disorders

Primary disease
management
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Choice of feeds

The choice of feed is dependent on a number of
factors:

o Age

e Gut function

e Dietary restrictions and specific nutrient
requirements

e Route of administration

e Prescribability and cost

Infants under 12 months

Many infants requiring tube feeding may be given
the same feed they would otherwise be taking
orally. Children who are breast fed may be able to
continue breast milk and there are physiological
and psychological advantages to this. Mother’s
expressed breast milk (EBM) may be given to her
own baby or pasteurised donor breast milk may be
available. The principal benefits of using breast
milk are the presence of immunoglobulins, antimi-
crobial factors and lipase activity. In addition, there
is a psychological benefit to the mother if she is able
to contribute to the care of her sick child by provid-
ing breast milk. These benefits may be outweighed
by the possible poorer energy density of EBM, par-
ticularly if the fore milk is used which is lower in fat
than the hind milk. If the infant fails to gain weight
on breast milk alone, it can be supplemented with a
commercial human milk fortifier (see p. 80 for the
premature infant) or with standard infant formula
powder (see p. 15 for the term infant).

Pasteurisation of a mother's EBM remains a
controversial issue. Pasteurisation will destroy a
percentage of the antimicrobial, hormonal and
enzymic factors within the milk [1] but may protect
against bacterial contamination. The vitamin
content of breast milk can also be affected by pas-
teurisation [2]. Currently, there are no national
guidelines and individual hospitals and units have
developed their own local protocols. The cleanli-
ness of the collection technique can be assessed by
microbial analysis and a decision then made as to
whether the milk can be used raw or whether it
needs to be pasteurised.

Standard infant formulas are suitable for enteral
feeding from birth to 12 months of age for those

children with normal gut function and normal
nutritional requirements. They provide an energy
density of 65-70 kcal (270-290 k]) /100 mL and meet
the European Community Regulations for Infant
Formulae [3]. Follow-on formulas may also be used
after 6 months of age if their higher protein and
iron content is thought to be more beneficial to the
child. Many infants requiring enteral feeding will
have increased nutritional requirements. Nutrient
dense infant formulas such as Infatrini and SMA
High Energy are commercially available and
have been shown to promote better growth than
standard formulas with added energy supplements
(glucose polymer powders and fat emulsions) [4].
Concentrating standard infant formulas achieves
a feed that is more nutrient dense and retains an
appropriate protein: energy ratio similar to the
commercial nutrient dense formulas (see p. 15).

Standard infant formulas are based on cow’s
milk protein, lactose and long chain fat. Infants
with impaired gut function who do not tolerate
whole protein feeds frequently benefit from the use
of hydrolysed protein or amino acid based feeds.
Such feeds are hypoallergenic and are free of cow’s
milk protein and lactose. Many of these formulas
also have a proportion of the fat content as medium
chain triglycerides (MCT) which can be beneficial
where there is fat malabsorption, e.g. liver disease,
short gut syndrome (see Table 7.7).

If the specific requirements of an infant cannot be
met by a commercial infant formula, it is possible
to formulate a feed from separate ingredients.
These modular feeds allow a choice of protein, fat
and carbohydrate and give the flexibility to meet
the needs of individual patients. However, they are
expensive and time consuming to prepare and
there is a greater risk of bacterial contamination
and mistakes during their preparation. It will take
several days to establish a child on a full strength
modular feed (see Table 7.25). Consequently, modu-
lar feeds should only be used if a ready-made feed
is unsuitable and, in the hospital setting, should
ideally be prepared in a dedicated special feed
preparation area.

Children 1-12 years (8—45 kg body weight)

Specialist paediatric feeds are available for chil-
dren 1-12years of age or who weigh 8-45kg.



Department of Health guidelines [5] indicate chil-
dren have differing nutritional requirements ac-
cording to their age and consequently specifically
designed feeds for these age groups are recom-
mended to ensure provision of appropriate levels
of protein, micronutrients and electrolytes to
optimise growth. Although nutritional profiles of
paediatric feeds are designed to meet the specific
requirements of children, it is still important to
assess requirements and intakes for the individual.

Feeds are available for children within three age
bands:

e 1-6years
e 1-10years
e 7-12years

Feeds for younger children were originally based
on guidelines published in 1988 [6]. All feeds are
categorised as Dietary Foods for Special Medical
Purposes and must comply with the 1999 EC
Directive [7]. Standard paediatric feeds are based on
cow’s milk protein but are lactose free and provide
three levels of energy density: 100 kcal (420 kJ)/
100 mL, 120 kcal (510kJ)/100 mL and 150 kcal
(630k])/100 mL. A lower energy feed, 75 kcal
(315k]J)/100 mL, is also available. Most product

Table 3.2 Paediatric enteral feeds.
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ranges are formulated either with or without added
fibre.

Constipation is common in exclusively tube fed
children, particularly those with neurological impair-
ment [8]. A normal diet contains fibre and with an
improved knowledge of the role of dietary fibre it
is now common practice for children to receive a
fibre-containing feed as the standard. Studies have
shown the use of fibre-enriched feeds reduces the
incidence of constipation and laxative use [9,10].

Children with neurological impairment form the
largest single diagnostic group who have long term
enteral feeding at home [11]. This group of children
frequently have a low energy expenditure and if a
standard feed is provided in adequate volumes to
meet recommendations for protein and micronutri-
ents, they may show excessive weight gain. Lower
energy feeds with appropriate protein and micro-
nutrient profiles are available to meet the specific
requirements of this group of children (see p. 581).

The range of paediatric enteral feeds is outlined
in Table 3.2.

For children with abnormal gut function, as with
infants, hydrolysed protein feeds are also available
(see Table 7.12). It is also sometimes necessary, as
with infants, to use a modular feed (see Table 7.26).

Energy Protein Fibre
Age (Weight) kcal (kJ)/100 mL g/100 mL g/100 mL

Nutrini (Nutricia) 1-6 years (8-20 kg) 100 (420) 2.7 -
Paediasure (Abbott) 1-10 years (8-30 kg) 101 (422) 29 -
Clinutren Junior Powder (Nestle) 1-6 years (8-20 kg) 100 (420) 2.97 -

150 (630) 4.46 -
Frebini Original (Fresenius) 1-10 years (8-30 kg) 100 (420) 2.5 -
Nutrini Multifibre (Nutricia) 1-6 years (8-20 kg) 100 (420) 2.7 0.75
Paediasure Fibre (Abbott) 1-10 years (8-30 kg) 101 (422) 2.9 0.5
Frebini Original Fibre (Fresenius) 1-10 years (8-30 kg) 100 (420) 2.5 0.75
Isosource Junior (Novartis) 1-6 years (8-20 kg) 120 (510) 2.7 -
Nutrini Energy (Nutricia) 1-6 years (8-20 kg) 150 (630) 4.1 -
Paediasure Plus (Abbott) 1-10 years (8-30 kg) 151 (632) 4.2 -
Frebini Energy (Fresenius) 1-10 years (8-30 kg) 150 (630) 3.75 -
Nutrini Energy Multifibre (Nutricia) 1-6 years (8-20 kg) 150 (630) 4.1 0.75
Paediasure Plus Fibre (Abbott) 1-10 years (8-30 kg) 151 (632) 4.2 0.75
Frebini Energy Fibre (Fresenius) 1-10 years (8-30 kg) 150 (630) 3.75 1.1
Nutrini Low Energy Multifibre (Nutricia) 1-6 years (8-20 kg) 5(315) 2.05 0.75
Tentrini (Nutricia) 7-12 years (21-45 kg) 100 (420) 3.3 -
Tentrini Multifibre (Nutricia) 7-12 years (21-45 kg) 100 (420) 3.3 1.1
Tentrini Energy (Nutricia) 7-12 years (21-45 kg) 150 (630) 49 -
Tentrini Energy Multifibre (Nutricia) 7-12 years (21-45 kg) 150 (630) 4.9 1.1
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Children over 12 years (>45 kg body weight)

The requirements of children over 12 years of age
may still be met by a paediatric feed designed for
7-12-year-olds; individual assessment is necessary.
Standard adult feeds may also be used and are
available with energy densities of 1 kcal (4 k])/mL
and 1.5kcal (6k])/mL, with and without fibre.
Some adult feeds have a protein content of 6 g/100
mL or more, so care should be taken when using
such feeds for children, even if they are over 12
years of age, as they may provide excessively high
amounts of protein. Intakes of copper, chromium,

Table 3.3 Choice of feeds for enteral feeding.

molybdenum and vitamins E, C, B, and B,, will also
be high. Adult peptide based and elemental feeds
can be used for children with impaired gut function
and it is also necessary in special circumstances to
employ the flexibility of a modular feed.

The choice of feeds suitable for children is given
in Table 3.3.

Feed thickeners

Feed thickeners can be a useful dietary intervention
for children with gastro-oesophageal reflux. In

Normal gut function

Impaired gut function

Infants Normal energy requirements

Breast milk or standard infant formula

High energy requirements

Breast milk + BMF/standard infant formula

Concentrated infant formula

Hydrolysed protein formula, e.g. Pepti-Junior
(Cow & Gate), Nutramigen 1, 2 (Mead Johnson)
Amino acid infant formula, e.g. Neocate (SHS)
Modular feed

Nutrient dense infant formula (e.g. Infatrini,

SMA High Energy)

1-6 years (8-20 kg) Normal energy requirements

Standard paediatric enteral feed

e.g. Nutrini (Nutricia), Paediasure (Abbott)

+/—fibre
High energy requirements
High energy paediatric enteral feed

Hydrolysed protein formula, e.g. Pepdite 1+
(SHS), Peptamen Junior (Nestlé)

Amino acid formula, e.g. Neocate Advance
(SHS)

Modular feed

e.g. Nutrini Energy (Nutricia), Paediasure

Plus (Abbott)

+/—fibre

Low energy requirements
Low energy paediatric feed

e.g. Nutrini Low Energy Multifibre (Nutricia)

6-12 years (20-45 kg)  Normal energy requirements

Standard paediatric enteral feed

e.g. Tentrini (Nutricia), Paediasure (Abbott)

+/—fibre
High energy requirements
High energy paediatric enteral feed

Hydrolysed protein formula, e.g. Pepdite 1*
(SHS), Peptamen (Nestlé)

Amino acid formula, e.g. E028/E028 Extra (SHS)
Modular feed

e.g. Tentrini Energy (Nutricia) , Paediasure Plus

(Abbott)

12 years + (>45 kg) Normal energy requirements*

Standard adult enteral feed +/— fibre

e.g. Nutrison Standard (Nutricia), Osmolite (Abbott)

High energy requirements*

High energy adult enteral feed +/— fibre

Hydrolysed protein feed, e.g. Peptamen
(Nestlé), Nutrison Pepti (Nutricia)

Amino acid feed, e.g. E028/E028 Extra (SHS)
Modular feed

Nutrison Energy (Nutricia), Ensure Plus (Abbott)

BMF, breast milk fortifier.
* Paediatric feed designed for 6-12-year-olds may be suitable.



addition to anti-reflux medication, feed thickeners
can help to reduce vomiting and minimise the risk
of aspiration. Feed thickeners can also be added to
enteral feeds that would otherwise separate out
when left to stand (e.g. modular feeds).

There is a wide range of commercial products
that are suitable for thickening enteral feeds (see
Table 7.27). Thickened feeds may be difficult to
give as a bolus via a fine bore nasogastric tube, so
syringe feeding or pump feeding may be necessary.
It is also important to consider the energy contri-
bution of some of the thickening agents. The thick-
eners based on modified starch given at a concen-
tration of 3 g/100 mL may result in an increased
energy content of more than 10%.

Routes of administration
Nasogastric feeding

Nasogastric is the most common route for enteral
feeding and, unless prolonged enteral nutrition is
anticipated, it would usually be the route of choice.
Passing a nasogastric tube can be distressing for
both parents and children and careful preparation
is beneficial [12]. Frank discussions and a clear
explanation of the procedure can help older chil-
dren, and play therapy with the use of dolls,
mannequins [13] and picture books has been
shown to alleviate anxieties in the younger age
group. Older children, particularly teenagers, are
naturally sensitive about their body image and they
may be reluctant to start nasogastric feeding. Some
children successfully pass their own nasogastric
tube at night and remove their tube in the daytime,
which can be a successful way of administering
supplementary feeds without the embarrassment
of a permanent nasogastric tube in situ.
Nasogastric feeding is a lifeline for many chil-
dren, but it is not without its complications. Some
of the more serious complications are related to
dislodgement, poor placement and migration of
tubes. Following a number of deaths, the National
Patient Safety Agency published a report suggest-
ing conventional methods to check tube placement
were inaccurate. The common method to aspirate
the tube and test with blue litmus paper is not
sensitive enough to distinguish between gastric
and bronchial secretions; auscultation of air or
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observation of gastric contents is also considered
ineffective. Radiology and testing of gastric aspi-
rate with pH paper are the only acceptable methods
of confiming nasogastric tube position [14].

Long term nasogastric feeding in some children
can cause inflammation and irritation to the
skin where the nasogastric tube is secured to the
face. Use of DuoDerm or Granuflex (ConvaTec,
Ickenham, Middx) placed onto the skin can
improve this. Another common problem, particu-
larly with fine bore tubes, is tube blockage. Regular
flushing of tubes can help to prevent this problem
and the use of carbonated liquids can clear and
prevent the build-up of feed within the lumen of
the tube.

Gastrostomy feeding

Gastrostomy is a widely used route of feeding
when longer term enteral nutrition is indicated [15].
Gastrostomy feeding is generally well accepted in
children as it is more comfortable, obviates the
need for frequent tube changes and is cosmetically
more acceptable. Indications are not solely for long
term feeding; in certain situations gastrostomy
feeding is the route of choice. This includes chil-
dren with congenital abnormalities such as tra-
cheo-oesophageal fistula and oesophageal atresia
and children with oesophageal injuries (e.g. follow-
ing the ingestion of caustic chemicals). It has been
suggested that a contraindication for gastrostomy
is severe gastro-oesophageal reflux. This can be
exacerbated with the introduction of a gastrostomy
tube [16] and gastrostomy placement in such chil-
dren is generally performed in combination with a
fundoplication (p. 129).

The most popular technique for placing a
gastrostomy tube is the percutaneous endoscopic
gastrostomy (PEG) method [17]. This does not
require open surgery and is therefore completed
with a shorter anaesthetic time, making it a quicker
technique with fewer complications than a sur-
gically placed gastrostomy tube. After about 3
months, once the tract is formed, a child can be
fitted with a gastrostomy button that sits almost
flush against the skin. This is far more discreet than
the tubing associated with a conventional gastros-
tomy catheter and is a popular choice, particularly
with teenagers.
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Gastrostomy tubes and buttons require less fre-
quent changes than nasogastric tubes. A device
secured by a deflatable balloon is easier to change
than one secured by an internal bumper bar or disc.
If a tube is inadvertently removed it should be
replaced within 6-8 hours or the tract will start to
close.

The main complication of gastrostomy feeding is
leakage from around the gastrostomy site. This can
cause severe inflammation and skin irritation and
patients and parents should be taught about skin care.

Feeding into the jejunum

Indications for feeding into the jejunum include:

Congenital gastrointestinal anomalies
Gastric dysmotility

Severe vomiting resulting in failure to thrive
Children at risk of aspiration

When children are fed directly into the jejunum,
feed enters the intestine distal to the site of release
of pancreatic enzymes and bile. Whole protein
feeds may be well tolerated but if malabsorption
occurs the use of a hydrolysed protein feed is
recommended. Feeds delivered into the jejunum
should always be given by continuous infusion.
The stomach acts as a reservoir for food in the
normally fed child, regulating the amount of food

that is delivered into the small intestine. Feed given
as a bolus into the small intestine can cause abdom-
inal pain, diarrhoea and dumping syndrome,
resulting from rapid delivery of a hyperosmolar
feed into the jejunum.

Placement of a nasojejunal tube is difficult and
maintaining the position of the tube causes numer-
ous problems. The position of the tube can be
checked using pH paper. The tube can sponta-
neously resite into the stomach or can be inadver-
tently pulled back, and weighted tubes do not seem
to be of much value in preventing this occurrence
[18]. For longer term feeding, a surgical jejuno-
stomy tube or a gastrojejunal tube is usually a more
successful route for nutritional support.

Complications can include bacterial overgrowth,
malabsorption, bowel perforation and tube block-
age. Like nasogastric and gastrostomy tubes,
jejunostomy tubes need regular flushing to main-
tain patency and it is recommended that sterile
water is always used.

The routes of enteral feeding are shown in
Fig. 3.1. The advantages and disadvantages of the
routes of feed administration are given in Table 3.4.

Orogastric feeding

This route is principally used for feeding neon-
ates where nasal access is not feasible or where

Table 3.4 Advantages and disadvantages of various routes of feed administration.

Nasogastric feeds

Gastrostomy feeds

Jejunostomy feeds

Advantages

No surgical procedure required
Placement can be easily taught
Non-invasive

Disadvantages

Nausea

Dislodgement of the tubes
with coughing

Vomiting associated with
coughing and reflux

Feeling of satiety

Difficulty in inserting nasogastric tube
Irritation to the nose and throat
Possibility of aspiration

Visible

Percutaneous endoscopic gastrostomy tubes
can be inserted with a short anaesthetic
No nightly insertion of tube

Nausea

Vomiting associated with coughing and reflux
Local infection

Leakage around the tube causing granuloma
formation

Possibility of aspiration

Tube blockage

Local infection

Tube dislodgement

No possibility of aspiration
No nightly insertion of tube

Nausea

Tube blockage

Feeling of satiety

Placed under general anaesthesia
Increase risk of nutrient malabsorption
Leakage around the tube causing
granuloma formation

By kind permission of A. MacDonald.
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Figure 3.1 Routes of enteral feeding.

breathing would be compromised. The tube is
passed via the mouth into the stomach. If all feeds
are given via the orogastric tube it can be taped in
place, but if the infant is taking some breast or bot-
tle feeds the tube can be passed as required and
removed between feeds.

Gastrostomy coupled with oesophagostomy

Following surgery in infants born with tracheo-
oesophageal fistulas or oesophageal atresia, it is not
always possible to join the upper and lower ends of
the oesophagus in continuity. When the baby has
grown, surgical reconnection will be considered at
a later date. Until this time the child receives nutri-
tion via a gastrostomy tube but is encouraged to
feed orally to learn normal feeding skills. The food
that is taken orally is collected at an oesophagost-
omy site and is commonly referred to as a ‘sham
feed’ (see p. 127).
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Continuous versus bolus feeding

Enteral feeds can be given continuously via an
enteral feeding pump, or as boluses, or a combina-
tion of both. A regimen should be chosen to meet
the individual requirements of the child and in
most cases can be tailored to the most practical
method of feeding to cause minimum disruption to
the child’s lifestyle and that of their family. Certain
situations will dictate a preferred feeding regimen,
but a flexible approach to feeding should be taken
wherever possible. This enables the child to main-
tain their usual day-to-day activities and for the
family to experience minimal disruption to their
lifestyle and routines. Flexibility is especially
important in children with a need for long term
tube feeding who, as time passes, will need a feed
that is appropriate to their age and changing
nutritional requirements and a regimen that is
adaptable as they grow and develop.

Continuous feeding

Generally, children will tolerate a slow, continuous
infusion of feed better than bolus feeds and this
method is sometimes chosen when enteral feeding
is first started. Potentially, there are fewer problems
with intolerance when small feed volumes are
infused continuously and there is a smaller time
commitment for ward staff and for parents and car-
ers at home. Mobility is affected but is minimised
by the use of portable feeding pumps, particularly
for children who are on continuous feeding for
longer than 12 hours. These portable pumps can
be carried by older children as backpacks and for
infants can be carried by their parents, carers or
attached to a pram or pushchair. Children under 6
years are often too small to carry a heavy backpack,
yet cannot be kept still for long periods of continu-
ous feeding. In these children the extra hours of
feeding can sometimes be achieved during daytime
sleeps and when they are occupied with quieter
tasks or watching television and DVDs.

There are situations where continuous feeding
is essential. Feeds given through a nasojejunal tube
or feeding jejunostomy should always be delivered
by continuous infusion. Severe gastro-oesophageal
reflux can be managed with a slow continuous
infusion of feed as an adjunct to anti-reflux
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medication and positioning. Infants and children
with malabsorption will also benefit from a continu-
ous infusion of feed. This will slow transit time
and may improve symptoms of diarrhoea, steator-
rhoea and abdominal cramps and help to promote
weight gain. In children with protracted diarrhoea
and short bowel syndrome, continuous enteral
feeding with a specialised formula often forms the
basis of medical management; continuous tube
feeding is also a well-established treatment option
for children with Crohn’s disease to induce remis-
sion of disease. Infants and children with glycogen
storage disease type I require a frequent supply of
dietary glucose to maintain their blood glucose
levels within normal limits. A continuous overnight
nasogastric infusion of glucose polymer solution or
standard feed will maintain blood sugars when the
child is asleep.

Intermittent bolus feeding

Bolus tube feeding is successfully used in many
children requiring enteral feeding both in hospital
and at home. Boluses given 3—4-hourly throughout
the day via the nasogastric or gastrostomy tube
mimics a physiologically normal feeding pattern
and can be adapted to fit in with family mealtimes.
It is more time consuming than continuous feeding
but is the preferred method for many families with
children requiring long term feeding as it gives
them greater freedom and mobility.

There are situations in which bolus feeding is
recommended. Neonates requiring small volumes
may need to be given their feed by hourly bolus as
the length of tubing between the reservoir and child
creates a ‘dead space’ holding feed. This can be
particularly relevant in infants fed EBM as some fat
can be lost by adherence to the sides of the burette
and tubing [19]. Children who have had a surgical
anti-reflux procedure are unable to vomit. Large
volumes of feed from a continuous infusion can
accumulate in the stomach and remain undetected
in children who have gastric stasis or poor gastro-
intestinal motility. This can lead to gastric rupture.
Bolus feeding with a gravity feeding pack will pre-
vent over-filling of the stomach as tubes are rou-
tinely aspirated before each feed and further feed
will be prevented from entering the stomach from
the feeding chamber if the stomach is already full.

Children who frequently try to remove their
nasogastric tube risk aspiration if the end of the
tube is dislodged into the airways. They will bene-
fit from bolus feeding as they can be constantly
supervised during the feed. Children with an
oesophagostomy who are sham fed should pre-
ferably receive bolus feeds to coincide with their
oral feeds. Finally, the continuous delivery of
enteral feeds may interfere with the absorption of
medication. Bolus feeding will provide periods
of rest when medication can be given on an
empty stomach to allow optimal absorption.

A schedule of feeding regimens is given in
Table 3.5.

Enteral feeding equipment
Nasogastric feeding tubes

There is a wide range of paediatric feeding tubes
available. The tubes are of varying lengths and
gauges to meet the requirements of children of all
ages. All tubes should conform to British Standards
BS 6314 with a male Luer connection to avoid con-
nection with intravenous lines and should be radio-
opaque to help confirm position. For children, an
ideal tube should be of a small gauge with a large
internal diameter to make the tube more comfort-
able and cosmetically acceptable. All tubes will
have a syringe adaptor to use for flushing, aspira-
tion or administration of drugs. Some tubes may
also have separate side ports.

Polyvinylchloride (PVC) tubes are used for short
term enteral feeding. They are for single use only
and require changing every week as the tubes
stiffen over time and may cause tissue damage.
These tubes are less likely to be displaced than a
polyurethane tube so can also be used for children
who are prone to vomiting.

Fine bore polyurethane or silicone tubes are
designed for longer term nasogastric feeding and
are very much softer and more comfortable than
PVC tubes. Each tube comes with a guidewire or
stylet to give the tube rigidity when passed. As a
general guide tubes can usually remain in situ for
4-6 weeks but manufacturers’ instructions regard-
ing usage should always be followed. Unlike PVC
tubes which are for single use and must not be
repassed, these tubes can be removed during the
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Regimen Example

Bolus top-up feeding Congenital heart disease

Bottle feeds are not completed due to breathlessness: the remaining feed is topped up via the

nasogastric tube

Exclusive bolus feeding

Long term feeding for children with a neurological handicap

Daytime bolus feeding can allow flexibility and mobility and provide a regimen that can fit in

with family mealtimes
Post-fundoplication

Bolus feeding is usually the method of choice for children following a surgical anti-reflux

procedure
Sham feeding

Children who are sham fed should receive a bolus feed to coincide with oral feeds

Combination of bolus and Chronic illness

continuous feeding

Children with anorexia associated with chronic illness may receive a large proportion of their

nutrition via a nasogastric or gastrostomy tube. Daytime boluses allow for a normal meal pattern
and overnight feeding with a feeding pump reduces the time commitment at night for parents and

ward staff

Overnight feeding only Supplementary nutrition

Children who require enteral feeding to supplement their poor oral intake or to meet their
increased nutritional requirements are usually fed overnight only. This allows the children to
maintain a normal daytime eating pattern while still providing the nutritional support they require

Primary disease management
Gastro-oesophageal reflux

Continuous feeding only

Malabsorption syndromes (e.g. short gut)

Crohn’s disease
Glycogen storage disease

daytime and repassed at night if storage and clean-
ing instructions are carefully adhered to.

When passing polyurethane tubes there is a high
risk of tracheal intubation in children who have an
impaired swallow or who are ventilated. In these
children PVC tubes may be preferable despite the
need for longer term feeding.

Gastrostomy devices

Gastrostomy devices evolved considerably in the
1990s with an increasing amount of equipment
entering the specialised paediatric market. Gastro-
stomy tubes, whether inserted by an open proce-
dure or a percutaneous endoscopic method, are
manufactured from pliable, biocompatible silicone.
PEG tubes are held in place by a cross bar or
bumper preventing inadvertent removal and
require repeat endoscopy for change of tube or
replacement with a gastrostomy button once the

tract has formed. Surgically placed gastrostomy
tubes are secured by an inflated balloon which
allows easy replacement of the tube. They also have
a skin level retention disc preventing migration of
the tube. Foley catheters are not ideal but may be
used as gastrostomy tubes. They require strapping
securely in place, as they have no retention disc and
may easily migrate into the duodenum. Children
requiring long term gastrostomy feeding will usu-
ally elect to have a gastrostomy button once a tract
has been established. These devices are secured
within the stomach by an inflated balloon facilitat-
ing removal and replacement.

Enteral feeding pumps

Choice of feeding pumps will depend on the
requirements of individual hospitals and indi-
vidual children but there are a number of features
that are either essential or desirable:
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Occlusion and low battery alarms

Easy to operate

Durable

Tamper-proof

Easy to clean

Low noise

Small and lightweight if designed to be

portable

Long battery life if designed to be portable

Accurate flow rate setting (5-10%)

e Small flow rate increments (1 mL/hour
preferable)

e Option of bolus feeding

e Good servicing back-up

Reservoirs

Many standard paediatric feeds are now available
in pre-filled containers which can be connected
directly to the giving set. This reduces the need for
decanting and the risk of bacterial contamination.

If it is necessary to decant a feed into a reservoir
there are many different flexible and rigid con-
tainers on the market for this purpose. Generally,
children require smaller reservoirs than adults,
especially when using a portable system. Infants
requiring small volumes of feed may have their
feed decanted into a burette, which has a small
capacity and is principally for hospital use.

Studies have shown that feed contamination is
common [20,21] so feed should always be decanted
in a clean environment. Whatever choice is made,
the reservoir and giving set should be changed
every 24 hours and discarded. Any practice of ster-
ilisation and re-use potentially leads to infection
and is not recommended.

The length of time a feed can safely be left ‘hang-
ing’ varies. Sterile ready-to-use feeds may be hung
and delivered over a period of up to 24 hours. Local
policy will vary but hanging time for reconstituted
feeds is much shorter and generally no longer than
4 hours in the hospital setting.

Home enteral feeding

When a decision is made to commence enteral feed-
ing at home it is important that the parents undergo
a training programme that will teach them to look

after all aspects of feeding and equipment safely.
Correct procedures and adherence to safety are
paramount and all parents and carers will require
help and supervision to become familiar with the
techniques involved prior to hospital discharge
[22]. Pictorial teaching aids may be used to help
families for whom English is not their first lan-
guage and those unable to read and follow written
guidelines [23]. It is essential to identify and liaise
with community teams who will be sharing care
when a child is discharged; they will have a key role
in supporting the child and family. While it is
essential that the child receives adequate nutrition,
the enteral feeding regimen should be planned to
fit in as much as possible with the family’s lifestyle.

Home enteral feeding companies can supply
both feeds and feeding equipment directly to the
home. With more companies providing a home
delivery service, the market has become competi-
tive and hospital and community trusts are bene-
fiting from improved deals. The companies may
insist on the use of their own brand of pumps and
feeds so it is important to ensure the child gets a
suitable infusion pump and the feed that has been
prescribed.

The National Institute for Health and Clinical
Excellence (NICE) gives recommendations for in-
fection control during enteral feeding in the com-
munity [24]. These include guidelines for education
of patients, their carers and health care personnel;
preparation, storage and administration of feeds;
and care of feeding devices. They recommend that
prepackaged ready-to-use feeds should be used in
preference to feeds requiring decanting, reconstitu-
tion or dilution, and that reconstituted feeds when
used should be administered over a maximum
4-hour period. They acknowledge that the recom-
mendations need to be adapted and incorporated
into local practice guidelines.

The social and emotional aspects of tube feeding
are often overlooked. Studies have shown that
families experience frequent problems with enteral
feeding at home related to sleep disturbance, tube
dislodgement, tube blockage and difficulties with
home delivery of feed and equipment [25,26].
Dietitians and community nurses need to explore
solutions to the common problems associated with
overnight feeding. Regular review is necessary in
long term patients to continue to identify and
minimise problems.
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Symptom Cause

Solution

Unsuitable choice of feed in children
with impaired gut function
Fast infusion rate

Diarrhoea

Intolerance of bolus feeds

High feed osmolality
Contamination of feed

Drugs (e.g. antibiotics, laxatives)

Nausea and vomiting  Fast infusion rate
Slow gastric emptying
Psychological factors
Constipation

Medicines given at the same time
as feeds

Regurgitation and Gastro-oesophageal reflux
aspiration

Dislodged tubes

Fast infusion rate

Intolerance of bolus feeds

Change to hydrolysed formula or modular feed

Slow infusion rate and increase as tolerated to provide
required nutritional intake

Frequent, smaller feeds or change feeding regimen to
continuous infusion

Build up strength of feeds and deliver by continuous infusion
Use sterile commercially produced feeds wherever possible
and prepare other feeds in clean environments

Consider drugs as a cause of diarrhoea before feed is stopped
or reduced

Slowly increase rate of feed infusion or give over a longer
period of time

Correct positioning and prokinetic drugs

Address behavioural feeding issues

Maintain regular bowel motions with adequate fluid intakes,
fibre containing feeds and laxatives

Allow time between giving medicines and giving feeds or stop
continuous feed for a short time when medicines are given

Correct positioning, anti-reflux drugs, feed thickener,
fundoplication

Secure tube adequately and test position of tube regularly
Slow infusion rate

Smaller, more frequent feeds or continuous infusion

Enteral feeds are prescribed by the general prac-
titioner although the costs for disposable equip-
ment may be funded by a number of different
agencies. These include hospital, community and
dietetic budgets.

Feed administration and tolerance

The way in which a feed is administered ultimately
depends on the clinical condition of the individual
child so there are no set rules for starting enteral
feeds. Neonates may need to be started on just
1 mL/hour infusion rates whereas older children
may tolerate rates of 100 mL/hour. In most cases
feeds can be started at full strength with the volume
being gradually increased in stages either at an
increased infusion rate or as a larger bolus.

Gastrointestinal symptoms are the most com-
mon complications of enteral feeding but with the
wide choice of feeds, administration techniques
and enteral feeding devices it should be possible to
minimise gastrointestinal symptoms.

Some causes of feed intolerance and their resolu-
tion are given in Table 3.6.

Monitoring children on enteral feeds

Children who are commenced on enteral feeds
require monitoring and review. There are presently
no standards for the monitoring of children on long
term enteral feeding at home in the UK.

At the initiation of enteral feeding, goals must be
set with respect to the aim of the nutritional inter-
vention (e.g. an improvement in nutritional status,
control of symptoms, palliative care), and the
expected growth of the child, taking into account
their underlying clinical disorder. Regular follow-
up is required to monitor both short term and
longer term progress. Anthropometry, blood mon-
itoring and control of any symptoms should be
included in the monitoring procedure. As children
gain weight and get older, their requirements
change and follow-up is essential to ensure they
continue to receive adequate nutrition. Although
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enteral feeds are formulated to be nutritionally
complete it is wise to check nutritional status with
blood tests, particularly if tube feeding is the sole
source of nutrition [27]. Routine checks of albumin,
electrolytes and haemoglobin are useful as well as
assessment of micronutrient status. Blood tests can
also be helpful in assessing response to nutritional
therapy; for example, monitoring of inflammatory
markers as well as assessment of symptoms can
measure the success of feeding in children with
active Crohn’s disease. Both hospital and com-
munity staff have a part to play in monitoring the
child’s progress and helping the family cope
with tube feeding at home. The needs of a young
infant are quite different from those of a toddler
or teenager and the individual needs of each child
should be considered at different stages of their
development.

Regular follow-up is also important for the
family as well as the child. Home enteral feeding
has a big impact on family life, resulting in both
psychological and practical problems which should
be addressed regularly. Good communication
between the family, hospital and community teams
is essential and the family must be given a contact
for professional help in the case of any emergency.

Another important aspect of follow-up is the
encouragement to maintain oral feeding skills.
Children who miss out on early experiences of taste
and texture are much more likely to develop feed-
ing problems [28]. Offering a small amount of food
gives children the chance to use the lips and tongue
and develop their oral motor skills while experi-
encing a range of tastes. This is particularly import-
ant around the time of weaning when children are
often more willing to accept different foods. Studies
have also shown that in long term tube fed children
even tactile stimulation of the face and mouth alone
can help re-establish oral feeding [29].
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Support group

Patients on Intravenous and Nasogastric Nutrition
Therapy (PINNT) is a support group for patients receiv-
ing parenteral or enteral nutrition, with a sub-group
HALF PINNT for children. The group promotes public
awareness and encourages contact between patients re-
ceiving similar treatment. As well as providing general
support, the group provides assistance with claiming
benefits and can provide members with portable equip-
ment for holidays.

Useful address

PINNT
PO Box 3126, Christchurch, Dorset, BH23 2XS.
www.pinnt.com



Parenteral Nutrition

Joanne Grogan

Introduction

Intravenous feeding was one of the major medical
developments of the 20th century. Parenteral nutri-
tion (PN) first became available for general use in
the 1960s. Problems with infusion of high concen-
tration carbohydrate solutions into peripheral veins
meant that severe phlebitis limited the length of
time PN could be used, because of lack of access.
However, in 1968 Wilmore et al. [1] described the
provision of intravenous nutrients to an infant via a
central venous catheter. Since that time lipid solu-
tions have been developed, improving energy den-
sity in iso-osmolar solutions. The 1970s saw the
development of crystalline amino acid solutions,
reducing the risk of anaphylaxis.

Parenteral nutrition is now an established therapy,
to which many patients of all ages owe their lives. It
has transformed the outcome for many conditions
including feeding the preterm infant and for post-
surgical neonates with short gut syndrome [2].

The composition of PN continues to be devel-
oped and refined. As with many life-saving proce-
dures, PN is not without its risks and is associated
with fatal complications (Table 4.1). PN should
therefore not be used casually but in a disciplined
and organised manner in carefully selected patients
[3,4]. PN should be prescribed only where there are
experienced clinicians, dietitians, pharmacists and
nurses available to contribute to the provision and

monitoring of PN therapy. Improvement in out-
come of PN has been demonstrated where multi-
disciplinary nutrition teams are involved [5,6].

Nutrition support teams

Parenteral feeding requires considerable clinical,
pharmaceutical and nursing skills, and the use of
special laboratory facilities for the biochemical
monitoring of small blood samples. Children who
require PN should be cared for by staff who are
experienced in the prescription, production and
care of PN and its equipment.

A multidisciplinary nutrition team often facilitates
this and many centres now follow this principle [4].
The team usually plans regimens and provides
training in the care, prescription and monitoring
of patients on PN.

The nutrition support team is usually monitored
by a nutrition steering committee, which produces
protocols and procedures and organises audit and
reviews of the PN service. Core members of the
multidisciplinary nutrition team vary from centre
to centre. Good interdisciplinary communication is
paramount if patient care is to be of the highest
standard. Core members are usually as follow:

e Consultant — oversees patient care
e Surgeon — inserts feeding lines and advises
regarding surgical management as required



e Medical registrar — advises on prescription of PN
and many other aspects of care

e PN pharmacist — production of solutions, stabil-
ity, checking of solutions

e Intravenous therapy/PN nurse — trains carers and
staff, co-ordinates patient care

e Biochemist — advises on monitoring and inter-
pretation of blood biochemistry

e Dietitian — in recent guidelines a specialist dieti-
tian is cited as a key member of the nutrition
support team [7]

The role of the dietitian is to ensure the child’s
nutritional requirements are met in order to main-
tain adequate growth and development. The dieti-
tian sets targets for enteral and parenteral feeding
and devises a feeding plan. The dietitian monitors
that correct volumes of prescribed feeds/PN are
received and uses centile charts to plot the child’s
height, weight and head circumference (up to
2 years of age). It is imperative that inadequate
growth is recognised and discussed with the team
at the earliest opportunity. The dietitian advises
regarding suitable adjustments to feeding regi-
mens to enhance intake and absorption and, if
necessary, advises on changes to feeds in cases of
malabsorption or feed intolerance. As part of the
multidisciplinary team, the dietitian reviews the
nutritional biochemistry and contributes to the dis-
cussion and decision making with regard to nutri-
ent intakes and adjustments to the PN.

Nutrition teams usually review the child’s pro-
gress at least weekly, with reviews by some indi-
vidual members daily. In centres where nutrition
teams have been established, reported benefits
include a reduction in mechanical line problems,
reduced sepsis, fewer metabolic complications,
shorter courses of PN (as a result of faster transition
to appropriate enteral formulas) and savings on the
cost of providing PN [5,6].

Indications for parenteral nutrition
in children

Intestinal failure

e Functional immaturity

e Surgical gastrointestinal abnormalities (e.g. gas-
troschisis, intestinal atresia)

e Short bowel syndrome
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Necrotising enterocolitis
Protracted diarrhoea
Malabsorption syndromes
Inflammatory bowel disease
Chronic pseudo-obstruction

Other common indications

e Crohn’sdisease
e Chemotherapy-related intestinal failure
e DPancreatitis

Patients requiring additional nutrition
support

Trauma, burns
Renal failure
Liver disease
Malignant disease

This is not an exhaustive list. In children, PN is a
hazardous and expensive form of nutritional sup-
port and is indicated only where enteral nutrition
cannot prevent or reverse growth failure. PN is
associated with many complications (Table 4.1) and
for this reason it is widely accepted that enteral
feeding should always be used when possible.
If the gut works, it should be used, even if only
minimal feeds are possible [8]. Absence of luminal
nutrients has been associated with atrophic changes
in the gut mucosa and it is well recognised that
enteral feeding is the single most effective way of
preventing many gut-related complications.

Nutritionally insignificant volumes of enteral
nutrition have been found to have a trophic effect
on the gut, encouraging intestinal adaptation, and
have been linked to enhanced gut motility,
decreased incidence of PN-induced cholestasis and
bacterial translocation [9-11]. Unless contraindic-
ated, breast milk (if available) is the feed of choice
for infants. Short, frequent breast feeds or small
boluses of as little as 1-2 mL/hour is beneficial.
Choice of feed is dictated by the clinical condition
of the child. Breast milk or standard infant formulas
are indicated unless there is evidence of malabsorp-
tion and/or feed intolerance. Indicators of malab-
sorption include watery frequent stools which on
analysis are positive for fat and reducing sub-
stances. It may be advantageous to deliver the feed
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Table 4.1 Some complications of parenteral nutrition.
Gut related Solution related Line related
Villous atrophy Over/under delivery of nutrients Sepsis

Decreased digestive enzyme activity
Cholestasis

Bacterial overgrowth/bacterial translocation
Fluid/electrolyte imbalance

Metabolic bone disease Growth failure

Hyperglycaemia

Hyperlipidaemia

Micronutrient toxicity

Toxic effects of non-nutrient components of solutions

Catheter occlusion
Accidental line removal
Site infection

Refeeding syndrome

Cholestasis

Metabolic bone disease

continuously via a feeding pump to aid absorption
(most enteral feeding pumps will not deliver at a
rate lower than 5 mL/hour). If malabsorption is
present, hydrolysed protein feeds which are lactose
free and have a proportion of medium chain fat are
indicated (e.g. Pregestimil or Pepti-Junior).

The timing and duration of PN is dependent
upon the child’s nutritional reserves, expected
duration of starvation and severity of illness. PN
is normally built up over 2-4 days and therefore
it is it is neither reasonable nor clinically indicated
to prescribe PN for less than 5 days [12].

Considerations in paediatric
parenteral nutrition

Growth

Malnutrition in children results in impaired growth
and development. This is particularly true in
infants because of already limited energy reserves.
A preterm infant weighing 1 kg has only 1% body
fat and may survive for only 4 days if starved [13].
Nutritional requirements vary considerably with
age and size, with growth being fastest in infancy
and puberty. The majority of brain growth occurs
in the last trimester of pregnancy and the first 2
years of life. Special care should be taken to avoid
malnutrition and biochemical abnormalities at this
time (e.g. hypernatraemia or hyperaminoacidaemia)
[14,15] as poor nutrition at critical periods not only
results in slowing and stunting of growth, but may
permanently affect neurological development.
Infants are at considerable risk and the com-
mencement of PN in a small infant who cannot
tolerate enteral feeds is a matter of urgency.

Adolescents are at significant risk of not achieving
their growth potential if nutrient requirements are
not met during this critical period.

Liver disease

The prevalence of PN-associated liver disease is
much greater in children than in adults. It has been
reported that up to 65% of infants on PN develop
abnormal liver function tests within 2-3 weeks
of starting PN [16]. PN-associated cholestasis is
related to prematurity, immature enterohepatic
circulation, underlying disease, number of infec-
tions, number of surgeries and number of blood
transfusions [17,18].

PN solutions themselves may have a part to play
in the development of liver disease. Lipid emul-
sions have been implicated [19] and over-feeding of
glucose has been associated with hepatic steatosis
[20] (p. 52).

The aetiology of PN-associated liver disease is
multifactorial and can progress to cirrhosis and
end-stage liver failure in some cases [20]. The early
introduction of enteral feeding is the most import-
ant measure that can be taken to help reduce the
risk of cholestasis. [3]. Enteral feeding is commonly
withheld in preterm neonates in order to help pre-
vent necrotising enterocolitis developing; however,
a review failed to determine whether or not mini-
mal enteral feeding was beneficial in this group
[21].

Essential nutrients

Amino acid requirements differ in children com-



pared with adults. In infancy, because of immature
metabolic pathways, some non-essential amino
acids become conditionally essential. Histidine is
an essential amino acid in infancy in addition to
the eight required by older children and adults and
arginine, cysteine, glycine, proline, taurine and
tyrosine may also be conditionally essential [7].
Because of low stores, essential fatty acid deficiency
can occur within 72 hours of birth [22].

Fluid

Infants have immature organ systems and require
high volumes of fluid in order to excrete elec-
trolytes sufficiently. Young children are physiolog-
ically unable to concentrate urine as effectively as
adults. Maximum urine concentrations are 550
mOsm/L in preterm infants and 700 mOsm/L in
term infants compared with 1200 mOsm/L in
adults [23]. Dehydration and metabolic acidosis
can occur; care should always be taken that ade-
quate fluid requirements are met (Table 4.2).

Oral hypersensitivity

This occurs when the oral route is not used for feed-
ing for lengthy periods of time. Lack of stimulation
together with unpleasant procedures and/or expe-
riences around the mouth area such as intubations,
suction, vomiting, choking may lead to long term
feeding problems. Wherever possible use of dum-
mies, sips, tastes should be employed to maintain
oral function, especially in infancy.
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Table 4.2 Summary of parenteral fluid and electrolyte
requirements for children.

Fluid Na K
Age/weight  (mL/kg/day) (mmol/kg/day) (mmol/kg/day)
<1500 g 140-180 2.0-3.0 1.0-2.0
>1500 g 140-160 3.0-5.0 1.0-3.0
Preterm-2 m 140-160 2.0-5.0 1.5-5.0
2 m-1year 120-180 2.0-3.0 1.0-3.0
1-2 years 80-150 1.0-3.0 1.0-3.0
3-5 years 80-100 1.0-3.0 1.0-3.0
6-12 years 60-80 1.0-3.0 1.0-3.0
13-18 years 50-70 1.0-3.0 1.0-3.0

Source: After Koletzko et al. [7]

In cases of refusal to feed or distress during
feeding time, involvement of a specialist speech
therapist to advise regarding oral desensitisation is
recommended.

Nutrient requirements and solutions

Nutrient intakes vary at different centres and tend
to be based on clinical experience [4,12,24,25].
European guidelines have recently been published
[7] based on current available evidence. The main
recommendations for macronutrient intake are
summarised in Table 4.3.

Daily fluid requirements and factors affecting
fluid needs are described in detail elsewhere
[7]. Table 4.2 summarises the recommendations.
Age, size, fluid balance, the environment and
clinical conditions are all factors affecting fluid

Table 4.3 Summary of recommended daily intakes of macronutrients from parenteral nutrition.

Energy Amino acids Lipid CHO
Age kcal/kg Age g/kg Age g/kg Weight (kg) g/kg
Prem 110-120 Prem 1.5-4 Prem 3-4 Upto 3 Uptol18
0-1 years 90-100 Term 1.5-3 Infants 3-4 3-10 16-18
1-7 years 75-90 2 m-3 years 1.0-2.5 10-15 12-14
7-12 years 60-75 15-20 10-12
20-30 <12
12-18 years 30-60 3-18 years 1.0-2.0 Older children 2-3 >30 <10

Source: After Koletzko et al. [7]
CHO, carbohydrate; Prem, preterm.
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requirements. Cardiac impairment, renal disease
and respiratory insufficiency are examples of
conditions that may limit available fluid volumes,
whereas high fluid losses due to diarrhoea, high
output fistula/stoma and fever may all increase
fluid needs. Additional fluid may be needed if
radiant heaters or phototherapy is used.

When ordering PN, the available fluid allowance
should be considered initially. It should be noted
that some of this fluid allowance may be taken up
by medications. The available fluid volume for PN
may influence the choice of nutrient solutions and
the route of delivery. If concentrated PN solutions
are needed to provide adequate nutrition (due to
fluid restrictions), then the peripheral route may be
contraindicated, as there is a risk that concentrated
solutions will cause thrombophlebitis. Children
who are severely fluid restricted will only receive
adequate nutrition if the concentrated PN is deliv-
ered via a central venous catheter (p. 54).

Fluid and electrolytes

Electrolyte requirements vary with age, clinical
condition and blood biochemistry. Electrolyte solu-
tions are usually added to the PN in response to
each individual child’s blood biochemistry.

Due to very tight homoeostatic mechanisms,
sodium depletion is not always reflected in blood
biochemistry. Monitoring of urinary sodium excre-
tion to assess total body sodium is useful especially
in cases of high sodium losses such as high output
fistula or cystic fibrosis. A low urinary sodium excre-
tion will indicate the need for increased enteral/
parenteral sodium provision.

Macronutrients

Energy

Many well infants and children will achieve their
expected growth rate if the energy intakes shown
in Table 4.3 are provided. In illness these require-
ments will vary. An appropriate gain in weight for
the age, sex and size of the individual child, taking
the clinical condition into consideration, is likely
to indicate that the prescription is adequate. All
children on PN should be weighed and measured
regularly and these measurements recorded and

plotted on growth charts to ensure appropriate
growth is maintained. Research suggests that actual
energy requirements for many children are less
than originally thought [26]. It is recommended
that energy intakes should be adapted for disease
states that have been found to increase resting
energy expenditure (REE) (e.g. head injury, burn
injury, pulmonary and cardiac disease) [7]. Un-
complicated surgery has been found not to signi-
ficantly increase energy requirements [27,28]. In
critically ill children, energy requirements vary
from day to day [29]. The very sick child may not
have significantly increased REE as the catabolic pro-
cess inhibits growth [30]. Extremely low birthweight
neonates requiring ventilation have been found to
have significantly increased rates of energy expen-
diture [31]. Recommendations specifically relating
to neonates can be found elsewhere [7,32].
Whatever estimate of energy requirement is used
for an individual child, it is essential to monitor
closely to ensure appropriate growth is achieved
without adverse biochemical consequences.

Nitrogen

Crystaline L-amino acid solutions are used as the
nitrogen source for PN. The amino acid composi-
tion of the products for adult and older children is
based on high biological value protein. The prod-
ucts designed for use in infants, at the time of writ-
ing, are Vaminolact, which is based on breast milk
amino acid profile, and Primene, which is based on
the profile of cord blood. The ideal amino acid pro-
file for PN solutions for infants and children is still
unclear. A solution that contains insufficient quan-
tities of essential amino acids will inhibit protein
synthesis and may limit growth [33].

A solution that contains excessive amounts of
an amino acid may result in hyperaminoacidaemia
and metabolic complications, which can cause
coma and brain injury. Plasma aminograms should
be checked if insufficient or excess amino acids
are administered. Estimates of protein require-
ments are often based on 10-20% of the total
energy intake. Recent guidelines are based on
amounts required to maintain nitrogen balance and
growth [7]. Utilisation of nitrogen requires suffi-
cient energy intake and 30-40 kcal (125-165K])/g
protein or 250 kcal (1.05 MJ)/g nitrogen is recom-
mended [34].



Glutamine

A systematic review found there was no evidence
for the routine supplementation of glutamine in
preterm infants and there is no evidence for its
routine use in paediatric PN [35].

Carnitine

Carnitine is a nitrogen-based compound and plays
a part in the beta-oxidation of long chain fatty acids,
which it transports across the mitochondrial mem-
brane in the form of carnitine esters.

Carnitine is present in breast milk and formula
feeds but current PN formulations do not contain it.
Carnitine can usually be synthesised in the liver
from lysine and methionine and the ability to syn-
thesise it is age dependent [36]. Non-supplemented
parenterally fed infants have very low tissue carni-
tine levels [37]. Relative carnitine deficiency may
impair fatty acid oxidation. However, a recent re-
view has failed to find evidence to support the
routine supplementation of parenterally fed neon-
ates with carnitine [38] and further studies in this
group are required.

It is recommended that carnitine supplementa-
tion should be considered on an individual basis in
infants on exclusive PN for more than 4 weeks [7].

Fat/lipid

Intravenous lipids provide essential fatty acids
(EFA) and improve net nitrogen balance when
compared with glucose alone as a source of non-
protein energy [20].

Lipid preparations provide a concentrated
source of energy in an isotonic solution: 2 kcal
(8 k])/mL in a 20% lipid solution compared with
0.8 kecal (3 k]J)/mL in a 20% carbohydrate solution.
If the fluid intake is not restricted, the use of a lipid
emulsion via a peripheral vein will help to provide
sufficient energy for growth, avoiding the com-
plications associated with central venous access,
and it may prolong the life of peripheral lines in
infants [39].

Intravenous lipid particles in solution resemble
endogenously produced chylomicrons in terms of
size and are hydrolysed by lipoprotein lipase.

When the fluid volume is limited, maximum
energy intake can only be achieved via a central
venous catheter by using dextrose and fat mixtures.
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Lipid emulsions normally contribute 25-40% of
non-protein energy.

In the UK, a range of intravenous lipid emul-
sions are available that have undergone trials in
paediatric patients. They contain soybean oil
(e.g. Intralipid), coconut oil plus soy bean oil
(Lipofundin MCT/LCT) and olive oil plus soy bean
oil (ClinOleic). All solutions contain glycerol and
phospholipids and are available as 10%, 20% and
30% emulsions.

Higher concentrations are advantageous where
there is fluid restriction and they also deliver less
phospholipid per gram of triglyceride, leading to
more normal plasma phospholipid and cholesterol
levels [40]. It is recommended that 20% or higher
concentrations of lipid solutions are used because
of the higher phospholipids : triglyceride ratio
found in 10% emulsions [7].

Lipid emulsions currently used are either based
on long chain triglycerides (LCT) or long chain and
medium chain triglycerides (MCT) mixed together.
MCT has the advantage of carnitine-independent
uptake by the mitochondria, therefore they were
thought to have a more rapid clearance from the
plasma after infusion [41,42]. Both are considered
safe to use in paediatric patients.

There are concerns over the effect of the highly
polyunsaturated, unphysiological fatty acid supply
from soybean oil. Soya oil/ olive oil-based solutions
may produce more physiological levels of linoleic
and oleic acid and better antioxidant status [43].
However, there is currently not enough evidence to
recommend one particular solution above another.

Structured lipids are new lipid emulsions manu-
factured from synthetically produced triglycerides.
At the time of writing no trials have been com-
pleted in the paediatric population.

Serum lipid levels are monitored to ensure
adequate clearance and hence utilisation. Clearance
of lipids from the plasma is limited by the rate
of activity of lipoprotein lipase. The amount of
fat infused should be adapted to the lipid oxida-
tion capacity, approximately 3-4 g/kg/day [3,7].
Hyperlipidaemia will result if the enzyme is satu-
rated by excessive doses of fat or by rapid infusion
[44]. Gradually increasing the volume of the lipid
emulsion by 1 g/kg/day over 3—4 days and main-
taining a steady rate of infusion helps prevent
possible hypertriglyceridaemia. Tolerance of lipid
emulsions has been found to be improved if given
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continuously in preterm infants [45], although it is
usual practice to give 4 hours off the infusion per
24 hours to allow all administered fat to clear the
circulation before the next infusion begins. Serum
lipids should be monitored as the volume of fat
increases and should always be taken 4 hours after
the infusion is completed. Peak levels of trigly-
ceride and free fatty acids normally occur towards
the end of the infusion, returning to fasting levels
2—4 hours later. Once they are stable, weekly moni-
toring is likely to be sufficient.

In malnourished children, it is good practice to
assess baseline serum lipids prior to starting PN as
children who have failed to thrive or lost weight
frequently have raised triglyceride levels that re-
turn to normal when sufficient energy is provided.
Restricting lipid, and therefore energy, would not
be beneficial in this case. A reduced lipid dose may
be indicated for children with a marked risk of
hyperlipadaemia (e.g. low birthweight infants,
sepsis, catabolism) [7]. Essential fatty acid deficiency
can be prevented with as little as 0.5-1.0 g/kg
lipid/day [46], although suboptimal energy intake
will be the limiting factor.

In some cases, medication may be given in fat
emulsions (e.g. the sedative propofol or the anti-
fungal amphotericin). Consideration should be made
of the fat content of this.

Carbohydrate

The major source of non-protein calories in PN is
D-glucose (dextrose). Carbohydrate normally pro-
vides 60-70% of the total non-protein energy intake.
Glucose is an essential fuel for infants and is the
most important substrate for brain cell metabolism;
a continuous supply is essential for normal neuro-
logical function. Excessive intravenous glucose
administration can lead to hyperglycaemia, hepatic
steatosis, excessive carbon dioxide production,
essential fatty acid deficiency (in the absence of
lipid) and impaired protein metabolism [20].
Insulin resistance may occur in some situations
(e.g. steroid use, very low birthweight, sepsis,
trauma and stress). Glucose infusion rates may
need to be reduced in order to prevent hypergly-
caemia. In critically ill adults it is accepted practice
to use insulin infusions to manage hyperglycaemia;
in children this has not been sufficiently researched
and should only be considered when reduction of
glucose infusion has failed [7].

Glucose should be administered gradually,
increasing over 3-4 days to maximum infusion
rates. Rates of glucose oxidation vary significantly
with age and clinical status. It is recommended
in term neonates and children up to 2 years that
glucose intake should not exceed 18 g/kg/day
[7,47]. Infusion rates exceeding glucose oxidative
capacity result in conversion of carbohydrate to
fatty acids and can consume up to 15% of the avail-
able energy from carbohydrate [48].

Cyclical PN refers to the intermittent administra-
tion of intravenous fluids with a regular break in
each 24-hour period. There may be advantages in
terms of changes in insulin—glucagon balance and
decreased lipogenesis, time off to allow for physical
activity and reduction in the risk of development of
liver disease [49]. If the infusion rate is increased it
should be less than 1.2 g carbohydrate/kg/hour in
order not to exceed the maximum glucose oxida-
tion rate [7]. A stepwise increase and decrease of
infusion at commencement and cessation of PN
may also be considered to prevent hypo- or hyper-
glycaemia [7].

Micronutrients and minerals

A summary of reasonable intakes of micronutrients
for paediatric PN can be found in Tables 4.4 and 4.5.
These are a guide and should be used in conjunc-
tion with the document from which they are taken
[7]. Requirements for intravenous vitamins in
infants and children remain unclear. The last major
publication on parenteral vitamin requirements in
children was in 1988 [50]. A Cochrane review [51]
in premature (<32 weeks’ gestation) infants found
an association between supply of vitamin A and
a reduction in death or oxygen requirement at
1 month of age and of oxygen requirement at
38 weeks post menstrual age. Current knowledge is
based on the historical use of available vitamin and
mineral solutions and the apparent lack of deficien-
cies or complications associated with this. Optimal
requirements in children have not been determined
and there has been little published research on this
topic in the last 20 years.

Following the guidelines currently in use
appears to maintain blood levels within acceptable
ranges for infants and children and is based on
expert opinion [3,7,50]. The amount of intravenous
vitamins given is usually recommended to be



Table 4.4 Ranges of reasonable intakes of vitamins.

Infants Children
Vitamin (per kg/day) (dose/day)
A (Ug) 150-300 150
D (ug) 0.8 (32 1U) 10 (400 1U)
E (mg) 2.8-3.5 7.0
K (ug) 10 200
C(mg) 15-25 80
Thiamine (mg) 0.35-0.5 1.2
Riboflavin (mg) 0.15-0.2 1.4
Pyridoxine(mg) 0.15-0.2 1.0
Niacin (mg) 4.0-6.8 17
B, (Ug) 0.3 1.0
Pantothenic acid (mg) 1.0-2.0 5.0
Biotin(ug) 5.0-8.0 20
Folic acid (ug) 56 140

Source: After Koletzko et al. [7]

NB No upper limits are given; care must be taken to avoid over
delivery of individual nutrients. Where nutrient mixtures are
used manufacturers’ guidelines should be followed.

higher than that given enterally. This is to allow

for losses of the vitamins by adsorption onto the
PN bag and giving set or biodegradation re-

Table 4.5 Recommended intakes of trace elements.

Parenteral Nutrition 53

sulting from light exposure, thus reducing the
available intake. Vitamin A is most affected by
these problems [52]. Addition of the vitamins to
the lipid bag and protecting lipids from direct
sunlight is the best method of preserving the
vitamin concentration. Artificial light has little
effect on the stability of the vitamins [7]. There
are few commercially available vitamin solutions
for preterm infants and neonates. Daily adminis-
tration is recommended with the exception of
vitamin K which may be given weekly [7]. Thiamine
requirements may be higher than previously re-
commended [53] and guidelines have therefore
been increased [7].

Current commercially available paediatric min-
eral solutions do not contain iron. Intravenous iron
supplementation is controversial because of the
risk of adverse side effects [54]. Parenterally admin-
istered iron bypasses the normal homoeostatic
mechanism of the intestine and excess iron may
lead to iron overload syndrome. Iron enhances the
risk of Gram-negative septicaemia [55] and also has
powerful oxidative properties; it may therefore
increase demand for antioxidants. Monitoring

Trace element  Dose

Comment

Present as a contaminant, therefore not usually added to PN

Requirements may increase with high gastrointestinal losses or thermal

injuries. Toxicity risk in cholestasis

In toxicity CNS deposition of manganese can occur without symptoms.

Monitor regularly

Chromium 0.2 pg/kg/day (max 5ug/kg/day)
Copper 20 pg/kg/day
lodine 1 pg/day
Manganese 1 pg/kg/day (max 50 pg/day)
Molybdenum LBW: 1 pg/kg/day
Infant and child: 0.25 pg/kg/day
(max 5 pg/day)
Selenium Preterm/LBW: 2-3 ng/kg/day

Infant and child: 1-3 ng/kg/day

Zinc Preterm: 450-500 pg/kg/day
Infant <3 m: 250 pg/kg/day
Infant >3 m: 100 pg/kg/day
Child: 5 pg/kg/day (max 5 mg/day)

Iron Preterm: Up to 200 pg/kg/day
Infant and child: 50-100 pg/kg/day

Optimal dose remains unclear

Preterm infants, and children with thermal injuries may have increased
requirements

Not necessary in short term PN (<3 weeks’ duration)
Monitor carefully to avoid toxicity (see text)

Source: After Koletzko et al. [7]

NB No upper limits are given; care must be taken to avoid over delivery of individual nutrients. Where nutrient mixtures are used

manufacturers’ guidelines should be followed.

CNS, central nervous system; LBW, low birthweight; PN, parenteral nutrition.
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Table 4.6 Suggested intakes of parenteral calcium,
phosphorus and magnesium.

Ca P Mg
Age mg (mmol)/kg mg (mmol)/kg mg (mmol)/kg
0-6 months 32 (0.8) 14 (0.5) 5.0(0.2)
7-12 months 20 (0.5) 15(0.5) 4.2(0.2)
1-13 years 11(0.2) 6(0.2) 2.4(0.1)
14-18 years 7(0.2) 6(0.2) 2.4(0.1)

Source: After Koletzko et al. [7]

NB Where upper limits are not given care must be taken to
avoid over delivery of individual nutrients. Where nutrient
mixtures are used manufacturers’ guidelines should be
followed.

of serum ferritin and reduction or removal of
iron supplementation, if levels become too high, is
recommended [7]. Iron preparations may be added
to the intravenous solution with care because of
poor solubility and risk of anaphylaxis; additional
iron is usually given by week three of receiving
PN [7]. Top-up blood transfusions may be given
when required, if oral or intravenous supplementa-
tion fails.

Calcium, phosphorus and magnesium are usually
added as individual solutions and the suggested
intakes are listed in Table 4.6.

Cholestatic patients with obstructive jaundice
can accumulate copper and manganese (normally
excreted in bile). Renal patients may not be
able to excrete selenium, molybdenum, zinc and
chromium [50,56]. High fluid losses result in
greater losses of magnesium and zinc. Individual
preparations of some trace elements are available
where there is a particular need to exclude or
increase doses of single trace elements. Iron
deficiency may lead to increased blood manganese
levels [57]. In the absence of iron, manganese binds
to transferrin [58] and iron deficiency up-regulates
both iron and manganese absorption from the
intestine [57].

Administration of parenteral nutrition
A more detailed account of the techniques of PN

administration is available in other publications
[4,7]. PN may be infused via a peripheral vein, or

via a central venous catheter. Each route has advant-
ages and disadvantages [59].

Peripheral lines

A needle or short catheter is placed into a sub-
cutaneous vein to gain peripheral access. Peripheral
lines are rarely associated with septicaemia and are
useful in short term PN (7-10 days’ duration)
where the fluid allowance is not restricted and con-
centration of PN solutions is <600 mOsm/L, and
where venous access is good. They are often used in
neonates. One major disadvantage is the risk of
thrombophlebitis caused by the hypertonic solu-
tions used. A maximum concentration of glucose
used with these lines is 12%. Infiltration is also a
common problem: the peripheral line may pene-
trate the surrounding tissues resulting in leaking of
the infusion. This leakage is known as extravasa-
tion and if undetected can cause tissue necrosis and
severe scarring. Drip sites must be inspected fre-
quently to avoid this. Drips that fail must be resited
quickly to avoid the risks of rebound hypogly-
caemia and suboptimal nutritional intake.

Central venous catheters

A central venous catheter (CVC) (e.g. Broviac or
Hickman catheter) is a catheter that is tunnelled
beneath the skin and inserted into the superior or
inferior vena cava or outside the right atrium via a
subclavian vein.

Central venous catheters can be inserted either
surgically or percutaneously. They are made of sili-
cone which helps decrease sepsis rates and inhibits
fibrin production and is therefore less likely to
block. They have a Dacron cuff planted subcutan-
eously which serves to fix the line in place and
also inhibits the migration of microorganisms from
the skin.

A CVC can remain in situ for months. The major
disadvantages of CVCs are the risks associated
with insertion and catheter care. Complications
include sepsis, occlusion, infection of the line site
and accidental removal. Loss of venous access can
be a life-limiting factor in PN-dependant children
(e.g. those with intestinal failure). It is therefore
imperative that these lines are cared for. The more



frequently a line is accessed the greater the risk of
infection. Only PN or fluid (not drugs) should be
given via a single lumen catheter [4,59].

For blood samples, blood products or medica-
tion separate venous access should be organised.
Multiple lumen catheters are usually inserted when
frequent intravenous drug therapy is required as
well as PN and where the child is critically unwell
(e.g. bone marrow transplants or intensive care).
The rate of infection of these catheters is higher
compared with single lumen catheters [60] and this
is probably a reflection of more frequent catheter
manipulation.

Portacath

Portacath is a totally implantable device, which
requires needle sticking for vascular access. It has
limited value for PN but is useful for vascular
access for frequent medications (e.g. prophylactic
antibiotics in cystic fibrosis).

Delivery methods

Parenteral nutrition can be delivered by a variety
of systems. Infants and children usually have a sys-
tem in which amino acids and dextrose are mixed
and delivered over 24 hours. The fat emulsion is
delivered from a separate container but mixed with
the amino acid and dextrose solution as close as
possible to the peripheral or central line. All the
components are compounded in a specialist phar-
macy unit under aseptic conditions in an isolator.
Computer based programs are available for use by
specialist pharmacists to ensure that the nutrient
content of the bag is appropriate for the child’s age,
condition and biochemistry. They also help to
ensure that nutrient stability is assessed and
drug—nutrient interactions avoided [61].

Table 4.7 Amino acid solutions.
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‘All-in-one’ mixes (containing amino acids, dex-
trose and lipids) are available. They are used more
commonly in adults but products are now available
that can be used in children who are relatively
stable, e.g. OliClinomel. These products do not
contain vitamins and if used long term will require
the addition of vitamins. The stability of ‘all-in-one’
PN relies upon the stability of the nutrient solutions
and the formulations cannot be varied greatly.
They are not suitable for unstable patients or
patients with unusually low or high requirements.
As the mixing of the lipid and aqueous solutions
shortens the ‘shelf life” of PN, some solutions come
in separate chambers which can be rolled together
and mixed just before use, e.g. NuTRIflex. The com-
position of these bags must be scrutinised prior to
consideration for use in paediatric patients.

PN is supplied from the manufacturing phar-
macy in a pre-mixed collapsible bag with an
opaque cover to protect nutrients in the solution
from photodegradation. When low rates of infu-
sion are prescribed and the solution remains in the
burette for long periods, light protective sets may
also be used although these have limited effective-
ness and are most useful if solutions are exposed to
direct sunlight [7]. Some of the solutions available
for paediatric PN can be found in Tables 4.7-4.10.
Manufacturers’ guidelines advise on dosage and
administration.

Equipment

A steady flow rate should be maintained when
infusing PN. Hyperglycaemia and hyperlipid-
aemia will result if infusions are delivered too
quickly. If the line blocks or the infusion stops sud-
denly, hypoglycaemia may occur [4]. Volumetric
pumps are sufficiently accurate for use in children;
these deliver measured volumes via a cassette with
a syringe mechanism ensuring accuracy. Syringe

Name Manufacturer Nitrogen (g/L) Cysteine (g/L) Tyrosine (g/L) Taurine (g/L) Comment
Primene (10%) Baxter 15 1.89 0.45 0.6

Vamin 9 Glucose Fresenius Kabi 9.5 1.4 0.5 0 Glucose 100 g/L
Vaminolact Fresenius Kabi 9.3 1.0 0.5 0.3
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Table 4.8 Lipid emulsions (20%).*

Name Manufacturer Composition TG (g/L) Soya oil (g/L) Olive oil (g/L) % MCT
Intralipid (20%) Fresenius Kabi Soya 200 200 0 0
ClinOleic (20%) Baxter 80% Olive 200 40 160 0
20% Soya
Lipofundin MCT/LCT (20%) B Braun 50% Soya 200 100 0 50
50% Coconut
LCT, long chain triglycerides; MCT, medium chain triglycerides; TG, triglycerides.
*10% Solutions are available but are not recommended due to the high phospholipid:TG ratio [7].
Table 4.9 Trace element solutions. Table 4.10 Vitamin solutions.
Additrace Peditrace Solvito Vitlipid Infant
Trace (Fresenius Kabi) (Fresenius Kabi) (Fresenius Kabi) (Fresenius Kabi)
element (umol/10 mL) (bg/1 mL) Vitamin per vial per vial
Iron 20 0 A 0 2300 IU
Zinc 100 250 D 0 400 U
Copper 20 20 E 0 7.0 1U
Manganese 5 1 K 0 200 pug
Chromium 0.2 0 B, 2.5 mg 0
Selenium 0.4 2 B, 3.6 mg 0
lodine 1 1 B, 4.0 mg 0
Fluoride 50 57 By, 5.0 ug 0
Molybdenum 0.2 0 C 100 mg 0
Niacin 40 mg 0
Pantothenic acid 15 mg 0
Biotin 60 ug 0
Folic acid 0.4 mg 0

pumps are used instead of volumetric pumps when
small volumes are required. These have a linear
drive mechanism and can be set to deliver as little
as 0.5 mL/hour. Filters are needed to remove any
bacterial or fungal contamination and prevent air
embolism and entry of particulate matter. It is con-
sidered good practice to filter all amino acid and
dextrose solutions using a filter with a pore size of
0.22 um, and 1.2 um for “all-in-one’ bags and lipids.

Weaning off parenteral nutrition

Ideally, some degree of enteral nutrition will be
maintained during the period on PN via the most
appropriate route and type of feed. The concentra-
tion and rate of delivery of enteral feed will be
gradually increased in line with tolerance and
growth parameters. If fluid restriction is not a
major issue, once enteral feeds or diet provide at
least 25% of the total requirements a corresponding

reduction can be made to the PN solution. Once
50% of requirements are met enterally the PN can
be decreased to 50%, with a further decrease to 25%
once the enteral route meets 75% of requirements.
When more than 75% of requirements are achieved
by enteral nutrition the PN could be stopped in
most cases [62]. These reductions are dependent
upon satisfactory growth and development of the
child. If the PN is provided as separate lipid and
aqueous (carbohydrate and nitrogen) solutions it is
important to decrease each solution proportionally
in order to maintain an adequate energy : nitrogen
ratio.

If fluid restriction is a complicating factor the PN
will usually need to be decreased by each millilitre
that the enteral nutrition is increased (although a
greater fluid volume is usually tolerated via the
enteral route than the parenteral route). Care and



attention to actual intake must be employed in these
cases to ensure maximum nutrition is achieved, as
enteral feeds are often less concentrated than PN.
This is especially important in infancy or for mal-
nourished children.
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Nutrition in Critically 1l Children

Rosan Meyer & Katie Elwig

Introduction

Nutritional support in critically ill children (CIC)
is unique when compared with feeding the child on
a general paediatric ward. In addition to min-
imising the starvation effects associated with sub-
optimal alimentation, preventing overfeeding and
nutritional deficiencies, its goal is to sustain organ
function and prevent dysfunction of the cardio-
vascular, respiratory and immune systems until
the acute-phase inflammatory response resolves
[1]. Both under- and overnutrition have the poten-
tial to compromise this goal and significantly
complicate and increase the stay in an intensive
care unit [2,3]. Overfeeding can lead to increased
carbon dioxide production, resulting in difficulties
with weaning from mechanical ventilator support,
as well as diarrhoea associated with electrolyte
imbalances and other well-documented metabolic
and physiological complications [4]. Underfeeding,
however, is a more common occurrence in CIC,
with 16-20% developing significant, acute protein
energy malnutrition (PEM) within 48 hours of
admission to a paediatric intensive care unit
(PICU) [2]. This leads to impaired muscle strength
[5], reduced wound healing as a result of altered
immunity and increased rates of sepsis [6]. Ensur-
ing optimal nutrition in these patients is therefore
crucial [7].

Assessment of nutritional status

Anthropometrics, biochemical markers, clinical
and dietary review form part of the nutritional
assessment in CIC [8]. However, this process is
notoriously difficult because of a multitude of
factors including oedema, ascites and severity of
disease, which often renders patients too unstable
to be weighed. In addition, the emotional impact of
having a child on the PICU frequently makes the
diet history unreliable. It is quite common practice
in PICUs in the UK to estimate the weight (in kilo-
grams) of a critically ill child in the absence of an
accurate weight, using the Advanced Paediatric
Life Support formula: (age +4) x 2 [9]. This method
has been shown to correlate reasonably well with
actual weight, but has significant outliers, especi-
ally in underfed and overweight children as well as
teenagers [10]. An accurate (admission) weight is
therefore always superior to an estimated weight as
it is not only used in the assessment of nutritional
status and calculating energy requirements, but
also used for estimating fluid requirements and
medication dosages. Transfer and hospital notes,
as well as the individual’s personal child health
record (the ‘red/blue book’), may have a recent
accurate weight (often height and head circumfer-
ence as well) which can be used. It is important
that available accurate weight, height and head



circumference is plotted on an appropriate growth
chart [11].

The use of both triceps skin fold thickness (TSF)
as well as mid-arm circumference (MAC) have
been documented in this population. Their use is
limited by oedema and by the relative short aver-
age length of stay (4-5 days) on a PICU. They are
most helpful when followed over time and meas-
ured by the same trained person [8,11]. Hulst [8]
studied the feasibility of routinely performing
nutritional assessments using non-invasive meth-
ods in CIC. It was found that anthropometrics were
reliably obtained within 24 hours of admission in
56-91% of patients. Unfortunately, the more ser-
iously ill patients were those where measurements
were less feasible but who might have benefited the
most. Both TSF and MAC are therefore more useful
in patients who are on PICU for longer periods of
time and with no oedema.

Most laboratory markers of nutritional status are
affected by the acute inflammatory response, renal
impairment and fluid shifts. The prevalence of
hypomagnesaemia, hypertriglyceridaemia, uraemia
and hypoalbuminaemia were 20%, 25%, 30% and
52%, respectively, in a study on CIC performed by
Hulst ef al. [12]. Except for uraemia, no significant
associations between the biochemical parameters
and anthropometric measurements were found.
Serum urea levels can indicate the degree of
catabolic stress and levels of protein breakdown
associated with illness, surgery and trauma, but are
often not reliable because of impaired renal func-
tion, dehydration, polyuria and severe sweating on
admission. Children with sepsis or cardiac anomal-
ies in this study showed the highest prevalence
of uraemia, which can be explained by the degree
of catabolism and impairment of renal function.
Although pre-albumin, retinol binding protein,
transferrin and nitrogen balance studies have also
been used in research on nutritional status in CIC,
their accuracy and the value of routine use have
been questioned by several authors [12]. It is there-
fore important to select biomarkers for the assess-
ment of nutritional status in the critically ill patient
with care and interpret them accordingly.

Diet history taking often gets neglected on PICU
[11]. Although manipulation of oral intake is not
possible and also not practical on the intensive
care unit, many acute and chronic nutrition-related
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problems can be identified on admission and can
assist the dietitian in the planning of dietary input
during their admission period. Long term prob-
lems (e.g. obesity, constipation) can be addressed
once the patient is extubated and transferred to a
ward or local hospital.

Energy expenditure and substrate
utilisation

Traditionally, nutritional support has been with-
held in children on PICU until metabolic and
cardiopulmonary stability has been established.
However, many units have changed their protocols
and guidelines to include nutritional support at
an earlier stage. Knowledge of metabolic changes
and fuel utilisation during physiological stress can
assist dietitians in commencing nutritional support
at the appropriate time, using a suitable feed and
starting at the correct rate.

Critical illness is characterised by a cascade of
endocrine and metabolic reactions, affecting all major
organs (Fig. 5.1; Table 5.1) [13]. The reaction of the
body to physiological stress is not a static process
and changes over time. The acute phase response
can be divided into the ebb phase which is charac-
terised by the body’s attempt to maintain normal
perfusion and mobilisation of stress hormones, and
the flow phase which is the dynamic state of acute
injury and affects substrate metabolism (protein
catabolism is at its highest). The final phase, the
anabolic phase, is characterised by the slow re-
accumulation of protein and body fat after the
metabolic response to injury subsides [14-18].

Several studies have focused on the relation
between a critically ill child’s metabolic state, their
nutritional intake, substrate utilisation and nitro-
gen balance. In a similar way to critically ill adults,
the stress response and the severity of disease is
characterised by protein catabolism. In contrast to
adults, in children fat is the preferred fuel source
for oxidation and carbohydrates are poorly utilised
during critical illness. Maximal glucose oxidation
occurs at a glucose intake of 5 mg/kg/minute. If
intake exceeds 8 mg/kg/minute, lipogenesis takes
place leading to an increase in triglyceride levels, fat
deposition in the liver and an increase in fat instead
of lean body mass [16]. It is therefore important to
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Figure 5.1 The metabolic response to stress [13]. Adjusted from Krause et al. [13].

Table 5.1 The effect of critical illness on the major organs.

Gastrointestinal system

Cardiovascular system  Respiratory system Renal system

Gastroparesis (motility affected due to
medication, e.g. morphine, inotropic
agents and antibiotics, as well as the
disease process itself) [18]

Impaired digestive enzyme secretion [18]

Cholestasis

Tachycardia [16]
High cardiac output
Fluid shift from the
intracellular to

the extracellular
compartments [14]

Mild renal impairment to
acute renal failure requiring
haemofiltration [16]

Respiratory deterioration
leading to artificial
ventilation [17]

Impaired lipid metabolism due to affected

liver function [16]

Increased intestinal permeability

Poor gut perfusion [18]




Table 5.2 Factors that influence energy expenditure.
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Factor

Influence on energy expenditure

Sedation
Muscle relaxants
Ventilation (with humidified air)
Thermoneutral environment (environment
adjusted according to patient’s temperature)
Pyrexia

normal)
Severity of disease
Diagnosis and severity of disease
(using PRISM scoring)

4 Energy expenditure (reduced brain activity)

d Energy expenditure but not significantly

4 Energy expenditure (reduces the workload of breathing as well as heat loss)
d Insensible losses, therefore lowers energy expenditure

T Energy expenditure (8—12% increase in energy expenditure per 1°C above

Inconclusive evidence
No difference in energy expenditure in different diagnoses

PRISM, paediatric risk of mortality score.

ensure that carbohydrate intake in CIC is monitored,
especially if parenteral nutrition (PN) is used.

Some older studies have suggested a hypermet-
abolic state during the acute phase of illness [15];
new evidence points towards hypometabolism,
which can be explained by both the treatment as
well as the unique nature of fuel utilisation in CIC
[15-19]. Several factors (sedation, muscle relaxants,
ventilation, environment, severity of disease, tem-
perature) have been shown to impact on energy
expenditure. Table 5.2 summarises the influences
on requirements.

In addition to the factors listed in Table 5.2, many
authors have speculated that during the acute
phase, growth does not take place and this energy
is diverted into the recovery processes [19-21].
Although the verdict on energy expenditure is still
pending, it is clear that substrate metabolism needs
to be taken into account when calculating the energy
requirements and choosing feeds for these patients.

Nutritional requirements
Energy requirements

Several predictive equations have been used in
the paediatric critical setting to calculate energy
requirements. They include Harris-Benedict, the
World Health Organization, Talbot, Schofield and
PICU regression equations [20-24] (Table 5.3). A
number of studies confirmed the inaccuracy of
these equations for the ventilated CIC with most of
them grossly overestimating energy requirements,
except for the regression equation developed by

White & Shepherd [22] which significantly under-
estimates requirements [19,23]. They also require
the addition of stress and activity factors, which
have been based mainly on adult data and are
dependent on the subjective opinion of a dietitian
or clinician [24]. Most authors have found that the
actual energy expenditure is closer to the basal
metabolic rate (BMR) with an increase of 8-10% in
requirements for every 1°C above the norm in body
temperature [19,20,25].

The Schofield equation is used most commonly
in the UK, with some evidence of reasonable corre-
lation with ventilated CIC. In the absence of routine
indirect calorimetry, which is the gold standard for
measuring energy expenditure, the BMR calculated
by Schofield (using the formula that requires an
accurate weight) plus 10% for every 1°C above
37.3°C (Table 5.3) is a useful alternative while a
child is being ventilated on the intensive care unit,
and new research in this area is awaited [26].

Example: 1-year-old boy weighing 10 kg with a
temperature of 38.5°C

=(59.512x10)-30.4
=564.72+10%
=621 kcal

Protein requirements

Although there are no specific guidelines on pro-
tein requirements in ventilated CIC, research has
shown that patients with an adequate energy and
protein intake have a positive nitrogen balance,
unlike patients who are underfed. Nitrogen (N)
balance correlates with energy expenditure; feeding
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Table 5.3 Predictive equations for calculating basal
metabolic rate (BMR) in critically ill children.

Name of equation  Equation (kcal/24 hours)

Schofield Males
(if accurate <3 years: (59.512 x W) -30.4
weight is 3-10 years: (22.7 x W) + 504.3
available) 10-18 years: (17.5 x W) + 651
Females
<3 years: (58.317 xW) -31.1
3-10 years: (22.706 x W) + 485.9
10-18 years: (17.686 x W) + 692.6
Schofield Males
(if accurate <3 years: (0.167 X W) + (1517.4 x H)
weight and -616.6
height are 3-10 years: (19.59 x W) + (130.3 x H)
available) +414.9
10-18 years: (16.25 x W) +(137.2 x H)
+515.5
Females
<3 years: (16.252 x W) +(1023.3 x H)
-413.5
3-10 years: (16.969 x W) + (161.8 x H)
+371.2
10-18 years: (8.365 x W) + (465 x H)
+200.0
World Males
Health 0-3 years: (60.9 x W) - 54

Organization 3-10 years: (22.7 x W) — 495
10-18 years: (17.5 X W) + 651
Females

0-3 years: (61 x W) - 51

3-10 years: (22.5 x W) +485.9
10-18 years: (17.686 x W) + 658.2

EE (k)/day) = (17 X A) + (48 x W)
+(292xT)-9677

White et al.*

A, age (years); EE, energy expenditure; H, height (m);
T, temperature (°C); W, weight (kg).
* Equation published in kilojoules only.

to total measured energy expenditure correlates
with a positive N balance [27]. Agus & Jaksic [28]
suggest that the critically ill infant and child should
receive 2-3 g/kg and 1.5g/kg protein, respec-
tively, and in the severely stressed states may
require even more. In the absence of specific guide-
lines, CIC should receive a minimum of the
Recommended Nutrient Intake (RNI) for protein
and a sufficient amount of energy to prevent glu-
coneogenesis and to ensure that the body utilises
these effectively. Disease-specific protein recom-
mendations (e.g. renal failure, cystic fibrosis) also
provide useful guidelines for children on the PICU.

Vitamins and minerals

Vitamins and trace mineral metabolism in the crit-
ically ill and postoperative paediatric patientis nota
well-researched area. As a result, no specific recom-
mendations exist for the ventilated patient on the
PICU. The pharmacological use of vitamins and
trace minerals in paediatric illness is controversial
because of reports of toxicity [28]. When energy
and fluid requirements are met by commercial
enteral tube feeds, CIC should receive sufficient
vitamins and minerals to meet the RNI for both.
However, many patients require additional sup-
plementation, depending on diagnosis and treat-
ment modality (e.g. prematurity, haemofiltration).
This should be carried out under supervision and
monitored with blood biochemistry.

Early implementation of enteral nutrition

The concept of early feeding has mainly been
developed in adult surgical patients. In paediatric
patients most authors agree to the definition of
‘early enteral nutrition’ as the initiation of enteral
feed within 24-48 hours of PICU admission. Others
describe patients receiving immediate feeding, but
unfortunately this term does not come with a clear
definition [29,30].

Four main hypotheses could justify the use of
early feeding in CIC:

e Fasting has a deleterious effect on these
patients

e Energy supply has an important role in the
promotion of energy metabolism

e The delivery of nutrients is important for gut
maintenance

e Specific nutrients provide support for organ
and system functions [29]

Several studies have been published showing a
delay in commencement of nutritional support
ranging from 2 to 3 days from admission on a PICU
[31]. The prevalence of significant PEM within 48
hours of admission therefore comes as no surprise.
Early enteral nutrition (within 12 hours of admis-
sion) has been successfully used by numerous
PICUs, in a variety of diagnoses and in the absence
of any bowel sounds and has resulted in an
improved nitrogen balance [30,32].

The combination of decreased blood flow and



interactions with drugs can also lead to a reduction
of nutrient absorption and gastric motility, failure
of gastric acid secretion and increase in intestinal
permeability and bacterial translocation [18]. Early
enteral nutritional support may reverse these effects
by reducing catabolism, promoting wound healing
and most likely decreasing the frequency of clinical
sepsis.

Routes and methods of enteral
feeding on PICU

Despite the ongoing debate on enteral versus par-
enteral nutrition in the critically ill population,
research is now focusing on how nutrients can be
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delivered most effectively and safely, using the
most appropriate route. In general it is deemed safe
to initiate nutritional support when the patient is
haemodynamically stable and this will include
stabilisation of critical organ function, optimising
haemodynamics and perfusion, and ensuring life-
sustaining gas exchange [33].

Standard protocols for initiating and progressing
nutritional support have been shown to be useful in
both improving the time taken to initiate nutri-
tional support as well as the progression to full
feeds [34-36]. Enteral feeding protocols guide med-
ical and nursing staff through the choice of tube
feeds, the feeding rates dependent on the child’s
age and weight, as well as guidelines for the continu-
ous monitoring process (Fig. 5.2) [37].

ENTERAL FEEDING REGIMEN VIA NASOGASTRIC AND
GASTROSTOMY ROUTE (1-6 YEARS 10-20 KG)

ENTERAL FEEDING REGIMEN VIA NASOJEJUNAL AND
GASTROJEJUNAL ROUTE (1-6 YEARS 10-20 KG)

Start

Check position of nasogastric tube by aspirating
stomach contents to assess pH. If any doubt
about position of tube confirm by X-ray

|Commence 10-20 mls/hour feed 4 hoursl

| Aspirate stomach contents |

If <4 hours worth feed then
increase rate of feed by
20 mls every 4-6 hours

If >4 hours worth
of feed

Replace gastric aspirate
turn off feed for 1 hour

then aspirate 1 hour later Continue to increase
* volume of feed until

optimum feeding volume
obtained. Continue to
monitor gastric aspirates

If aspirates continue to
be >4 hours worth of
feed i.e. 40-80 mls

L 4 hourly
discard aspirates and start
feeding at 10 mls/hour
(repeat cycle) Aspirates

If aspirates are largely bile,
blood, undigested feed or
if patient vomits then
discontinue gastric feeds
and restart after 1 hour rest

If patient does not absorb
NG within 48 hours,
place NJ and follow

NJ protocol

—>| Place nasojejunal tube according to protocol |

Start enteral feeding

|Commence 10-20 mls/hour feeds for 4 hours |

| Aspirate stomach contents |

If milky aspirate:
NJ not in situ

If no milky aspirate
from stomach, increase
rate of feed by 20 mls
every 4 hours

{

Continue to increase
volume of feed until
optimum feeding
volume obtained.
Monitor:

1. 4° gastric aspirates
for enteral feed
remnant

2. Measure girth 12°

3. Bowel movements
(bowel should open
with/without
medication)

4. Provide patient with
Ranitidine

5. Provide all medication
via NG tube

<—| Stop enteral feeding

Figure 5.2 Example of a feeding protocol. From Department of Nutrition and Dietetics, St Mary’s Hospital [37]. NJ, nasojejunal;

NG, nasogastric.



66 Clinical Paediatric Dietetics

Nasogastric versus nasojejunal feeding

Nasogastric (NG) feeding is the most widely used
and is usually safe and well tolerated in CIC [1,34,38].
However, gastric delivery of enteral feed is fre-
quently poorly tolerated because of disordered gas-
tric motility which may lead to aspiration. The use
of gastric residual volume as marker of tolerance of
NG feeding has a poor evidence base and has often
been blamed for inadequate delivery of feed [39].
Therefore, interest has focused on postpyloric feed-
ing. Nasojejunal (N]) feeding has been shown by
several centres to be safe and effective in this subset
of patients, enabling adequate delivery of energy in
a shorter period of time. There is a reduction in the
incidence of hyperglycaemia and hypertriglycerid-
aemia, and maintenance of normal hepatic func-
tion, both associated with PN [40,41]. In addition, a
recent study in children has shown that postpyloric
feeding can safely be continued even during vent-
ilatory weaning and tracheal extubation. This
enables the child to be fed up to the time of extuba-
tion without losing any feeding time while waiting
for gastric emptying [42]. Many units avoid postpy-
loric feeding, as NJ tubes are notoriously difficult to

place and get dislodged very easily [43]. Several
blind (non-radiological guided) bedside techniques
have been developed in recent years using weighted
or unweighted polyurethane NG tubes with hydro-
philic guide wires. These methods have relied on a
combination of estimating the postpyloric length,
auscultation, aspiration and pH monitoring and blue
dye testing. The blue dye test entails the admini-
stration of blue dye via the placed NJ tube and
aspiration via the inserted NG tube. If no blue dye
is present in the gastric aspirate, then the NJ tube
placement was successful. This test has been shown
to be extremely accurate in confirming the correct
placement of NJ tubes and therefore preventing
unnecessary exposure to abdominal X-rays for
placement confirmation (Fig. 5.3) [44,45].

Continuous feeds versus bolus feeding

Both continuous as well as bolus feeding have been
used in the paediatric critical care setting. The pros
and cons of both the above are well studied in the
neonatal setting, but remain a subject of unit prefer-
ence in infants and children [46]. Although bolus
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Figure 5.3 The blind nasojejunal (NJ) procedure. Approximation of length of the NJ tube: nose (A) to ear (B) to umbilicus (C) for
gastric placement and to iliac crest (D) for jejunal length. NG, nasogastric. From Meyer et al. [45].



feeding is more physiological, difficulties with
monitoring the tolerance as well as the additional
nursing input has led to many units preferring
continuous feeding. On the other hand, continuous
feeding (less time consuming and easier to mon-
itor) may delay gastric emptying in the adult in-
tensive care setting [47] and reduce gallbladder
contraction [48]. In the absence of substantial clin-
ical evidence, consensus exists that the adequate
delivery of nutritional support should be the main
goal in feeding the CIC and should not be ham-
pered by the feeding route [35,49].

Immunonutrition

The use of immune enhancing enteral feeding
formulas is a well known phenomenon in adult
intensive care. In addition to the normal macro-
and micronutrients, these feeds may contain: a
mixture of omega-3 and omega-6-fatty acids, with
pro- and anti-inflammatory properties; additional
arginine and/or glutamine, which become essen-
tial amino acids during increased physiological
stress; increased levels of the antioxidants selenium
and beta-carotene [50].

Although these enteral feeding formulas have all
the ingredients to improve outcome, results in the
adult population have been conflicting. A meta-
analysis of 15 studies of immune enhancing diets in
critically ill patients after trauma, sepsis or major
surgery showed that enteral immunonutrition
decreased the incidence of infection, number of
ventilator days and length of hospital stay, but had
no effect on stay in the intensive care unit [50].
More recent, multicentred randomised studies have
shown conflicting results with higher mortality rates
in the immunonutrition group among patients with
severe sepsis or septic shock [51].

The only documentation of an immune enhan-
cing enteral feeding formula being used in the
paediatric critical care setting is by Briassoulis et al.
[52], who used an adult feed, because of the
unavailability of immune enhancing paediatric
formulas. Preliminary results showed that the
immune enhancing formula achieved a positive
nitrogen balance by day 5, which the normal for-
mula did not achieve, but was associated with an
exacerbated metabolic response in a stressed state
compared with the control group [52,53].
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This area of paediatric critical care nutrition is
still very new and the limited evidence does not yet
support routine use of immune enhancing feeds or
supplementation because of possible deleterious
effects. Until such data are available specifically for
the CIC, these ad hoc additions to feeds or future
immune enhancing feeds should be used with
caution [53].

Probiotics

A probiotic is a live microbial feed supplement
that beneficially affects the host by improving its
intestinal microbial balance [54]. Altering enteric
flora is a concept gaining popularity throughout
the world and the use of probiotic bacteria on the
PICU is developing too. Intestinal permeability is
increased during critical illness particularly after
burns, major trauma and sepsis. In addition, bact-
erial translocation has been demonstrated in patients
with bowel obstruction. The administration of
some probiotic strains has been associated with a
reduction in bacterial translocation and intestinal
inflammation [55].

In the critically ill, the main concern remains the
possibility of septicaemia related to the provision of
live bacteria to patients who are relatively immuno-
compromised. Several studies using probiotics in
the adult ICU setting show not only their beneficial
effects, but also their safe use [55,56]. Routine use
of probiotics on PICU is not common, but its safe
use has been shown in a recent study [57], which
excluded patients with human immunodeficiency
virus, bone marrow transplants and other patients
with neutropenia. No adverse effects (including
septicaemia) were related to its routine use over 2
years during the study [57]. Additional complicat-
ing factors with the routine use of probiotics on a
PICU are antibiotic use and the sensitivity of many
of the commercially available strains to these. In the
absence of disease-specific probiotic research in
CIC, the most practical way of choosing a suitable
probiotic is by matching the antibiotic to a resist-
ant probiotic with a pathogenic inhibition capacity
(Table 5.4) [58].

Probiotics may benefit children on the PICU.
Although their safe use has been shown in patients
who are not immunocompromised, more research
is needed before they are routinely used in CIC.
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Table 5.4 Probiotics and antibiotic resistance, sensitivity and pathogen inhibition.

Lactobacillus Lactobacillus Lactobacillus Lactobacillus
Bifido infantis acidophillus casei (e.g. plantarum rhamnosus (e.g.
(e.g. Biocare) (e.g. Biocare) Yakult, Actimel) (e.g. ProViva) Lactobacillus GG)
Antibiotic sensitivity
Amoxicillin S S S S S
Ampicillin S S S S S
Ceftazidime S | R R R
Chloramphenicol | | R R |
Ciprofloxacin R R R R R
Clindamycin | | | S S
Cloxacillin S S | R S
Dicloxacillin S S S R S
Erythromycin | S | | S
Gentamicin R R R R R
Imipenem R R R R R
Kanamycin R R R R R
Neomycin R R R R R
Nitrofurantoin R R R R R
Penicillin G S S S R S
Polymixin B R R R R R
Rifampicin S S S S S
Streptomycin R R R R R
Sulfamethoxazole R R R R R
Tetracycline R R S R |
Trimethoprim R R R R R
Vancomycin S S R R R
Pathogen inhibition
Clostridium difficile NA NA NA NA NA
Escherichia coli +H+ ++ -+ ++ ++
Listeria monocytogenes + + ++ ++ ++
Salmonella + + ++ ++ ++
Staphylococcus aureus + + ++ ++
I, inconclusive; NA, not available; R, resistant; S, sensitive.
Source: Gibson et al. [58].
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Preterm Infants

Caroline King

Definitions

A preterm infant is one born before 36 or 37 weeks’
completed gestation, depending on source of defi-
nition. An infant born <2500 g is termed low birth-
weight (LBW) regardless of gestation, <1500 g very
low birthweight (VLBW) and those <1000g
extremely low birthweight (ELBW). Categorisation
of infants born smaller than expected is more con-
tentious; however, they are often divided into small
for gestational age (SGA) and intrauterine growth
restricted (IUGR). Classification of SGA infants is
usually as <10th or <3rd percentile for weight at
birth (depending on source of definition) and prob-
ably constitute a heterogeneous group (i.e. those
destined to be born small because of genetic influ-
ences and those who are IUGR). The former group
tends to be proportionally small. Those who are
IUGR will have similarly low birthweight, but
may show head and/or length sparing depending
on the timing of intrauterine nutrient restriction.
These infants are at high risk of both perinatal and
later problems [1].

The prevalence of IUGR is reported to be up to
7% of all deliveries [2]; however, this is made up
by a disproportionately large number of preterm
infants [3].

This chapter deals predominantly with the nutri-
tional needs of preterm infants. Early nutritional
management may be vital to later outcome, but can

be hampered by an immature or dysfunctional gas-
trointestinal tract and poor tolerance of parenteral
nutrition. Small term infants in general are mature
with respect to oral motor function and can usually
grow well if allowed breast or standard formula ad
lib. Only where there are existent co-morbidities
may small term infants need specialised nutritional
input.

Nutritional requirements

Preterm infants have limited stores of many nutri-
ents as accretion occurs predominantly in the last
trimester [4]. They are poorly equipped to with-
stand inadequate nutrition; theoretically, endogen-
ous reserves in a 1000 g infant are only sufficient
for 4 days if unfed [5]. In addition, oral reflexes are
immature, thus it is generally accepted that most
infants <1000 g and many <1500 g will need some
parenteral nutrition while enteral feeds are gradu-
ally increased to ensure an adequate nutritional
intake.

The following is a brief discussion of the require-
ments for the major nutrients via the enteral route,
unless otherwise specified. The most recent com-
prehensive review and recommendations, at the
time of writing, are those of Tsang et al. [6] pub-
lished in 2005. The interested reader is strongly
advised to refer to this book for further information.
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Table 6.1 Recommended enteral nutrient intakes for growing
infants 1000-1500 g birthweight.

Nutrient Recommended amount per kg

Protein (g) 26-30 weeks PCA 3.8—4.2*
30-36 weeks PCA 3.4-3.6*
36-40 weeks PCA 2.8-3.2*

Fat (g) 5.3-7.2

DHA (mg) >18 (0.2-0.5% total fat)

AA (mg) >24 (0.3-0.7% total fat)

AA : DHA 1.2-2:1

LA (mg/100 kcal) 352-1425

ALA (mg/100 kcal) 77-228

LA : ALA 6-16

Carbohydrate (g) 3.4-4.2

Minerals

Sodium (mg) 69-115 (161"

Potassium (mg) 78-117

Chloride (mg) 107-249

Calcium (mg) 100-220

Phosphorus (mg) 60-140

Magnesium (mg) 7.9-15

Iron (mg) 2-4

Zinc (pg) 1000-3000

Copper (pg) 120-150

lodine (pg) 10-60

Manganese (ug) 0.7-7.5

Selenium (pg) 1.3-4.5

Vitamins

Vitamin A (pg) 210-450

Vitamin D (pg) 3.75-10 (min. 5, max. 25/day)

Vitamin E (mg) 6-12 (max 25 mg/day)

Vitamin K (ug) 8-10

Thiamin B, (ug) 180-240

Riboflavin B, (ug) 250-360

Niacin (mg) 3.6-4.8

Panthothenic acid (mg) 1.2-1.7

Pyridoxine B, (ug) 150-210

Folic acid (pg) 25-50

Vitamin By, (pg) 0.3

Biotin (ug) 3.6-6

Vitamin C (mg) 18-24

Choline (mg) 14.4-28

Taurine (mg) 4.5-9

Inositol (mg) 32-81

Carnitine (mg) ~2.9

Nucleotides see text

Beta-carotene

not specified

Source: Tsang et al. [6].

AA, arachidonic acid; ALA, a linolenic acid;
DHA, docosahexaenoic acid; LA, linoleic acid;

PCA, post-conceptional age.

* More may be needed for catch-up growth.
* May be needed if late hyponatraemia.

A summary of their recommendations is presented
in Table 6.1. In this publication, precise require-
ments for infants born between 1.5 and 2.5 kg are
not given. This has led to varying interpretations of
the weight cut-offs for feeding preterm formula or
fortifying breast milk. Higher nutrient density
feeds are not routinely recommended for term SGA
infants so gestational age as well as birthweight
should be taken into account when deciding on
local feeding policy. In practice, most infants born
below 2 kg will benefit from the higher nutrient
intakes recommended for infants born below 1.5 kg.

A further source of information is a review of
recommendations for preterm infant formulas by
Klein [7] which is available on the Internet.

Fluid

During the initial phase of adaptation to extrauter-
ine life, fluid management is complicated as there is
a delicate balance between matching high transcu-
taneous losses and avoiding fluid overload result-
ing from renal immaturity (although the latter
should be minimised by appropriate nursing tech-
niques). An extracellular fluid contraction is desir-
able over the first few days but this should not be
excessive (i.e. more than around 7% birthweight).
Early fluid management can lead to restricted vol-
umes for feeding, particularly in the very sick pre-
term infant, but nutritional intakes should always
be optimised within the fluid allowed and restric-
tions lifted as soon as clinical condition allows. In
many neonatal units, current nutritional manage-
ment leads to a large nutrient deficit when com-
pared with recommended intakes [8], although it is
not yet clearly established how this affects outcome.

Energy

The components contributing to energy require-
ments are summarised in Table 6.2 and demon-
strate the wide range of intakes that may be
necessary for maintenance and growth. In gen-
eral, the upper extremes should be avoided. As
measurement of individual energy expenditure
remains a research tool, energy intake should be
adjusted according to indirect measures (i.e.
growth and serum biochemistry). Recommended



Table 6.2 Energy requirements.

kcal/kg/day (multiply by 4.18 for kj)

Acute  Intermediate

phase phase Convalescence
Resting energy 45 50-60 50-70
expenditure (REE)*
Cold stress 0-10 0-10 5-10
Activity/handlingt ~ 0-10  5-15 5-15
Stool losses* 0-10 10-15 10-15
Specific 0 0-5 10
dynamic action$
Growth 0 20-30 20-30
Totall 50-80 85-135 105-150

*The lower level applies to babies with normal REE, upper
limit to those with diseases associated with increased REE
(e.g. cardiac abnormalities/chronic lung disease).

* Zero if paralysed/heavily sedated.

¥ Zero if on total parenteral nutrition.

$10% of calories infused if on total parenteral nutrition.

1 Upper limit probably not physiological and should not be
necessary.

energy intakes vary according to the baby’s birth-
weight and postnatal age [6]. Table 6.3 shows re-
quirements for babies <1.5 kg birthweight. Intakes
above the individual baby’s requirements will lead
to higher weight gain, but this will usually be a
result of fat deposition in excess of uterine accretion
rate [9] and will lead to a higher metabolic rate [10].
There are no advantages in giving an energy intake
higher than requirements for lean body mass or
skeletal growth, particularly when protein intake is
already >4 g/kg/day. Energy requirements may
be decreased in very sick babies whose growth is
slowed because of the stress response as the energy
cost of growth is normally a substantial part of total
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requirements [10,11]. Higher energy requirements
may be necessary in some circumstances such as
increased respiratory rate (as seen in chronic lung
disease) [11], low body temperature [12] and ex-
cessive methylxanthine levels [13]. Some IUGR
babies may have increased needs but this will vary
between individuals and can only be established
by monitoring progress and adjusting prescribed
nutrient intakes accordingly. As discussed later,
the concerns over the long term effects of excessive
early growth need to be taken into consideration.

Protein

Recommended protein intakes vary in the same
way as energy [6] (Tables 6.1 and 6.3). Between 27
and 35 weeks’ gestation daily accretion of protein is
around 2 g/kg. This can be achieved postnatally as
long as the above protein intakes are accompanied
by sufficient energy. Protein gain increases in a lin-
ear fashion up to an intake of around 4 g/kg/day
after which it will reach a limit. The capacity for
protein gain above the intrauterine rate may be use-
ful when catch-up growth is occurring. In other
circumstances, feeding over 4-5 g/kg/day should
be approached with caution in case of additional
metabolic stress on the vulnerable immature infant
[14,15].

Hepatic immaturity leads to the need for exogen-
ous supplies of cysteine, glycine and taurine norm-
ally considered non-essential in older babies.

Currently, there is much discussion concerning
the potential benefits of providing more than the
recommended equivalent of 2 g protein/kg within
the first 24 hours following delivery. Studies evalu-
ating this strategy have not yet found any benefits
[16].

Table 6.3 Guidelines for energy and protein intakes for infants born <1500 g.

Parenteral Enteral

Day 1 Transition Growing Day 1 Transition Growing
Energy (kcal/kg)* 40-50 60-85 90-115 50-60 75-100 110-150
Protein (g/kg) 2.0 3.5 3.2-4.0 2.0 3.5 3.4-44

Source: Tsang et al. [6].
NB the smaller the infant the higher the amount recommended.
* Multiply by 4.18 for kJ.
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Fat

Fat absorption can vary between individuals but
the more immature the infant the higher the risk for
malabsorption because of low bile salt pools [17]
and reduced pancreatic lipase levels [18]. Despite
this, the fat component of both enteral and par-
enteral nutrition is crucial to attain the high energy
requirements of preterm infants. Non-heat-treated
breast milk has the advantage of an endogenous
lipase (bile salt stimulated lipase) which ensures
optimum fat absorption [19].

For many years, studies have investigated the
theory that enteral medium chain triglycerides
(MCT) would lead to improved fat absorption.
However, a recent systematic review found no con-
sistent advantage [20]. Despite this, some preterm
formulas in North America have a high proportion
of MCT but this is not the case in the UK.

It has been recommended that the long chain
polyunsaturated (LCP) derivatives of linoleic and
o linolenic acids, namely arachidonic (AA) and
docosahexaenoic (DHA) acids are provided in the
diet of preterm infants [6]. However, controversy
remains concerning their role with a systematic
review concluding that there were few significant
benefits except some improved visual indices at
4 months, but not later in infancy [21].

Preterm infants, particularly those born VLBW
and ELBW, will develop essential fatty acid defici-
ency very rapidly without an exogenous supply.
This can be obtained from as little as 0.5 g/kg/day
of one of the current parenteral lipid emulsions [22].

Carbohydrate

Many preterm formulas contain a mixture of lact-
ose and glucose polymer to overcome the low lact-
ase levels observed in preterm infants. Some work
has been carried out looking at the addition of lact-
ase to feeds but a systematic review concluded that
there is no evidence of benefit and that more stud-
ies are needed [23]. Other data indicate that feed-
ing a lactose containing milk will aid precocious
development of lactase activity and hence feed
tolerance [24]. In this study, human milk was more
effective than formula milk. Poor tolerance of intra-
venous glucose infusion is common in sick preterm
infants.

Folic acid

Requirements for folic acid have long been estab-
lished [25] and preterm formulas are all fortified
appropriately [6]. Many units still use a folic acid
supplement and, although not seen as toxic, the
appearance of unmetabolised folic acid in the
serum may be undesirable, particularly in infants
given a large weekly dose [26].

Fat-soluble vitamins

A note of caution is warranted when interpreting
studies on enteral fat-soluble vitamin supplementa-
tion. Because of relatively poor enteral fat digestion
and absorption (as discussed above), very high
doses are often needed to normalise status [27].
Digestive capacity appears to develop rapidly in
term infants [28] and dietary fat supplementation
can enhance gastric lipase in preterm infants [29].

Vitamin A

Many preterm infants are born with poor vitamin
A stores [30] and there is some evidence that
high dose enteral supplementation (1500 pg/5000
IU/day) is needed to normalise serum levels [31].
There are data showing a small but significant
reduction in rates of chronic lung disease (CLD)
with early large doses of vitamin A [32]. However,
there has been a low uptake of this strategy as it
involves intramuscular injections and these could
be considered unethical in small infants if the bene-
fit derived is seen as relatively small [33,34]. In
addition, CLD rates appear to be falling independ-
ent of changes in vitamin A intakes, probably
because of a widespread use of prenatal steroids,
postnatal surfactant administration and less aggres-
sive ventilation techniques.

Vitamin D

Very high enteral intakes were thought necessary
to avoid development of bone disease of prema-
turity, but experimental trials of high vs. lower
doses did not improve outcome [35]. A recent
study demonstrated that even a population from



northerly latitudes, likely to have a lower range of
vitamin D status at birth, did well on 10 ug/day
[36]. A daily enteral intake of 5 ug (200 IU) to a
maximum of 25 ug (1000 IU) total per day is recom-
mended by Tsang et al. [6]. The upper limit is not
encouraged, but is included as the upper tolerable
amount recommended for term infants. The levels
of vitamin D in Table 6.1 refer to those in the sum-
mary tables of Tsang ef al. [6].

Vitamin E

There has been debate concerning the need for rou-
tine supplementation of preterm infants as some
maintain an adequate status on unfortified breast
milk. Interest in prevention of diseases thought to
be associated with insufficient antioxidant defences
led to trials of pharmacological doses. Nevertheless,
a recent systematic review concluded that this
strategy was not to be recommended [37].

Between 6 and 12 mg (612 IU) vitamin E/kg is
recommended, with a minimum of 1mg/g of
linoleic acid and 0.7 mg/100 kcal (418 k]J) [6].

Calcium, phosphorus and magnesium

The fetus acquires 80% of the normal term body
levels of calcium during the last trimester [38] and
preterm infants have very high requirements for
calcium and other minerals needed for bone forma-
tion. It has been suggested it is desirable to supply
these minerals at the same levels as those that cross
the placenta, although intrauterine retention rates
may be achieved with lower intakes [39]. Contrary
to earlier assumptions, inadequate mineral supply
may be more important with respect to bone health
in preterm infants than vitamin D [40]. Low plasma
phosphate levels in particular seem to indicate
higher risk of bone disease in this group and the
aim should be to keep levels >1.8 mmol/L where
possible [41]. Excessive calcium supplementation
should be avoided because of the risk of interaction
with fatty acids leading to calcium soap formation
in the gut, particularly in formula fed babies.
Calcium soaps are a risk for both intestinal bolus
obstruction and reduced fat absorption [42,43].
Although a specific calcium : phosphorus ratio is
not recommended [6], the authors discuss factors
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influencing the optimal ratio. In human milk it is
1.6 molar (2 by weight) and most preterm formulas
are close to this. However, when supplements
are added, their solubility will affect the relative
amounts given. It is worth remembering that while
there are several restraints on calcium absorption,
phosphorus economy is controlled largely at the
renal level and, because of the high soft tissue
requirements for phosphorus, it may be needed in
large amounts [44]. An important adjunct to appro-
priate nutrition for bone health may prove to be
controlled physical activity [45] but this needs
further careful evaluation.

Iron

Iron stores are low in preterm infants and without
supplementation they will become depleted by
8 weeks [46]. Current recommendations are that
supplements should start from 2 weeks as either a
supplemented formula or medicinal iron at a level
of 2-4 mg/kg/day [6]. Although the early anaemia
of prematurity is not affected by iron supplementa-
tion, there is some evidence that infants supple-
mented by 2 weeks have better iron status at
discharge [47]. For infants receiving human recom-
binant erythropoietin (EPO) a level of 6 mg/kg is
recommended because of higher red blood cell pro-
duction [6]. Despite high ferritin levels after blood
transfusions this stored iron may not be readily
available for haemopoiesis, therefore (although not
stipulated by Tsang et al.) it is recommended by
others that enteral iron supplementation continues
regardless of transfusion status [48]. In well, mod-
erately preterm infants a standard formula with
an iron content of 0.5 mg/100 mL seems to meet
iron needs post-discharge [49]. However, more
may be needed for those who were smallest at
birth and those who were sickest, because of
lower iron stores and higher iron losses through
multiple blood tests. As a result of the interactions
of iron, copper and zinc during absorption, exces-
sive amounts of each individual nutrient should
be avoided.

Zinc

Zinc is an important component of many enzyme
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systems and is essential for subcellular metabolism.
Skeletal muscle stores are low in preterm compared
with term infants and skeletal muscle accounts for
40% of body zinc stores [50]. Guidelines for intakes
should ensure deficiency is avoided [6]. Renal
losses may be high because of repeated acute phase
protein responses [51] and diuretic therapy [52].

Selenium

Selenium is a component of the antioxidant enzyme
glutathione peroxidase and is important in thyroid
metabolism [53]. Selenium status is low at birth in
preterm infants [54] and in theory puts them at risk
of diseases thought to be related to oxidative dam-
age. However, a large trial found no differences in
markers of oxidative stress between supplemented
and unsupplemented groups [55]. A systematic
review concluded that supplementation was asso-
ciated with a small reduction in sepsis rates, but no
other benefit [56]. Nevertheless, it is important to
ensure that guidelines are followed to prevent
deficiency [6].

lodine

The only major role of iodine is in thyroid meta-
bolism, but as hypothyroidism is associated with
poor neurodevelopmental outcome it is essential
to ensure a good status. There is risk of defici-
ency with unsupplemented preterm formulas [57],
although the relative role of iodine supply com-
pared with other factors related to preterm birth are
not yet clear [58].

Conditionally essential nutrients
Beta-carotene

No recommendations for the addition of beta-
carotene to preterm formula exist although its
presence in human milk, its role as an antioxidant
and its provitamin-A activity have prompted
some infant formula manufacturers to add it. Beta-
carotene comprises only approximately 25% of the
total carotenoid activity of human milk and its

levels vary greatly depending on time and number
of lactations [59]. In adult studies, supplementation
has led to adverse effects [60]. Intake should not be
increased above that available from current formu-
las until evidence on outcome is available.

Nucleotides

Nucleotides are a constant component of mam-
malian milks and may be conditionally essential
for the gut and immune system during times of
stress [61]. Studies have been published describing
reduction of diarrhoea in term infants [62] and
improved growth in SGA infants [63]. Although
no recommendations were made by Tsang et al. [6],
there are figures in a summary table. This reflects
the fact that the European Union has recognised
nucleotides as semi-essential components of initial
formula. However, in the preterm population sup-
plemented formula requires further evaluation [64].

Glutamine

Glutamine is an important fuel for the small intes-
tine and immune system and possibly becomes rate
limiting during increased demand [65]. A large
series of controlled trials have now been conducted
to allow a conclusive systematic review which rec-
ommends that supplemental glutamine is of no
benefit to preterm infants [66].

Parenteral nutrition

With increased survival, preterm infants have
become major recipients of parenteral nutrition
(PN). Initiation of some PN within the first 48
hours and subsequent increase to full require-
ments has been shown to be well tolerated in stable
infants [67].

Because of high energy requirements, up to
12 mg/kg/minute glucose and 0.15 g/kg/hour
lipid infusions are optimal and are well tolerated
in stable infants [68,69] although the latter study
evaluated only appropriately grown infants who
were born over 27 weeks’ gestation.

Above a 12 mg/kg/minute glucose infusion



rate there is likely to be a plateauing of glucose
oxidation [68,70], indicating that no additional
adenosine triphosphate (ATP) is being produced
to support synthesis and growth. The unoxidised
glucose would be used for lipogenesis which is an
inefficient use of energy. However, raised blood
glucose and triglyceride levels are common in sick
preterm infants. Insulin is often given, but should
not be used to aid tolerance of >12 mg/kg/minute
glucose.

Reduction of lipid infusion in response to
lipaemia should be as brief as possible to minimise
suboptimal energy, fat-soluble vitamin and essen-
tial fatty acid intake. A systematic review of early
vs. late intravenous lipid found no difference in
clinical outcome [71].

There is a high risk of bone disease of prematu-
rity when solutions containing inadequate levels of
calcium and phosphate are given. For this reason,
interest is growing in organic mineral salts such as
glycerophosphate which allow larger amounts of
mineral to be delivered because of their high solub-
ility. Greene ef al. [72,73] give a good review of
parenteral mineral and vitamin requirements.

Parenteral solutions should be protected from
high light exposure and this should help to min-
imise photodegradation of susceptible nutrients
and production of toxic hydroperoxides. Despite
the theories that many of the diseases found in
preterm infants may be linked to oxidative stress,
there is much contradictory evidence and more
work is needed [74], but it still seems advisable to
reduce a large oxidative load. Mixing the intra-
venous vitamin preparations with the lipid helps
reduce degradation [75] and increase delivery of
some of the vitamins and may protect against lipid
oxidation [34].

Of the microminerals, zinc has not always been
given with short term PN for preterm infants. How-
ever, there is now greater awareness of the high risk
of zinc deficiency so it should always be included.
In addition, zinc can be lost in large quantities via
the renal route when given parenterally [6,76].

Enteral nutrition

The advantages of early and minimal enteral feeding
have been shown in many studies although a recent
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systematic review concluded that further work was
needed to completely exclude the possibility of
increased risk of necrotising enterocolitis (NEC)
[77] (see p. 83).

Human milk

Human milk has been evaluated for the feeding of
preterm infants in many studies, but in a systematic
review most were excluded because of method-
ological flaws in both design and execution, leaving
just one to review [78]. When NEC was examined
separately it was found that human milk did signi-
ficantly reduce risk [79]. A significant problem is the
difficulty in randomising infants to human milk,
and this is not possible with mother’s own milk.
The milk of choice undoubtedly remains mother’s
own freshly expressed breast milk (EBM) [80].
Advantages include improved feed tolerance [81],
reduced risk of NEC [82-84] and reduced risk of
sepsis [81,85]. The latter two studies showed a
dose-dependent reduction of risk. There may be
long term neurodevelopmental advantages in feed-
ing human milk [86,87]. Banked donor breast milk
retains some immunological advantages and pro-
tects against NEC [79], although heat labile vita-
mins, bile salt stimulated lipase and live cells are
reduced or destroyed in donor milk because it is
pasteurised and it is recommend for initiation of
feeds only in the absence of mother’s own milk.

Human milk may be nutritionally adequate in
many respects for infants >1500 g when fed in suffi-
cient volumes (i.e. up to 220 mL/kg in well infants),
although an iron supplement will be needed.
However, in infants <1500 g several nutrients may
be limiting, particularly protein, and some minerals
and vitamins. Serum phosphate levels should be
kept >1.5 mmol/L (preferably >1.8 mmol/L), but
below serum calcium levels. When phosphate is
<1.5 mmol/L, a supplement is required: 0.5 mmol
twice a day has been given with a successful out-
come [88]. Individual requirements can vary con-
siderably so the dose should be titrated according
to serum biochemistry.

Zinc Dbioavailability is greater from human
milk than cow’s milk based formula [89], but addi-
tional supplements are advised to ensure that high
demands are met [6].
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Breast milk during the first 2-3 weeks of lacta-
tion may have higher protein levels [90], although
this is not a consistent finding and wide variations
have been reported [91]. An indirect measure of
protein intake is serum urea level. This was found
to drop below 1.6 mmol/L in most cases when
human milk protein intake fell <3 g/kg/day [92].
Protein fortification can be considered once serum
urea reaches 2 mmol/L after a consistent fall. A
commercially produced human milk fortifier has
many advantages over supplementing with liquid
formula, as this will allow use of full volumes
of mother’s milk. Although not all fortifiers have
undergone sufficiently large trials, one North
American product supported growth and was well
tolerated [93]. A systematic review of available
studies concluded that fortifiers promote short
term growth, and that despite a lack of longer term
outcome data it was unlikely that further trials
would be carried out with an unfortified breast
milk group [94]. Choosing a fortifier that brings
human milk nutritional composition to within the
Tsang guidelines will negate the need for separate
additions of most minerals, vitamins and protein.
However, a separate iron supplement will still be
necessary. Fortification should occur as close to
feeding time as possible to minimise interference
with immunological factors [95]. Table 6.4 gives
the composition of breast milk fortifiers available
in the UK.

Routine supplementation of human milk with
energy alone is not advised as there is a risk of
reducing the protein : energy ratio to an unaccept-
ably low level, particularly after the first 2 weeks of
lactation. Occasionally, expressing technique may
need improving to ensure all the hind milk is re-
moved at each expression, thus avoiding a low fat
and therefore low energy milk. When a mother is
expressing milk of a lower fat content than average,
a result can be that her infant has poor weight gain
despite a serum urea level in the normal range. As
yet there is not a bedside method for evaluating
breast milk composition, although one group has
shown improved weight gain when the latter half
of each milk expression is fed preferentially [96].
There are no firm guidelines on how long fortifica-
tion should continue and criteria include until the
infant is feeding fully from the breast and thriving,
or around a weight of 2.0-2.5 kg.

Preterm formulas

For those infants <2000 g birthweight who do not
have access to human milk the feed of choice is a
preterm formula. In addition, those infants whose
mothers’ milk supply is inadequate should be sup-
plemented with preterm formula. However, it is
not advisable to mix and store human milk and
formula for prolonged periods. There has been
some work suggesting that hydrolysed protein for-
mulas lead to shorter gastrointestinal transit times
compared with whole protein [97] and might be
preferable. This has resulted in reduced time taken
to reach full feeds in one trial [98], although breast
milk led to the largest cumulative feeding volume
when compared with either milk formulas [99].

Preterm formulas are highly specialised feeds
designed to meet the increased nutritional needs of
preterm infants without exceeding volume toler-
ance. Although they all generally follow Tsang et al.’s
[6] guidelines they do still differ significantly in
some aspects. Table 6.5 gives the composition of
preterm formulas currently available in the UK.

Of note are the differing levels of iron, fat-soluble
vitamins and some of the ‘conditionally” essential
nutrients (e.g. arachidonic acid, docosohexaenoic
acid, nucleotides, inositol and beta-carotene). Some
formulas will need supplementing with iron in
order to comply fully with the most recent guide-
lines, and although all contain sufficient folic acid
many units appear to continue giving supplements.
There is a wide variation between neonatal units
as to the age and weight at which preterm formula
is stopped. A suggested range is between 2.0 and
2.5kg body weight, or discharge from hospital,
whichever is sooner. Using the upper weight limit
may shorten time to achieve catch-up growth and
allow infants to achieve the nutrient intake they
need without having to take very large feed volumes
[100]. It is important to remember that at any age or
weight each individual baby may need assessment
to decide on the optimum formula.

Aggressive nutrition
There has been much speculation that early

nutritional support followed by an ‘aggressive’
approach will give clinical benefits [101]. However,
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Table 6.4 Composition of human milk and breast milk fortifiers available in the UK.

Composition of Nutriprem breast milk SMA breast milk

recommended dose fortifier (Cow & Gate) fortifier (SMA)* Mature human milk?
Recommended dose 4.2 4 -
(g/100 mL breast milk)

Protein (g) 0.8* 1.0 1.3
Casein : whey 50:50 0:100 60 : 40
Energy (kcal) (k))S 15 (63) 14.6 (61) 69 (288)
Minerals (mg)

Calcium 64 90 34
Phosphorus 44 46 15
Magnesium 3 3
Sodium 10 18 15
Potassium 8 28 58
Chloride 7 17 42
Trace elements (ug)

Zinc 400 260 300
Copper 30 NP 40
Manganese 8 4.6 Tr
lodine 11 NP 7
Vitamins (pg)

Vitamin A 130 270 58
Vitamin C (mg) 12 40 4
Vitamin D 5 7.6 Tr
Vitamin E (mg) 2.6 3 0.34
Vitamin K 6.3 11 -
Biotin 2.5 1.5 0.7
Folic acid 50 30 5
Niacin (mg) 2.3 3.6 0.2
Vitamin B, 0.2 0.3 Tr
Pyridioxine B, 110 260 10
Riboflavin B, 170 260 30
Thiamin 130 220 20
Pantothenic Acid B, 750 900 250
Beta-carotene NP 15 (24)
Presentation 2.1 g sachet powder 2 g sachet powder

Figures for breast milk fortifiers only correct at time of publication; check manufacturers’ data.

NP, not present.
* Available on request to company.

* Food Standards Agency. McCance and Widdowson’s The Composition of Foods, 6th summary edn. Cambridge: Royal Society
of Chemistry, 2002. The composition of breast milk is variable and these figures should be used with caution when considering

the individual infant.
* Hydrolysed protein.
$ Energy source carbohydrate.

several studies investigating this approach have
not shown any clinical advantages, just faster
growth [16,102,103].

When looking at the data for long term outcome
there is evidence that early very poor growth is

detrimental to later development, but that breast
milk can ameliorate these effects [86,87,104], hence
reinforcing the recommendation that wherever
possible breast milk should be used. In addition,
recent data indicate that early rapid growth may
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Table 6.5 Composition of preterm formulas in the UK.

Nutrients Pre-Aptamil Nutriprem 1 SMA Gold Pre Nan Osterprem
per 100 mL (Milupa) (Cow & Gate) Prem (SMA) (Nestlé) (Farley’s)
Energy (kcal) (k)) 80 (334) 80 (334) 82 (343) 80 (334) 80 (334)
Protein (g) 2.5 2.5 2.2 2.3 2.0
Fat (g) 4.4 4.4 4.4 4.2 4.6
MCT (g) 0.8 0.8 12.5% 26% NP
LCP AA/DHA/GLA AA/DHA/GLA AA/DHA AA/DHA/GLA DHA/GLA
Linoleic acid (g) 0.58 0.58 0.7 0.63 0.54
Linolenic acid (g) 0.08 0.08 0.064 0.07 0.06
Carbohydrate (g) 7.6 7.6 8.4 8.6 7.6
Fibre (g) (prebiotics) 0.8 0.8 NP NP NP
Minerals

Sodium (mg) 50 50 42 33 42
Potassium (mg) 72 72 85 95 72
Chloride (mg) 66 66 60 51 60
Calcium (mg) 120 120 101 99 110
Phosphorus (mg) 66 66 61 54 63

Ca : P ratio (by weight) 2:1 2:1 1.7 :1 1.8:1 1.7 :1
Magnesium (mg) 8 8 8.2 8.0 5

Iron (mg) 1.4 1.4 0.8 1.2 0.04
Zinc (mg) 0.9 0.9 0.8 1.0 0.9
Copper (ug) 80 80 90 80 96
lodine (pg) 25 25 10 20 20
Manganese (pg) 4.4 4.4 10 6.0 3
Selenium (pg) 1.9 1.9 1.7 1.7 1.4*
Vitamins

Vitamin A (pg) 180 180 185 84 100
Vitamin D (pg) 3 3 3.4 2 2.4
Vitamin E (mg) 3.0 3.0 2.5 1.3 10
Vitamin K (pg) 6 6 8.0 6.4 7.0
Thiamin B, (mg) 0.14 0.14 0.135 0.056 0.1
Riboflavin B, (mg) 0.2 0.2 0.2 0.12 0.18
Niacin (mg NE) 3.2 3.2 2.87 0.8 1.0
Panthothenic acid (mg) 1.0 1.0 1 0.36 0.5
Pyridoxine B, (mg) 0.12 0.12 0.1 0.06 0.1
Folic acid (pg) 28 28 34 56 50
Vitamin B, (ug) 0.18 0.18 0.3 0.24 0.2
Biotin (ug) 3.0 3.0 2.4 1.8 2.0
Vitamin C (mg) 13 13 16 13 28
Other

Choline (mg) 13 13 15 12 5.6
Taurine (mg) 5.5 5.5 6 6.4 5.1
Inositol (mg) 40 40 30 5.2 3.2
Carnitine (mg) 1.8 1.8 2.6 1.7 1.0
Nucleotides (mg) 3.2 3.2 NP NP 4.1
Beta-carotene (pg) NP NP 4 NP 24
Osmolality 305 305 291 325 300
(mOsmol/kg/H,0)

Figures for preterm formulas only correct at time of publication; check manufacturers’ data.

AA, arachidonic acid; DHA, docosahexaenoic acid; GLA, gamma-linolenic acid; LCP, long chain polyunsaturated fatty acids;

MCT, medium chain triglycerides; NP, not present.

* Naturally present.



lead to increased risk factors for cardiovascular dis-
ease later in life [105,106]. More evidence is needed
before a truly aggressive nutritional approach is
employed routinely.

Method of enteral feeding

Because of an immature suck-swallow-breathe
pattern, preterm infants require tube feeding until
around 35-37 weeks’ gestation, some longer. There
are advantages and disadvantages to both bolus
and continuous gastric tube feeding with a recent
systematic review unable to give a firm recommen-
dation of one method over the other [107]. Boluses
have been associated with less feed intolerance [83],
but they may lead to a deterioration in respiratory
function (resulting from gastric distension) in very
compromised infants when compared with con-
tinuous feeds [108]. Continuous feeding of human
milk can lead to excessive fat loss [109] and risk of
sedimentation of added minerals. An alternative
method has been shown to work well; this involves
2-hour slow infusion every 3 hours and has led to
improved feed tolerance [110]. Transpyloric feed-
ing is not recommended for routine use because of
adverse outcomes in preterm infants [111]. There
is evidence that rapid advancement of enteral feeds
is associated with increased risk of NEC [112,113].
A limit of 20 mL/kg/day increase in feed volume
has been recommended in those felt to be at high
risk of NEC.

For some infants, particularly those who have
been very unwell, the transition to nipple feeding,
either breast or bottle, is very difficult. Liaison with
an experienced speech and language therapist is
invaluable in these circumstances. Some mother—
infant pairs benefit from specialist advice on estab-
lishing breast feeding and, with support, infants
born as young as 24 weeks can leave neonatal units
fully breast feeding.

Feeding issues in special conditions
Necrotising enterocolitis
Necrotising enterocolitis is a serious inflammatory

disease of the bowel occurring predominantly in
preterm infants. Although it is relatively rare, there
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can be large variations between neonatal units in its
prevalence, suggesting that modifiable factors are
involved [113]. There has been much investigation
into its aetiology because of its high mortality and
morbidity rates. It appears to be triggered by a
combination of one or all of the following factors:
prematurity, hypoxia, gut ischaemia, gut bacterial
overgrowth, disturbance of gut bacterial balance,
sepsis, feeding of formula milk and over rapid
advancement of enteral feeds. Although one single
set of guidelines has not been identified, it does
appear that institution of a standardised feeding
protocol leads to large reductions in the incidence
of NEC [114].

Chronic lung disease

Chronic lung disease, previously known as
bronchopulmonary dysplasia, is a disease first
described following the survival of mechanically
ventilated infants. It appears that this condition is
on the decrease as a result of several factors, includ-
ing more widespread use of prenatal steroids to
help accelerate maturation of the infant’s lungs,
postnatal surfactant administered directly into the
infant’s lungs to improve compliance and, more
recently, more rapid transfer from mechanical
intratracheal ventilation to nasal continuous posi-
tive airway pressure (CPAP). It is now only the
most immature and compromised at birth who
sustain this disease. Lung damage probably results
from the barotrauma of ventilation, and possibly
oxygen toxicity, although strategies to enhance
antioxidant defences have not been effective in
reducing CLD [55]. The result is a requirement for
prolonged ventilatory support and possible dis-
charge home on nasal prong oxygen. Elevated
energy expenditure has been closely associated
with respiratory status in one study [11], but not in
another [115]. There is evidence for some increase
in energy requirements with CLD [116]. The doubly
labelled water technique has shown far more vari-
able expenditures in those with CLD [117]. Thus,
routine energy supplementation is not recommended
in CLD but individual assessment is advised.
Interestingly, intervention studies where infants
were randomised to have increased nutritional
intake have not prevented the disease [102] or
improved respiratory outcome or growth [118,119].
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As a result of long term adverse effects, use of
steroids to aid weaning from ventilatory support
has now virtually stopped, thus eliminating the
major negative impact they have on growth in
preterm babies.

Babies with CLD can show growth failure resist-
ant to nutritional intervention and other factors
should be considered (e.g. sodium depletion) [120],
particularly if on diuretics, and the effect of inad-
equate oxygen therapy [121].

Post-discharge nutrition

All mothers should be encouraged to breast feed
their infants on demand wherever possible after
discharge from hospital, with close attention to
growth monitoring. Infants who are breast feeding
on discharge will need iron and a multivitamin sup-
plement (containing vitamin D). For those mothers
who cannot breast feed, a post-discharge formula is
recommended. Nutrient enriched post-discharge
formula (NEPDF) was developed following obser-
vations that preterm infants take up to 300 mL/kg
of term formula post-discharge [100]. There are two
brands available on prescription in the UK:

e Nutriprem 2 75kcal (310k])/100mL; 20g
protein/100 mL

e PremCare 72 kcal
protein/100 mL

(301 k]J)/100mL; 1.85¢g

Although limited, there are data showing
improved growth and bone mineralisation (the
latter mainly in boys) in infants taking NEPDF, but
no developmental advantages [122]. However, there
are practical advantages in using a NEPDF such
as providing additional vitamins and minerals,
particularly iron, negating the need for separate
supplements. Babies discharged on these formulas
should on the whole take lower volumes that they
would if on a term formula, and this can help par-
ents cope with caring for their baby at home.

These formulas are prescribable to 6 months of
age although major advantages of feeding them
for this length of time are yet to be shown [122].
Achievement of catch-up growth may be used as a
guide as to when to stop using them. Use of NEPDF
for a period should speed up achievement of more
normal bone mineralisation. Although NEPDF are

currently prescribable for low birth weight as well
as preterm infants there is no evidence that they are
of any benefit to small term infants [123].

After NEPDF is stopped, a term formula can be
used up to 12-18 months of age. Iron status should
be adequately maintained without supplements
on this formula [49], although some infants with
limited dietary intakes may still need them. When
formula or breast milk is changed to unmodified
cow’s milk at 12-18 months, the infant should be
started on Healthy Start Children’s Vitamin Drops
as per Department of Health guidelines [124] (see
Table 1.18).

Weaning onto solids

Introduction of solids is not recommended before 6
months for the general population, but the govern-
ment guidelines are not intended for special groups
such as preterm babies [125]. In this group there is
very little published work to guide advice although
anecdotal reports indicate that introduction at 5
months post-delivery is successful. Advice is not to
start earlier than this unless there are exceptional
circumstances. A suggested upper limit to start wean-
ing is 7 months post-delivery. Although many infants
will be at a relatively young post-conceptional
age, there is evidence that preterm delivery leads
to accelerated maturation of many organ systems,
thus protecting the preterm infant against adverse
effects associated with ‘early” weaning. For exam-
ple, the introduction of milk feeds leads to a preco-
cious development of digestion and motility in the
gastrointestinal tract [24,126]. There is no evidence
for increased risk of allergy [127]. On the other
hand, preterm infants seem to have a higher pre-
valence of behavioural feeding problems [128] par-
ticularly associated with chronic health problems
[129]. This may be because of solids (particularly
lumps) being delayed beyond a critical period for
their acceptance. Direct evidence for this is lacking
but case studies [130] and other observational data
indicate a link [131]. Once weaning has started it
should proceed according to current guidelines
[124], with added advice provided in a booklet pro-
duced specifically to advise on weaning preterm
infants produced by BLISS, a London based charity
for the premature babies [132].
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Gastroenterology

Sarah Macdonald

Introduction

Gastroenterology is one of the most interesting and
challenging areas in paediatric dietetics. The medi-
cal conditions encountered are diverse and require
an understanding of normal gastrointestinal (GI)
function before correct dietetic advice can be given.
Problems as varied as diarrhoea, constipation and
GI dysmotility can affect normal intake and absorp-
tion of nutrients. Manipulation of feeds and diet is
often the primary treatment for the underlying
condition and carers need careful explanation of
the principles of the feed and diet prescribed.

Nutritional requirements

These vary according to the underlying disorder.
For GI disorders that do not result in malabsorp-
tion, normal requirements for most nutrients will
suffice, with additional energy and protein required
for catch-up growth.

When malabsorption is present, requirements
for all nutrients are raised to cover stool losses, par-
ticularly fluid, energy, protein and electrolytes.
Most infants will have high to very high require-
ments. Careful monitoring of nutritional status, by
anthropometric and biochemical means, is needed.

Table 7.1 can be used as a guide for require-
ments for infants with malabsorption who are fed

Table 7.1 Suggested requirements for infants with
malabsorption.

Energy High 130-150 kcal/kg/day
(540-630 kJ/kg/day)
Very high 150-220 kcal/kg/day
(630-900 kj/kg/day)
Protein High 3-4 g/kg/day
Very high Maximum 6 g/kg/day
Sodium High 3.0 mmol/kg/day
Potassium Very high 4.5 mmol/kg/day
Fluid High 180-220 mL/kg/day

enterally and are based on actual rather than
expected weight.

Fluid and dietary therapy of
acute diarrhoea

Acute diarrhoea remains one of the leading causes
of childhood morbidity and mortality in develop-
ing nations, with an estimated 5-18 million deaths
attributed to this cause each year. In industrial
nations the mortality rate is much lower. Infants
and children are particularly vulnerable to the
effects of acute diarrhoea because of their greater
relative fluid requirements and their susceptibility
to faecal-oral agents.



The causative mechanisms in the GI tract are:

e Increased secretion
e Decreased absorption

Often these co-exist to produce an increased fluid
load that exceeds the colonic absorptive capacity,
resulting in diarrhoea. Both viral and bacterial
pathogens can affect the gut in this way.

Transport of glucose and amino acids is an active
process and requires the presence of a sodium
gradient across the brush border membrane main-
tained by the Na™—K* ATPase pump. The move-
ment of water in the gut is a passive event driven
by the movement of solute. The regulation of elec-
trolye transport is controlled by several mediators
and inhibition of these pathways results in poor
absorption and active chloride secretion into
the gut.

In infective diarrhoea, decreased absorption is
not necessarily caused by reduced villous size. With
increased cell loss, immature epithelial cells replace
fully differentiated, mature absorptive cells. These
cells have defective electrolyte and nutrient trans-
port and functional impairment may be severe.
This situation is worsened by cycles of fasting and
starvation commonly seen in infants and children
with acute diarrhoea in developing countries.

Oral rehydration solutions

Oral rehydration therapy is used to correct dehy-
dration and maintain hydration. The sodium-
glucose coupled transport mechanism stimulates
water and electrolyte transport. This process is pre-
served in acute diarrhoeal disorders.

Specific recommendations for the composition
of oral rehydration solutions (ORS) for children
were published by the European Society of Paedia-
tric Gastroenterology and Nutrition (ESPGAN) in
1992 [1]:

e Carbohydrate should be present as either glu-
cose or glucose polymer at concentrations
between 74 and 111 mmol/L

e ORS should contain 60 mmol/L sodium (com-
pared with 90 mmol/L recommended by the
World Health Organization [WHO] in devel-
oping countries) to minimise the risk of
hypernatraemia
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Table 7.2 Oral rehydration solutions (ORS) available in
the UK.

mmol/L

Nat Kt CI- CHO
Dioralyte (powder) 60 20 60 90 (glucose)
(Aventis Pharma)
Electrolade (Baxter) 50 20 40 111 (glucose)
Rapolyte (Provalis) 60 20 50 110 (glucose)
Dioralyte Relief* 60 20 50 30g
(Aventis Pharma) (rice starch)
WHO Formulation 75 20 65 75 (glucose)

Oral Rehydration Salts

* Effervescent and flavoured preparations are not suitable for
young infants.

e Potassium should be added to replace stool
losses

e Osmolality should be low (200-250 mOsm/kg
H,0) to ensure optimal water absorption

Systematic reviews have confirmed that this is
still the best composition of ORS to use in children
admitted to hospital with diarrhoea [2]. There is no
evidence of benefit in reduction of stool loss by the
use of ORS containing rice powder in non-cholera
diarrhoea [3]. ORS available in the UK are sum-
marised in Table 7.2.

Feeding during acute diarrhoea

For many years it was common practice to stop
feeds during diarrhoeal episodes. It was thought
that decreased lactase activity, chiefly associated
with rotavirus gastroenteritis, would cause lactose
malabsorption if milk feeds were introduced too
early and that food proteins could be transported
across an impaired mucosal barrier and cause sen-
sitisation [4]. Consequently, bottle fed infants with
gastroenteritis were fed ORS alone for 24 hours
followed by the introduction of dilute feeds. This
advice resulted in a reduced nutritional intake at a
time when requirements were increased because of
infection [5].

A meta-analysis of randomised clinical trials
published in 1994 showed that the routine dilution
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of milk feeds and use of lactose free formula was
not justified in the treatment of infants and children
with acute diarrhoea [6]. A multicentre European
study has shown that the complete resumption of a
child’s normal feeding after 4 hours of rehydration
with ORS led to a significantly greater weight gain
during hospitalisation and did not result in wor-
sening or prolonged symptoms [7]. This is especially
important in developing countries where children
may already be malnourished.

In 1997, ESPGAN published recommendations
that management of gastroenteritis should consist
of oral rehydration with a low osmolar ORS for
4 hours (100 mL/kg over 4—6 hours in moderately
dehydrated patients), followed by resumption of
normal feeding [8]. Supplementing the usual feeds
with ORS (10 mL/kg/liquid stool) can prevent
further dehydration. Breast feeding should be con-
tinued at all times with supplementation of ORS.

Use of lactose free formula

There is no evidence to support the use of lactose
reduced or cow’s milk protein free formula in
infants and children with acute diarrhoea, even if
the infective agent is rotavirus. A very small minor-
ity of patients who show signs of feed intolerance
(defined as worsening of diarrhoea with acidic
stools containing >0.5% reducing substances) may
need the temporary use of a lactose free formula
(Table 7.3).

A multicentre study performed in 29 European
countries showed that only a minority of phys-
icians were following the ESPGAN guidelines.
Children were still being fed ORS alone for
inappropriately long periods of time and over 50%
of physicians were prescribing lactose free for-
mulas routinely following a diarrhoeal illness [9].
Guidelines for the optimal management of gas-
troenteritis need to be promoted to primary care
physicians, health care workers and parents.

Table 7.3 Lactose free, cow’s milk protein based formula
available on prescription in the UK.

Galactomin Formula 17 (Scientific Hospital Supplies)
Enfamil Lactofree (Mead Johnson)
SMA LF (SMA Nutrition)

Congenital chloride losing diarrhoea

This is a selective defect in intestinal chloride trans-
port in the ileum and colon which is inherited as an
autosomal recessive trait. Life-long secretory diar-
rhoea occurs with high chloride concentrations. It
has been reported in most populations including
Britain; however, it is most commonly seen in
Finland and the Arabian Gulf.

In the past it generally resulted in severe lethal
dehydration. Watery diarrhoea is present from
birth but often goes unnoticed as the fluid in the
nappy is thought to be urine. Dehydration occurs
rapidly followed by disturbances in electrolyte con-
centration causing hyponatraemia and hypochlo-
raemia with mild metabolic acidosis.

Treatment

As the intestinal defect cannot be corrected, treat-
ment requires replacement of the diarrhoeal losses
of chloride, sodium and water. Initially, this may
need to be given intravenously but this should
gradually be changed to the oral route. Dietary
manipulation is not required in this disorder
other than to ensure a normal intake for age in
conjunction with the prescribed electrolyte and
fluid therapy.

Food allergy in gastroenterology

It is thought that the relatively high incidence of
adverse reactions to food proteins seen in infancy
is the result of immaturity of local and systemic
immune systems, often in association with in-
creased gut permeability to large molecules. One
common cause of this is the post-enteritis syn-
drome where a loss of barrier function and the
breakdown of normal immune tolerance follows an
enteric infection. Deficiency of immunoglobulin A
(IgA), which is involved in the immune defence of
mucosal surfaces, is a common associated finding
in allergic infants.

Food allergy may broadly be classified as either
antibody mediated (e.g. IgE mediated: immediate
GI hypersensitivity and oral allergy syndrome) or
cell mediated (e.g. T-cell mediated: dietary protein
enteropathy, protein induced enterocolitis and



Table 7.4 Gastrointestinal disorders that can be caused by
allergy to dietary proteins.

Oral allergy syndrome

Eosinophilic oesophagitis

Eosinophilic gastroenteropathy (food protein induced
enterocolitis)

Eosinophilic colitis

Enteropathy

Proctocolitis

proctocolitis) [10]. In some patients both mech-
anisms can co-exist (eosinophilic gastroentero-
pathy). Cells and mediators of the immune system
such as eosinophils and lymphocytes can be found
in biopsies of inflamed sites.

Allergic reactions can affect Gl secretion, absorp-
tion (with or without mucosal damage) and motil-
ity. Interactions between the allergic cells and the
mucosal nervous system is important in mediating
alterations in secretion and motility. Both inter-
leukin-5 (IL-5), a Th2 produced cytokine, and the
chemokine eotaxin have a role in allergic responses
that can present as delayed gastric emptying,
gastro-oesophageal reflux and constipation [11].

Gastrointestinal conditions caused by allergic
reactions to dietary proteins are summarised in
Table 7.4. Often in the clinical setting dietary
manipulations are used to treat symptoms before
any formal investigations are carried out. An algo-
rithm of suggested management is given in Fig. 7.1.

Although the most common foods to cause
GI food allergic problems are cow’s milk, egg,
wheat and soya, any food ingested could be a
culprit [12,13]. The current tests available (skin
prick tests, patch tests and specific IgE) are of
limited use in identifying food allergens causing
GI disease. The prescribed exclusion diet is gener-
ally based on an underlying family history of atopy
(hay fever/allergic rhinitis, asthma, eczema), aller-
gies and organ-specific autoimmunity combined
with the age of presentation of symptoms with food
intake at that time. Sometimes a number of dietary
manipulations need to be tried before the correct
dietary restriction for the individual is achieved.
In the presence of multiple food allergies, a few
foods diet approach or exclusive use of a hypo-
allergenic feed may be needed with subsequent
single food introductions to identify the causative
food allergens.
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Exclusion diets are difficult to manage at home
and are expensive. Selection of suitable patients is
important. Use of anti-allergic or anti-inflamma-
tory drugs as a therapeutic alternative to dietary
restriction might be considered in situations where
the family will not cope with a strict exclusion diet.

When multiple foods are excluded from the diet
at one time it is important to challenge sequentially
with the excluded foods to identify those the child
is reacting to in order to avoid over-restricting
the diet.

Exclusion of cow’s milk protein

Cow’s milk is the most common food to cause a
reaction in infants and the incidence of cow’s milk
protein intolerance (CMPI) or allergy reported in
developed countries is between 2% and 3%; 0.5% of
breast fed infants are reported to be food allergic or
intolerant, reacting to exogenous food proteins
secreted into the mother’s milk. When an alterna-
tive infant formula is tried it is necessary to persist
with this formula for a reasonable length of time,
observing symptoms carefully, before abandoning
it in favour of a different feed. Delayed reactions to
dietary proteins can occur several days after their
ingestion.

Prognosis is good with remission in approx-
imately 50% of infants by 1 year of age, 75% at
2 years and 90% at 3 years of age. Less than 1% of
infants maintain a life-long food allergy [14].

Alternative infant formulas

It is vital that an infant is given a nutritionally com-
plete milk substitute to replace a formula based
on cow’s milk protein. In breast fed infants the
mother’s diet needs to be modified by the removal
of cow’s milk and any other foods allergenic to the
infant, ensuring that the maternal diet continues to
include adequate amounts of calcium, fluid, energy
and protein. It has been found that breast fed
infants can be sensitised to multiple allergens,
including egg, soy, wheat and fish [15].

Mammalian milks

Mammalian milk is not suitable to be used as an
infant feed without modification because of its high



94 Clinical Paediatric Dietetics

Medical History
Breast fed
Colic/GOR
Perianal redness
Stool frequency
Behaviour

Personal and Family History
Atopy

Allergy

Irritable bowel

Examination

Weight and height
Centile chart

Rash

Perianal region

Blood Tests FBC

Inflammatory markers
Immunology — IgE, 1gG, IgA, I1gM
Specific IgE, coeliac screen
Eosinophil count

Ensure other diagnosis, e.g. coeliac disease and IBD excluded

Then trial of diagnostic elimination diet

6-8 week follow-up appointment

No improvement

Check understanding/dietary compliance
? Exclude additional foods

? Medications

Clinical improvement
Monitor growth
Check dietary adequacy

| Relapse/unwell

If multiple food exclusions, consider food challenges

Upper/lower Gl endoscopy
Histology: eosinophilic infiltrate

Well

| Medications

Dietary management

Further dietary antigen restriction
Few foods diet

Hypoallergenic feed

Antihistamines

Steriods, etc.

Sodium cromoglycate

Winter antibiotics

Annual follow-up

Check dietary adequacy
Monitor growth and weight gain
Consider food challenges

Figure 7.1

Suggested management of food allergy in gastroenterology. FBC, full blood count; Gl, gastrointestinal;

GOR, gastro-oesophageal reflux; IBD, inflammatory bowel disease; Ig, immunoglobulin.

renal solute load and inadequate vitamin and min-
eral content. The proteins in goat’s and sheep’s
milks share antigenic cross-reactivity with cow’s
milk proteins. Infant formulas based on these milks
are not recommended for use in GI food intoler-
ances [16]. Infant milks based on goat’s milk are not
available in the UK.

Soy protein based formulas

A soy protein based formula was used for the first
time in 1929 to feed infants with cow’s milk protein
allergy. Today these feeds are based on a soy pro-
tein isolate supplemented with L-methionine to
give a suitable amino acid profile for use in infancy.
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Table 7.5 Composition of soy infant formula available in the UK, per 100 mL.

Energy
Dilution CHO Protein Fat Osmolality

Name and manufacturer (%) (kcal) (k) (8 (8) (8 (mOsm/kg H,0)
InfaSoy (Cow & Gate) 12.7 66 277 6.7 1.8 3.6 200

SMA Wysoy (SMA Nutrition) 13.2 67 280 6.9 1.8 3.6 189

Farley’s Soya 13.7 70 294 7.0 2.0 3.8 210

Formula (Farley’s)

ProSobee (Mead Johnson) 13.0 68 285 6.7 1.8 3.7 180

Isomil (Abbott) 13.1 68 285 6.9 1.8 3.7 250

(35% sucrose)

They are lactose free, with the carbohydrate gener-
ally being present as glucose polymer (Table 7.5).
The fat is a mixture of vegetable oils that provide
long chain fatty acids, including essential fatty
acids. Feeding modern soy formulas to infants is
associated with normal growth, protein status and
bone mineralisation [17].

Use of soy protein in infancy

The Committee on Toxicity of Chemicals in Food,
Consumer Products and the Environment (COT)
published a final report on phytoestrogens and
health in May 2003 [18]. Phytoestrogens are natural
chemicals produced by some edible plants that can
mimic or block the action of human oestrogens,
although they are much less potent. COT felt that
there was evidence of potential risk to the long-
term reproductive health of infants from the biolo-
gical activity of these molecules. Infants during the
first 6 months of life are particularly sensitive
developmentally and consume large quantities of
isoflavones from soya feeds (up to 4 mg/kg/day)
compared with an adult using soy products who
might ingest 3 mg/day isoflavones.

They concluded that soy based infant formulas
should only be fed to infants when indicated clin-
ically. This was echoed by another independent
advisory body, the Scientific Advisory Committee
on Nutrition (SACN) who also felt that ‘the use of
soy-based infant formulas is of concern and that
there was little evidence to support health benefits
over products based on cow’s milk protein isolate’.

The Paediatric Group of the British Dietetic
Association published a position statement on the
use of soya protein in infancy using a pragmatic

approach to the advice given by these expert bodies
[19]. They recommend that the use of soy formulas
in children with atopy or allergy should be discour-
aged in the first 6 months of life. However, there is
still a clinical need to use soy formulas in the fol-
lowing groups of infants as any potential risk is
outweighed by the risk of withholding the formula:
infants with cow’s milk allergy who refuse exten-
sively hydrolysed or elemental formulas, vegan
mothers who are unable to breast feed and infants
with galactosaemia.

There appears to be less risk to the infant after 6
months of age as the dose of isoflavones per kilo-
gram body weight will be reduced as dependence
on formula as a source of nutrition decreases. The
infant’s potentially vulnerable organ systems are
likely to have matured by that age. More research
in this area is needed.

Use of soy formulas in gastrointestinal disorders
Soy protein has a very large molecular weight and
after digestion can generate a large number of
potential allergens. Severe GI reactions to soy pro-
tein formula have been described for more than 30
years and include enteropathy, enterocolitis and
proctitis. It is suggested that an intestinal mucosa
damaged by cow’s milk protein allows increased
uptake and increased immunologic reaction to soy
protein. A reported 60% of infants with cow’s milk
protein induced enterocolitis are equally sensitive
to soy. For these reasons soy protein based formu-
las are not recommended in the management of
cow’s milk protein enteropathy or enterocolitis [17].
Older infants with documented IgE-mediated
allergy to cow’s milk protein can do well on soy
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protein based formula [20,21]. In other GI mani-
festations of possible cow’s milk allergy, such
as constipation or vomiting, where the mucosa is
not damaged, soy feeds can be used. Soy formula
has the benefit of being at least half the cost of
hydrolysed protein formula and is much more
palatable. Soy infant formulas available in the UK
are summarised in Table 7.5.

Milk free diet

It is important that carers of infants requiring a
cow’s milk protein free feed are given appropriate
advice to enable them to exclude cow’s milk from
solids. The following ingredients indicate the pres-
ence of cow’s milk in a manufactured food: casein,
hydrolysed caseinates, whey, hydrolysed whey,
lactose, milk solids, non-fat milk solids, butter fat.
Parents should be taught to recognise these in lists
of ingredients and exclude foods containing them
from the diet. A recent change in the law (Directive
2003/89/EC, November 2005) regarding labelling
of ingredients now means that products containing
milk must be clearly identifiable. Milk free dietary
information is summarised in Table 7.6.

Feeds based on protein hydrolysates

Infants with cow’s milk allergy and proven or

Table 7.6 Milk free diet.

suspected soy intolerance need an alternative type
of formula. The allergenicity or antigenicity of a
particular protein is a function of the amino acid
sequences present and the configuration of the
molecule. An epitope is the area of a peptide chain
capable of stimulating antibody production. During
the manufacture of a hydrolysate the protein is
denatured by heat treatment and hydrolysed by
proteolytic enzymes leaving small peptides and
free amino acids. The enzymes are then inactivated
by heat and, along with residual large peptides, are
removed by filtration [22].

The proteins used to make a hydrolysate vary
and production methods also differ between manu-
facturers. The profile of peptide chain lengths
between different feeds will not be identical, even
when the initial protein is the same.

Potential problems with hydrolysate formulas

Despite the rigorous conditions employed in the
manufacture of these feeds there are still potential
sequential epitopes present that can be recognised
by sensitive infants. Extensively hydrolysed pro-
tein based feeds vary considerably in their mole-
cular weight profile and hence in their residual
allergenic activity. Feeds with peptides of >1500 Da
have been demonstrated to have residual allergenic
activity [23,24]. The degree of hydrolysis does not
predict the immunogenic or the allergenic effects in

Foods permitted

Foods to be excluded

Check ingredients

Milk substitute
Vegetable oils
Custard made with milk substitute, sorbet

Meat, fish, eggs, pulses

All grains, dry pasta, flour
Bread, most breakfast cereals

All mammalian milks, cheese, yoghurt,
fromage frais, ice cream, butter

Pasta with cheese or milk sauce, milk
bread, nan bread

Margarines

Sausages, pies, foods in batter or
breadcrumbs
Baked beans

Tinned pasta
Bought cakes or biscuits

Cream cakes, chocolate biscuits

Fruit and vegetables
Plain crisps, nuts

Sugar, jam, jelly
Marmite

Milk shake syrups and powder
Pop, juice, squash

Milk chocolate, toffee

Instant mashed potato
Flavoured crisps

Plain chocolate
Ketchup, salad dressings, soups

Malted milk drinks




Table 7.7 Extensively hydrolysed infant feeds available in UK.
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Energy

Name and Dilution _— CHO Protein Fat Na* K* Osmolality
manufacturer (%) (kcal) (k) (g)* (g) (g)* (mmol) (mmol) (mOsm/kg H,0)
Casein
Nutramigen 1 13.5 68 280 7.5 1.9 3.4 1.4 2.1 290
(Mead Johnson)
Nutramigen 2* 14.6 72 300 7.8 2.3 3.5 1.6 2.3 342
(Mead Johnson)
Pregestimil 13.5 68 280 6.9 1.9 3.8 1.3 1.9 330
(Mead Johnson) (55%)
Whey
Pepti-Junior 12.8 67 280 6.9 1.8 3.6 0.9 1.7 200
(Cow & Gate) trace (50%)

lactose
Pepti (Cow & Gate) 12.6 66 275 6.8 1.6 3.6 0.8 1.8 240

38%

lactose
Pork collagen and soya
Prejomin (Milupa) 15 75 313 8.6 2.0 3.6 1.4 2.0 193
Pepdite (SHS) 15 71 297 7.8 2.1 3.5 1.5 1.5 237

(3%)
MCT Pepdite (SHS) 15 68 286 8.8 2.0 2.7 1.5 1.5 290
(75%)

SHS, Scientific Hospital Supplies.

*Carbohydrate is present as glucose polymers derived from different sources unless otherwise stated.
* Figures in parenthesis indicate the percentage of fat present as medium chain triglycerides (MCT).

* Suitable from 6 months of age.

the recipient infant. It has been recommended that
dietary products for treatment of cow’s milk pro-
tein allergy in infants should be tolerated by at least
90% of infants with documented cow’s milk allergy
[16]. In instances where an infant is not malnour-
ished and fails to tolerate one hydrolysate formula,
a second hydrolysate from a different protein
source can be tried.

Table 7.7 shows the composition of extensively
hydrolysed infant formulas available in the UK.
Feed choice may be influenced by:

e Palatability, which is affected by the presence of
bitter peptides. This is particularly important in
infants older than 3 months of age

e Co-existing fat malabsorption, where a feed
with some of the fat as medium chain trigly-
cerides (MCT) may be indicated

e Cost, some hydrolysates being twice as expen-
sive as others

e Religion and culture, where parents do not wish
their children to be given products derived
from pork

Feed introduction

Hydrolysate feeds should be introduced slowly to
infants with severe GI symptoms as they have a
higher osmolality than normal infant formula.
Feeds containing a high percentage of MCT should
also be introduced gradually to ensure tolerance.
The speed of introduction depends on clinical
symptoms; a minimum of 12 hours on a half
strength feed before the introduction of full
strength formula is suggested. If the diarrhoea is
very severe then it may be necessary to introduce
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Table 7.8 Suggested plan for introducing hydrolysate feeds
to older infants fed orally.

Day Percentage Percentage new
number own feed hydrolysate feed
1 75 25
2 50 50
3 25 75
4 0 100

quarter strength feeds, grading up to full strength
feeds over 4 days. If severe diarrhoea is present in
an older infant it is preferable to stop all solids
while a new feed is being introduced, to assess
tolerance.

In an outpatient setting, where symptoms may
be less severe, full strength formula can usually be
introduced from the outset. In infants older than
6 months there may be an advantage in initially
mixing the hydrolysate with their usual formula
to slowly introduce the new taste and encourage
acceptance. A suggested regimen is shown in Table
7.8. Milk shake flavourings at 2-4% concentration
can also be used in this age group if sucrose is not
contraindicated.

If an infant refuses to drink the hydrolysate feed
a nasogastric tube needs to be passed to ensure
adequate feed volumes are taken. Where failure to
thrive co-exists, feeds can be fortified in the usual
manner by the addition of fat, carbohydrate or an
increase in formula concentration. All changes
should be made slowly to ensure they are tolerated.

Pepti-Junior and Pepti both have sodium con-
tents similar to standard infant formula which may
not be sufficient for an infant with increased stool
losses. Low urinary sodium (<20 mmol/L) along-
side a normal plasma sodium concentration indic-
ates sodium depletion and supplementation with
sodium chloride will be required.

Amino acid based infant formula

Only pure amino acid mixtures are considered to
be non-allergenic as there are no peptide chains
present to act as epitopes. In infants who fail to tol-
erate a hydrolysate this is the next logical step, so
long as there is not a co-existing fat or carbohydrate
intolerance. In these situations a modular feeding
approach should be used (see p. 109). At present
there is only one such feed for infants in the UK,
Neocate (Table 7.9). Studies have shown this to be
effective in a number of clinical settings where pro-
tein hydrolysates have not been tolerated [13,24].
The sodium content of Neocate is relatively low for
infants with chronic diarrhoea and may need fur-
ther supplementation.

Introduction of solids

Weaning should take place at the recommended
age of around 6 months and not before 17 weeks. It
is important to ensure that food offered is free of
cow’s milk protein. Other dietary proteins that are
most commonly implicated and may therefore
need to be excluded include egg, soy and wheat. In
very sensitive infants it may be wise to introduce
new foods singly.

Exclusion of soy protein

In conditions where soy intolerance is present in
addition to CMP], foods containing soy and milk
protein should be excluded from the diet (Tables
7.6 and 7.10). Vegetable or soy oils and soya lecithin
are normally tolerated by individuals sensitive to soy
protein and should not need to be excluded from
the diet except in severely affected individuals.

Milk, egg, wheat and soy exclusion diets
In conditions where a simple exclusion diet has not
worked or where there is a diet history suggestive

Table 7.9 Infant formula based on amino acids available in the UK, per 100 mL.
Energy Protein
Name and Dilution CHO  equivalent  Fat Nat* K* Osmolality
manufacturer (%) (kcal) (k) (g) (g) (g) (mmol)  (mmol)  (mOsm/kg H,0O)
Neocate (Scientific 15 71 298 8.1 2.0 3.5 0.8 1.6 360

Hospital Supplies)

(5% MCT)

MCT, medium chain triglycerides.



Table 7.10 Foods containing soya protein.

All soy based products including tofu and soy sauce
Texturised vegetable proteins

Breads, biscuits and cakes which contain soy flour
Baby foods containing soy protein

Soy margarines

of multiple food intolerances this dietary regimen
may be tried. Families need a lot of help and infor-
mation about commercial foods to enable them to
adhere to this regimen. Suitable wheat free prod-
ucts that are available via the Advisory Committee
on Borderline Substances (ACBS) cannot be pre-
scribed for wheat allergy and a separate letter to the
GP requesting help is often required. In addition to
looking for milk, egg and soy based ingredients
on food labels any unidentified starches, rusk and
batter also needs to be excluded (Table 7.11).

Table 7.11  Milk, egg, wheat and soya free diet.
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Suitable feeds for older children

A suitable infant formula should be continued for
as long as is nutritionally indicated in children on
an exclusion diet and is preferable under the age of
2 years. In situations where a large percentage of
the child’s nutrition comes from a formula it will
either need fortification to meet nutritional require-
ments or a feed designed for older children should
be used. The feeds in Table 7.12 have been designed
to meet the requirements of older children requir-
ing hypo-allergenic feeds. Adult feeds based on soy
or hydrolysed protein should be used with care in
older children and may require modification or
vitamin and mineral supplementation.

In children over the age of 2 years consuming
a well-balanced diet and tolerating soy protein,
supermarket ‘adult’ liquid soy milks can be given
as an alternative to cow’s milk. Those with added
calcium help to ensure an adequate intake of this

Foods permitted

Foods to be excluded

Check ingredients

Milk substitute

All mammalian milks and products, soya

Margarines

Vegetable oils

All meat, poultry, fish, shellfish
(fresh or frozen), pulses

Rice, rice noodles or pasta, maize
corn pasta, cornflour, tapioca, sago,
arrowroot, buckwheat, barley, oats,
gram flour, potato flour, ground
almonds, carob

Breakfast cereals made from rice,
corn and oats, poppadoms, rice and
corn cakes

Jelly, custard or blancmange powders,

rice, tapioca or sago pudding (made
with milk substitute)

Fruit and vegetables

Plain crisps
Marmite, Bovril

Sugar, jam, honey, syrup, plain fruit
lollies, milk shake syrup and powder,
cocoa powder

milks and soy products, shredded suet
Eggs

Meat or fish dishes with pastry,
breadcrumbs or batter
Tofu, tempeh, soy beans, Quorn

Wheat, rye and soya flour, spelt flour, wheat
bran or germ, semolina, couscous,
tabouleh, pancakes, batter, pizza, stuffing
mixes, ordinary pasta, e.g. spaghetti

Wheat based breakfast cereals

Bread, crispbreads, crackers, chapatti,
croissants, biscuits, cake, cheesecake,
instant desserts

Potato croquettes

Mayonnaise, salad cream, soy sauce

Chocolate spread, lemon curd, milk
chocolate, instant milk drinks

Sausages, beef and vegetarian burgers,
hot dogs, ready meals

Gluten free bread, cakes, biscuits,
pasta; oatcakes

Pies, pastries, mousse, trifle, sorbet

Vegetables in dressing, e.g. coleslaw;
potato waffles, instant mashed potato

Flavoured potato crisps
Stock cubes, gravy mixes, soups, sauces

Plain chocolate, jelly sweets,
marshmallows, baking powder,
chocolate, malted drinks
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Table 7.12 Hydrolysate and amino acid based feeds for older children per 100 mL.

Energy Protein
Dilution CHO*  equivalent Fat" Na* K* Osmolality

Name (%) (kcal) (kJ) (8) (8) (8) (mmol) (mmol) (mOsm/kg H,0)

Hydrolysate feeds

Pepdite 1+ (SHS) 23 100 423 13 3.1 39 2.1 3 465
(35)

MCT Pepdite 1+ 20 91 380 11.8 2.8 3.6 1.8 2.6 460

(SHS) (75)

Peptamen Junior 22 100 418 13.8 3 3.8 2.9 3.5 310

(Nestlé)

Amino acid feeds

Neocate Advance$ 25 100 420 14.6 2.5 3.5 2.6 3.0 610

(unflavoured) (35)

(SHS)

Neocate ActiveS** 21 100 420 11.3 2.8 4.8 1.3 1.5 520

(unflavoured) 4)

(SHS)

Elemental 028* 20 78 328 14.4 2.0 1.3 2.6 2.4 496

(unflavoured) (5)

(SHS)

Elemental 028% 20 89 374 11.8 2.5 3.5 2.7 2.4 502

Extra (unflavoured) (35)

(SHS)

Emsogen 1 20 88 370 12 2.5 3.3 2.6 2.4 539

(unflavoured) (83)

(SHS)

SHS, Scientific Hospital Supplies. * All present as glucose polymer derived from different sources. * Figures in parenthesis show
percentage fat present as MCT. ¥ Use with caution for children between 1-5 years. S Flavoured versions of these feeds are also
available. 1 Patients who are receiving a significant proportion of their nutritional requirements from Emsogen may need to
supplement their intake of o linolenic acid to meet UK DRVs 1991 [25] and ESPGAN guidelines 1991 (p. 148). ** Neocate Active

is designed as a dietary supplement rather than a complete feed.

nutrient. For children intolerant of soy and cow’s
milk, alternative ‘milks” made from oat, rice, nut
and pea are available in health food shops and
supermarkets; they can be a useful social replace-
ment for cow’s milk. Some are fortified with calcium.
Calcium supplements (Table 18.14) may be needed
to achieve the reference nutrient intake (RNI) [25].
Most of these drinks contain very little protein so
high protein foods must be eaten twice a day.
Calcium intakes below recommended intakes
have been identified in a number of children
limiting cow’s milk in their diet, which may affect
bone density [26]. One study showed that child-
ren aged between 31 and 37 months on milk free

diets had significantly lower intakes of energy, fat,
protein, calcium, riboflavin and niacin than age-
matched controls. Careful monitoring of dietary
adequacy with calcium and vitamin supplemen-
tation if needed is required [27].

Coeliac disease

This is an autoimmune disease primarily affecting
the proximal small intestine characterised by an
abnormal small intestinal mucosa and associated
with a permanent intolerance to gluten. Coeliac
disease (CD) is associated with other autoimmune



disorders and a low IgA. There are at least two
prerequisites for developing CD: a genetic predis-
position and ingestion of gluten. More than one
member of a family may be affected. The incidence
was previously estimated to be 1 in 300 in England
although a recent study suggested this could be as
high as 1 in 100 [28,29]. There is considerable vari-
ation in the age of onset and in the mode of presenta-
tion, with patients now being diagnosed well into
adulthood.

CD is an immunological disorder with local
and systemic production of autoantibodies against
structural proteins of the small intestine mucosa
and other organs, in association with a specific
pattern of cell-mediated damage in the small intes-
tine. Anti-tissue transglutaminase (tTG) and anti-
endomysial antibodies (the same antibody measured
by different methods) are specific markers of CD,
although they may not be raised in IgA deficient
individuals [30]. These can also be raised in healthy
first degree relatives with a normal small intestinal
biopsy, perhaps implying that these individuals
have a latent form of the disease.

The ‘gold standard’ for diagnosis remains a
small intestinal biopsy demonstrating mucosal
damage followed by a clinical response to gluten
withdrawal [30,31]. It is important that patients
with suspected CD continue on a normal diet until
the diagnostic biopsy has been performed and a
clear diagnosis made.

Table 7.13 Gluten free diet.
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Treatment

CD is treated by excluding all dietary sources of
gluten, a protein found in wheat, rye and barley.
The gluten can be divided into four subclasses:
gliadin, glutenins, albumins and globulins. In wheat
the injurious constituent is the prolamin fraction
of a-gliadin. The equivalent in rye is secalin and
in barley hordein. Enzymatic degradation studies
have suggested that the damaging fraction is an
acidic polypeptide with a molecular weight of
<1500 Da.

Gluten free diet

All possible sources of wheat, rye and barley need
to be excluded from the diet which needs to be fol-
lowed for life (Table 7.13). This excludes a number
of staple foods such as bread, pasta, biscuits and
cakes and parents need support and help in finding
suitable substitutes that their child will eat. Wheat
flour is commonly used in processed foods as a
binding agent, filler or carrier for flavourings and
spices. Recent testing using a more sensitive ana-
lysis method has shown that some breakfast cereals
containing malt flavourings derived from barley
exceed the accepted threshold allowed by the inter-
national Codex Standard and are no longer consid-
ered suitable for inclusion in the gluten free diet.
Parents and children with CD need to be taught to

Foods permitted Foods to avoid

Check ingredients

Milk, butter, cream, cheese

Meat, fish, eggs, pulses

Products with pastry, thickened gravies and

Cheese spreads, yoghurts, custard

Sausages, tinned meats

sauces, breadcrumbs, batter

Rice, corn (maize), buckwheat,
millet, tapioca, soya, gram flour,
arrowroot

Special gluten free flours,

breads, biscuits and pasta Shredded Wheat

Vegetables, potato, fruit and nuts Potato croquettes

Sugar, jam, honey, some chocolates  Liquorice

Tea, coffee, drinking chocolate,

fizzy drinks, juice, squash Barley water, beer

Wheat, rye, barley, bread, crumpets, cakes,
biscuits, crackers, crispbread, chapattis, nan
bread, pasta, noodles, semolina, couscous

Wheat based cereals, e.g. Weetabix,

Oats*

Corn and rice based cereals

Flavoured potato crisps, dry roasted nuts

Filled chocolates, boiled sweets

Malted milk drinks, e.g. Horlicks and Ovaltine

* Exclusion may be necessary.
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identify sources of the offending cereals in lists
of food ingredients. A recent change to the food
labelling legislation (Directive 2003/89/EC,
November 2005) means that all foods containing
gluten or wheat must be clearly labelled; exemp-
tions to ingredient listing of compound ingredients
have largely been abolished.

Children tend to be the highest consumers of
savoury snack foods and processed foods which
need to be excluded on this diet. The Food and
Drink Directory produced annually by Coeliac
UK and updated monthly on their website using
data from supermarkets and manufacturers is an
important resource for all individuals with CD.
Increased variety of foods allowed will improve
patient compliance. Young children should be
taught to check with parents before eating foods
outside the home or offered by siblings or friends.
Where possible meals should be prepared that are
suitable for the whole family so that the child does
not feel different. Children’s parties are a source of
concern to parents and the coeliac child should be
sent with suitable foods of their own to eat.

Commercially produced gluten free foods

A large number of proprietary gluten free foods are
available, some based on wheat starch. In ordinary
manufactured foods containing wheat starch the
latter is not pure enough to be included in a gluten
free diet. However, specially manufactured foods
that comply with the International Gluten Free
Standard up to 200 ppm (WHO Codex Alimentarius
1981) are suitable for inclusion in the diets of most
people with CD. A number of staple food items
have been passed as prescribable for patients with
CD by ACBS, while the more luxurious items such
as fruit cakes can be purchased via pharmacies
or health food shops. Some supermarkets produce
their own ranges of gluten free foods.

A prescribing guide for the gluten free diet
has been produced by BSPGHAN (British Society
of Paediatric Gastroenterology, Hepatology and
Nutrition) to define the minimum monthly gluten
free food prescription requirements for children
and adults with CD [32]. Good dietary compliance
is aided by the ease with which patients can obtain
suitable amounts of gluten free foods on prescrip-
tion. A large number of companies produce such
foods and a complete list can be found in the British

National Formulary (BNF) or in Coeliac UK’s Food
and Drink Directory. Products vary and patients
should be encouraged to try different food items.
Some of the larger companies will send newly diag-
nosed patients trial packs of their own products on
application.

Oats

The inclusion of oats in the gluten free diet remains
controversial. It is unclear whether the prolamin
in oats, called avenin, contains the amino acid
sequences that trigger the histological changes in
the small intestinal mucosa. The quantity of avenin
in oats is much less than the prolamins in other
cereals, thus a larger quantity of the product may
be required to produce an effect. Problems with
earlier studies included small patient numbers,
insensitive functional tests and small intestinal
biopsies which were often difficult to interpret [33].
Coeliac UK’s Medical Advisory Council published
interim guidelines stating that moderate amounts
of oats may be consumed by most adult coeliacs
without risk, although the situation is less clear
with children. Highly sensitised coeliacs should at
present not be allowed oats and patients should be
carefully followed up [34].

Two papers purport to show the safety of oats
when ingested by adults and children with CD. The
adult data showed no harm at 5 years, yet a signi-
ficant number (33%) of the original subjects did
not include oats in their diet during the follow-
up period [35]. The randomised double blind pae-
diatric study had a high number of withdrawals in
both the group that ate oats (26%) and those whose
diet remained free of oats (11%). At the end of the
study the children consuming oats were taking
smaller amounts than prescribed which, in some,
may have resulted in too little avenin to cause
an effect [36].

A further complicating factor is that oats can be
contaminated with wheat at various stages of pro-
duction: in fields, transportation, storage, milling
and processing. Care should therefore be taken to
avoid contaminated sources. The author’s current
practice is to initially advise avoidance of oats at the
start of the gluten free diet but to review this at a
later date once the patient is responding to the diet.
Oat products are now included in an appendix to
Coeliac UK’s annual food list.



Bone health

One of the main complications of CD in adults
is reduced bone mineral density leading to osteo-
porosis. It is unclear if this is caused by calcium
malabsorption for prolonged periods prior to
diagnosis. Studies in children found that while the
bone mineral content of coeliacs was significantly
lower than control subjects at diagnosis, after 1
year on a gluten free diet it had returned to normal.
The calcium intake of the children was not assessed
during this time [37]. Although there are no for-
mal recommendations it would appear sensible to
ensure that children’s intake is at least equal to
the RNI for calcium for their age [25]. Some gluten
free products are fortified with calcium.

Coeliac UK

This is an independent registered charity with
free membership which all parents of children
with CD should be encouraged to join. The society
acts as an invaluable resource on all aspects of
management of the gluten free diet including
topics as diverse as eating out to travelling abroad.
It also produces many helpful publications: www.
coeliac.co.uk.

Gluten challenge

ESPGHAN guidelines for the diagnosis of CD are
currently being reviewed to include up-to-date
serology testing. The 1990 guidelines state that
gluten challenge is only necessary when there is
some doubt at the time of initial diagnosis, for
instance if the initial biopsy was atypical or if a
gluten free diet was started before the biopsy with
a clinical response [31]. For challenge purposes
gluten can be introduced into the diet in two forms:
either as gluten powder that can be mixed in foods
such as yoghurt, or as gluten containing foods. Both
need to be given daily in sufficient amounts to
ensure an adequate challenge. Two slices of bread
a day for older children has been suggested by
one author [31]. The author’s practice has been to
give the children a normal diet for the duration
of the challenge. Parents are often anxious that the
inclusion of normal foods in the diet will make
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returning to gluten free diet difficult if the diag-
nosis of CD is confirmed. Reassurance is required
and an explanation of the procedure to the child is
very important in ensuring its success.

Associated food intolerances

Although a secondary disaccharidase deficiency
can be demonstrated at the time of diagnosis it is
rarely necessary to exclude lactose from the diet of
a newly diagnosed individual with CD. However,
some infants seem to be intolerant of cow’s milk
protein and benefit from a temporary dietary exclu-
sion in addition to avoidance of gluten. They should
be rechallenged with cow’s milk 2-3 months after
the commencement of the gluten free diet.

If patients remain symptomatic on a strict gluten
free diet it may be necessary to exclude products
containing traces of gluten such as gluten free
wheat starch and all foods containing malt extract
and flavouring. Patients responding to such dietary
manipulations are described as super-sensitive.

Carbohydrate intolerances

Sugar malabsorption increases the osmotic load of
GI fluid, draws water into the small intestine and
stimulates peristalsis, resulting in diarrhoea. The
severity depends on the quantity of ingested carbo-
hydrate, the metabolic activity of colonic bacteria
(which is reduced after antibiotic therapy) and the
absorptive capacity of the colon for water and short
chain fatty acids.

The infant is at a disadvantage compared with
the adult as the small intestine is shorter and the
reserve capacity of the colon to absorb luminal flu-
ids is reduced. Because of a faster gut transit time
there is less time for alternative paths of carbo-
hydrate digestion to be effective. The undigested
sugar is either excreted unchanged or is fermented
by bacteria in the colon to short chain fatty acids
and lactic acid.

Disaccharidase deficiencies

In the brush border of the small intestine there are
four disaccharidase enzymes, with the highest level
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Table 7.14  Brush border enzyme activity in the small
intestine.

Enzyme Substrate Product
Sucrase-isomaltase Sucrose Glucose
(accounts for 80% a1-6 glucosidic Fructose
maltase activity) bonds in starch

molecule

(approx. 25%)

Isomaltose

Maltose

Maltotriose
Maltase-glucoamylase Maltose Glucose
(accounts for 20% Maltotriose
maltase activity) Starch
Lactase Lactose Glucose

Galactose

Trehelase Trehalose Glucose

of activity occurring in the jejunum (Table 7.14).
Deficiencies of these enzymes can be primary in
nature resulting from a congenital enzyme defect
or can be secondary to some other Gl insult.

Congenital sucrase-isomaltase deficiency

Congenital sucrase-isomaltase deficiency (CSID) is
an autosomal recessively inherited disease which is
arare, but frequently misdiagnosed, cause of chronic
diarrhoea in infants and children. There is wide
phenotypic variation. All CSID patients have an
absence of intestinal sucrase activity; however,
isomaltase activity varies from very little to almost
normal. Although considered rare, the prevalence of
CSID may have been underestimated and it is likely
that the disease remains undiagnosed in numerous
patients with a history of chronic diarrhoea, some
of whom are diagnosed with CSID as adults.

While being breast fed or given a normal infant
formula the infant remains asymptomatic and
thrives. The introduction into the diet of starch or
sucrose in weaning foods, or the change in formula
to one containing sucrose or starch (found in pre-
thickened formulas), initiates symptoms. The clin-
ical presentation of CSID is very variable. Chronic
watery diarrhoea and failure to thrive are common
findings in infants and toddlers. A delay in the
diagnosis may be related to the empirical institu-
tion of a low sucrose diet by parents, which controls

Table 7.15 Low sucrose, low starch solids (<1 g/100 g).

Protein Meat, poultry, egg*, fish
Fats Margarine, butter, lard, vegetable oils

Vegetables ~ Most vegetables except potato, parsnip, carrot,
peas, onion, sweet potato, sweetcorn, beetroot
[39]

Fruits Initially use fruits with <1 g sucrose per 100 g

fruit (Table 7.16)

Most fruits contain negligible amounts of starch
Milk Breast milk, infant formula (free of glucose
polymer and sucrose)
Cow’s milk, unsweetened natural yoghurt,
cream
Marmite, Bovril, vinegar, salt, pepper, herbs,
spices, 1-2 teaspoons of tomato purée can be
used in cooking, gelatine, essences and food
colourings, sugar free jelly, sugar free drinks,
fructose, glucose

Others

* Soft eggs should not be given to babies under 1 year of age.

symptoms. Some children attain relatively normal
growth with chronic symptoms of intermittent
diarrhoea, bloating and abdominal cramps before
diagnosis. In older children such symptoms may
result in the diagnosis of irritable bowel syndrome.

One retrospective study suggests that a change
in infant feeding practices in the last 20 years has
resulted in the delayed introduction and decreased
ingestion of sucrose and isomaltose in infancy. This
has modified the course and the symptoms of the
disease resulting in milder forms of chronic diar-
rhoea which may not start until a few weeks after
the introduction of solids compared with a more
acute onset of symptoms previously observed [38].

Treatment

In the first year of life this usually requires the elim-
ination of sucrose from the diet. Starch is excluded
initially and then introduced to tolerance (Table
7.15). The lactose in normal infant formula, breast
milk and cow’s milk is tolerated.

Care needs to be taken to ensure an adequate
vitamin intake and it may be beneficial to continue
an infant formula after 1 year of age. All medica-
tions should be sucrose free; a suitable complete
carbohydrate free vitamin supplement is Ketovite
liquid and tablets.

With increasing age the tolerance of starch and
the lower sucrose containing foods should improve
until, by the age of 2-3 years, the restriction of



Table 7.16  Sucrose content of some common fruits (per
100 g edible portion) [39].

<1 gsucrose <3 g sucrose <5 g sucrose

Bilberries, blackcurrants, Gallia melon, Apples,
cherries, damsons, grapefruit, apricots,
gooseberries, grapes, kiwi fruit, oranges,
lemons, loganberries, passion fruit, clementines,
lychees, melon (except plums satsumas

Gallia), pears, raisins,
raspberries, redcurrants,
rhubarb,strawberries,
sultanas

starch should no longer be needed. Tolerance can
be titrated against dietary intake; if the capacity to
absorb carbohydrate is exceeded this will cause
osmotic diarrhoea or a recurrence of abdominal
symptoms. Reducing the carbohydrate to the pre-
viously tolerated level will result in normal stool
production. The sucrose content of fruits is shown
in Table 7.16. Fruits containing higher amounts of
sucrose can be added to the diet according to toler-
ance. If children have problems tolerating starch
in reasonable quantities, soy flour can be used in
recipes to replace wheat flour as it only contains
15 g starch per 100 g compared with 75 g per 100 g
in wheat flour. Parents need reassurance that occa-
sional dietary indiscretions will not cause long
term problems.

Newly diagnosed older children should initially
be advised to avoid dietary sources of sucrose only.
If this does not lead to a prompt improvement in
symptoms then the starch content of the diet can
be reduced, particularly those foods with a high
amylopectin content such as wheat and potatoes.
Advice needs to be given to increase energy from
protein and fat to replace the loss in dietary energy
from reducing carbohydrate foods. Glucose tablets
and Lucozade may be included in the diet. There is
an international support group that tracks children
with CSID and also provides further information
on this disorder: www.csidinfo.com.

Enzyme substitution therapy

Sacrosidase, a liquid preparation containing high
concentrations of yeast derived invertase (sucrase),
has been used with good results and is available on
prescription (Sucraid, Orphan Medical Inc). It is
stable if refrigerated and tasteless when mixed with
water. This formulation has also been shown to be
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resistant to acidic pH. Degradation by intragastric
pepsin is buffered by taking the enzyme with
protein foods. Unlike human intestinal sucrase-
isomaltase, it has no activity on oligosaccharides
containing a:1-6 glucosidic bonds.

A controlled, double blind trial of sacrosidase in
14 patients with CSID showed symptoms of diar-
rhoea, abdominal cramps and bloating were pre-
vented or ameliorated in patients consuming a
sucrose containing diet. The dosage recommended
is 1 mL with each meal in patients weighing <15 kg,
and 2 mL for those weighing >15 kg. This allows
the consumption of a more normal diet by children
with CSID and decreases the high incidence of
chronic gastrointestinal complaints seen in this
condition [40,41].

Lactase deficiency

Congenital lactase deficiency is very rare, the
largest group of patients being found in Finland.
Severe diarrhoea starts during the first days of
life, resulting in dehydration and malnutrition,
and resolves when either breast milk or normal
formula are ceased and a lactose free formula is
given (Table 7.3).

Primary adult type hypolactasia is found in a
large proportion of the world’s populations.
Lactase levels are normal during infancy but
decline to about 5-10% of the level at birth during
childhood and adolescence. These population groups
are common in East and South-East Asia, tropical
Africa and native Americans and Australians. The
age of onset of symptoms varies but is generally
about 3 years or later, and only if a diet containing
lactose is offered. In the majority of Europeans
lactase levels remain high and this pattern of a
declining tolerance of lactose with age is not seen.

In other ethnic groups with this problem a mod-
erate reduction of dietary lactose will be sufficient,
using either lactose reduced milks available from
the supermarket or soy milks. It is important to
ensure that children meet their requirements for
calcium.

Secondary disaccharidase deficiency

Carbohydrate malabsorption can occur secondary
to any insult causing damage to the GI mucosa.
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Table 7.17 Composition of Galactomin 19 per 100 mL.

Energy
Dilution =~ —— —  Protein CHO  Fat Na* K* Osmolality
(%) (kcal) (k) (g) (g) (mmol)  (mmol) (mOsm/kg H,0)
Galactomin 19 Formula 12.9 69 288 6.4 40 09 1.5 407

(Scientific Hospital Supplies)

This can present at any age, with onset of symp-
toms occurring shortly after the primary injury,
for instance in cow’s milk protein enteropathy,
rotavirus infection, Crohn’s disease, short gut
syndrome and immunodeficiency syndromes.

Lactase deficiency is the most common sec-
ondary enzyme deficiency to be seen, probably
because it has a lower activity than the other intest-
inal enzymes and is located on the distal end of the
villous tip making it more susceptible to damage.
However, a secondary sucrase-isomaltase defi-
ciency can also occur.

Treatment

Treatment is to eliminate the offending carbohy-
drates and treat the primary disorder causing the
mucosal damage. Clinical course depends on the
underlying disease but studies in infants with
rotavirus infections have shown an incidence of
30-50% lactose intolerance which recovers 2-4
weeks after the infection.

Children requiring a lactose free formula and diet
can use either lactose free, cow’s milk protein based
formula (Table 7.3) or soy formula (Table 7.5). A
milk free diet (Table 7.6) is necessary although
mature cheese can be included. Medications need
to be checked as these can contain lactose as a filler.

Monosaccharide malabsorption:
glucose—galactose malabsorption

This is an extremely rare congenital disorder result-
ing from a selective defect in the intestinal glucose
and galactose/sodium co-transport system in the
brush border membrane. Glucose, galactose, lac-
tose, sucrose, glucose polymers and starch are
all contraindicated in this disorder. It presents in
the neonatal period with the onset of severe,
watery, acidic diarrhoea leading to dehydration

and metabolic acidosis. It is a heterogeneous
condition in its expression and older children seem
to have considerable variation in their tolerance of
the offending carbohydrates.

Treatment

Initial intravenous rehydration is required. The use
of ORS, all of which are glucose or starch based,
is contraindicated. A fructose based complete in-
fant formula, Galactomin 19, should be introduced
slowly, initially as quarter and half strength formula
with intravenous carbohydrate and electrolyte
support, to avoid metabolic acidosis (Table 7.17).

Once the infant is established on feeds and gain-
ing weight, it is important to discuss with the
child’s doctor a suitable protocol for oral rehydra-
tion should the child become unwell. Plain water or
a 2-4% fructose solution can be given, but this does
not have the same effect on water absorption as
ORS. In severe infectious diarrhoea the infant may
need intravenous fluids.

Fructose is available on prescription for this con-
dition and can be used to sweeten foods for older
children and as an additional energy source. It is
important to ensure that all medicines are carbohy-
drate free.

Introduction of solids
Initially weaning solids should contain minimal
amounts of starch, sucrose, lactose or glucose
(Table 7.18). Manufactured baby foods are not suit-
able and it is necessary for weaning solids to be pre-
pared at home. All foods should be cooked without
salt and initially blended to a very smooth texture.
To save time parents can prepare foods in advance
and freeze in clean ice cube trays. Recipes are avail-
able from the author for egg custard sweetened
with fructose and for fructose meringues.

With increasing age children gradually begin to
absorb more of the offending carbohydrates due to



Table 7.18 Foods allowed in children with glucose-galactose
malabsorption (<1 g glucose and galactose per 100 g).*

Protein Meat, poultry, egg," fish

Fats Margarine, butter, lard, vegetable oils
Vegetables Ackee (canned), asparagus, bamboo shoots,
beansprouts (canned only), broccoli, celery,
cucumber, endive, fennel, globe artichoke,
lettuce, marrow, mushrooms, spinach, spring
greens, steamed tofu, watercress, preserved
vine leaves

Avocado pear, rhubarb, lemon juice
Galactomin 19 Formula

Marmite, Bovril, vinegar, salt, pepper, herbs,
spices, 1-2 teaspoons of tomato purée can be
used in cooking, gelatine, essences and food
colourings, sugar free jelly, sugar free drinks,
fructose

Fruits
Milk substitute
Others

* The lists of foods have been compiled calculating the
amount of glucose and galactose as: g starch + g glucose + g
lactose + 0.5 g sucrose [39].

* Soft eggs should not be given to babies under 1 year of age.

colonic salvage. The foods in Table 7.19 are
grouped to allow a gradual increase in the amount
of glucose and galactose in the diet. These lists can
be used as a guide by parents. Small amounts of
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new foods can be introduced cautiously and
increased as tolerated. Too much of these foods
will exceed the individual’s tolerance and cause
diarrhoea. In this situation the child should return
to the diet previously well tolerated and try intro-
ductions again a few months later.

Infants and children are very dependent on
Galactomin 19 to meet their requirements for
energy and parents should be encouraged to
continue this formula for as long as possible. It can
also be useful for older children entering adoles-
cence who find it difficult to meet their increased
energy requirements from eating a low starch diet.
If sufficient formula is taken a vitamin supplement
should not be needed.

Fat malabsorption
Intestinal lymphangiectasia

This is characterised by dilated enteric lymphatic
vessels which rupture and leak lymphatic fluid into
the gut, leading to protein loss. The presentation
is variable but diarrhoea and hypoproteinaemic
oedema are commonly seen. Failure to thrive can

Table 7.19  Glucose and galactose content of foods (per 100 g edible portion [39]).

1-2 g glucose + galactose

2-3 g glucose + galactose

3-5 g glucose + galactose

Protein
Quorn, all ‘hard’ cheeses, cream cheese,
brie, camembert

Vegetables

Aubergine, beans — french and runner,
brussel sprouts, cabbage, cauliflower,
celeriac, courgettes, gherkins (pickled),
leeks, okra, onions (boiled), green peppers,
radish, spring onions, swede, tomatoes
(including tinned), turnip

Carrots

Fruits
Gooseberries, redcurrants

Other
Ordinary mayonnaise (retail)
—not reduced calorie

Apples — cooking (sweeten with fructose
or artificial sweetener), blackberries,
loganberries, melon (all types), pears,
raspberries, strawberries

Double cream

Sugar snap peas, butternut squash,
mange tout

Apricots, blackcurrants, cherries,
clementines, peaches, pineapple,
grapefruit, nectarines, oranges,
satsumas, tangerines

Whipping cream
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also be a significant problem. Children usually pre-
sent in the first 2 years of life although cases diag-
nosed as late as 15 years of age are documented
[42]. The diagnosis is definitively established by
a small intestinal biopsy demonstrating the char-
acteristic lymphatic abnormality although, as the
lesion is a patchy one, negative biopsy does not
exclude the diagnosis [43]. Development of a video
capsule that passes through the small intestine will
aid diagnosis in this disorder.

Treatment

Treatment is by diet unless the lesion is localised
enough to allow surgical excision of the involved
part of the intestine. A reduced long chain triglyc-
eride (LCT) diet is needed to control symptoms.
This reduces the volume of intestinal lymphatic
fluid and the pressure within the lacteals. It is recom-
mended that the amount of LCT should be restricted
to 5-10 g/day [43]. A very high protein intake may
also be needed to maintain plasma levels of albumin.
Intakes of protein as high as 6 g/kg/day with suffi-
cient energy to ensure its proper utilisation have
been suggested, although these guidelines are not
evidence based. If the intestinal leakage can be
stopped by reducing the lymphatic flow then such
a high intake of protein should not be required.
Enteric protein loss can be monitored by measuring
faecal o -antitrypsin levels. MCT can be used as an
energy source and to increase the palatability of the
diet as these are absorbed directly into the portal
system and not via the lymphatics.

Suitable feeds in infancy and early childhood
are Monogen, MCT Step 1 or Caprilon, the first two
being preferable because of their higher protein
and energy content and lower LCT content (Table
7.20). If additional protein needs to be given to

maintain plasma albumin levels, this can be added
to a complete feed (e.g. or Vitapro). The fat and
electrolyte content of these products should be
calculated in addition to the quantities supplied by
the feed.

Minimal fat diet

Minimal fat weaning solids should initially be
introduced and gradually expanded aiming to
keep the total LCT intake below 10 g/day, certainly
in the first 2 years of life. Details of minimal fat diets
are given elsewhere (see pp. 251, 427). Attention
needs to be given to protein intake and extra very
low fat, high protein foods may be included.

As the problem is life-long it is necessary to con-
tinue dietary restrictions, certainly until the end of
the pubertal growth spurt, although maintaining
such a low intake of fat becomes increasingly dif-
ficult as the child becomes older. There is no infor-
mation about the degree of fat restriction required
in older children and some relaxation of the diet
should be possible so long as symptoms are con-
trolled and growth is adequate. Nutritional supple-
ments such as Build Up made with skimmed milk,
Fortijuce, Enlive Plus and Provide Xtra may be
useful to ensure adequate protein intake in older
children (see Table 11.3).

As the dietary restrictions are long term it is par-
ticularly important to ensure that the recom-
mended amounts of essential fatty acids (EFAs) are
included in the diet once the volume of complete
infant formula is reduced. Walnut oil provides the
most concentrated source of EFAs and can be given
as a measured amount as a dietary supplement
daily. Recommended amounts would be at least 0.1
mL per 56 kcal (234 k]) provided from foods and
drinks not supplemented with EFAs (see p. 427);
however, there are no data as to how well this is

Table 7.20 Composition of minimal fat, cow’s milk protein based infant formulas per 100 mL.

Energy

Dilution ——— Protein CHO Fat Na* K* Osmolality

(%) (kcal) (k) (g (g) (g) (mmol) (mmol) (mOsm/kg H,O)
Monogen (Scientific  17.5 74 310 2.0 12.0 2.0 1.5 1.6 280
Hospital Supplies) (90% MCT)
MCT Step 1 17.5 7.4 310 2.1 12.0 2.1 1.4 1.6 238
(Vitaflo) (90% MCT)
Caprilon (Scientific ~ 12.7 66 275 1.5 7.0 3.6 0.8 1.7 233
Hospital Supplies) (12% lactose)  (75% MCT)

MCT, medium chain triglycerides.



absorbed in this disorder. It may be prudent to give
double the normal amount of walnut oil as a
divided dose mixed with food or as a medicine.
This needs to be included in the daily fat allowance.

Fat-soluble vitamin supplements (A, D, E) to
meet at least the RNI for age should be given
separately. If the above nutritional supplements
are used they are fortified with these vitamins so
separate vitamin supplements may not be required.
Blood levels should be monitored at outpatient
clinics.

Neonatal enteropathies and
protracted diarrhoea

The causes of protracted diarrhoea in the first few
months of life are mostly post-infectious entero-
pathies and food allergic enteropathies. Rare, and
usually early onset, causes include microvillous
inclusion disease, tufting enteropathy and auto-
immune enteropathy [44]. Congenital glucose—
galactose malabsorption, congenital chloride losing
diarrhoea and congenital sodium losing diarrhoea
will also manifest from birth, although villus mor-
phology is normal in these babies.

Microvillous inclusion disease is a severe and
intractable enteropathy that requires parenteral
nutrition (PN) for fluid and nutritional mainten-
ance. The genetic basis is unknown and for some
reason it does not manifest in utero with hydram-
nios (as a result of intrauterine diarrhoea), but
becomes apparent usually in the first few postnatal
days. A late onset presentation is also recognised.
Microvillous atrophy is almost invariably fatal with-
out the intervention of PN or intestinal transplanta-
tion. Early onset syndromes are characterised by
secretory diarrhoea (typically 200-250 mL/kg/day)
and intolerance of any oral nutrition. Many babies in
this group have early onset cholestatic liver disease.

Tufting and auto-immune enteropathies have a
better outcome. Infants require PN support, but
there appears to be a range of severity in these dis-
orders with some children becoming less depen-
dent on, and even stopping PN as they progress
through childhood. The enteral management of
tufting enteropathy is limited to the exclusion
of major food allergens if there is concurrent
inflammation in the gut biopsies. Auto-immune
enteropathies are usually treated with immuno-
suppression, hypoallergenic feeds and dietary
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exclusion, but where there is evidence of an under-
lying primary immunodeficiency haematopoietic
stem cell transplantation might be considered.

Modular feeds for use in intractable
diarrhoea or short gut syndrome

Intractable diarrhoea can be defined as chronic
diarrhoea in the absence of bacterial pathogens
of >2 weeks’ duration, together with failure to
gain weight. Some infants with severe enteropa-
thy or short gut syndrome fail to respond to feed
manipulation using protein hydrolysates or amino
acid based formulas as previously described and a
modular feed becomes the feed of choice [45]. This
allows individual manipulation of ingredients result-
ing in a tailor-made feed for a child. Careful assess-
ment and monitoring is important to prevent nutri-
tional deficiencies and to evaluate the response to
feed manipulation. This approach can also assist in
the diagnosis of the underlying problem.
Theories as to why modular feeds work include:

e The omission of an ingredient that is poorly
tolerated

e The very slow mode of introduction which
allows time for gut adaptation to take place

e Thedelay in adding fat to the feed (traditionally
the last ingredient to be added) which may alter
the inflammatory response in the gut

None of these theories have been proven but clin-
ical experience has demonstrated the approach can
be effective.

Feed ingredients

Some of the possible choices of feed ingredients
and their advantages and disadvantages are listed
in Tables 7.21-7.24. Before starting there needs to be
a discussion with the medical staff regarding the
appropriate feed composition for the individual
baby and to establish good medical support for the
dietitian managing the baby’s nutrition. The aim is
to produce a feed that is well tolerated and meets
the infant’s nutritional requirements. The follow-
ing parameters need to be considered:

e Total energy content and appropriate energy
ratio from fat and carbohydrate
e Protein, both type used and quantity
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Table 7.21 Protein sources for use in modular feeds.

Suggested Protein

dilution equivalent ACBS
Product Protein type (g/100 mL)*  (g/100 mL) prescribable  Comments
Hydrolysed Whey Protein/ Hydrolysed 4 2 N At this dilution:
Maltodextrin Mixture (SHS) whey 1.5 g glucose polymer

0.8 mmol Na+0.6 mmol K

Pepdite Module (Code 767) Hydrolysed pork 2.5 2.2 N At this dilution:
(SHS) and soya 1 mmol Na+ 0.4 mmol K
Complete Amino Acid Mix L-amino acids 2.5 2.0 N Amino acids increase feed
(SHS) osmolality

No electrolytes

ACBS, Advisory Committee on Borderline Substances.

* This is a suggested dilution only. Quantities can be varied according to the desired protein intake, age of child and feed tolerance.

Table 7.22 Carbohydrate sources for use in modular feeds.

Suggested
concentration ACBS

Product (g/100 mL) prescribable Comments

Glucose polymer,* 10-12 Y Carbohydrate of choice as has the lowest osmolality

e.g. Maxijul (SHS),

Polycal (Nutricia)

Glucose 7-8 Y Use when glucose polymer intolerance is present.
A combination of the two monosaccharides can be
used to utilise two transport mechanisms

Fructose 7-8 Y Monosaccharides will increase final feed osmolality

ACBS, Advisory Committee on Borderline Substances.

* Intolerance to glucose polymers has been documented in the literature [46]. This may be caused by a deficiency of pancreatic
amylase or of the disaccharidase glucoamylase. Monosaccharides become the carbohydrates of choice in this situation. It may be

possible to use sucrose as an alternative carbohydrate.

Table 7.23 Fat sources for use in modular feeds.

Suggested
concentration
Product (g/100 mL*) Comments
Calogen (canola, sunflower oil emulsion)  6-10 Contains linoleic acid (C18 : 2) + a-linolenic acid (C18 : 3)
(SHS)
Liquigen (MCT emulsion) 4-8 MCT increases feed osmolality. Does not contain EFAs
(SHS)
Vegetable oils, e.g. olive, sunflower* 3-5 Not water miscible. An emulsion can be prepared by mixing 50 mL

oil with 50 mL water and liquidising with 1-2 g gum acacia

EFA, essential fatty acids; MCT, medium chain triglycerides.
* The amount of fat used will depend on tolerance.

* These ingredients are not Advisory Committee on Borderline Substances (ACBS) listed.



Table 7.24 Vitamins and mineral supplements for use in
modular feeds.

Provide electrolytes. Does not
contain selenium or chromium.
Vitamins should be given
separately

Recommended dose of MMM is
1 g/100 mL up to a maximum

8 g dose. Doses >1.5 g/kg body
weight/day may result in
excessive electrolyte intake

Metabolic Mineral Mixture
(SHS) + Ketovites

5 mL liquid + 3 tablets
(Paines and Byrne)

Paediatric Seravit (SHS) Contains glucose polymer which
may be contraindicated.

Does not contain electrolytes

e Essential fatty acid intake

e Full vitamin and mineral supplementation,
including trace elements

e Suitable electrolyte concentrations

e Feed osmolality

Practical details

e Accurate feed calculation and measurement of
ingredients is required to make the necessary
small daily feed alterations. Scoop measurements
are not accurate enough and ingredients should
be weighed on electronic scales.
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e Infants with protracted diarrhoea or short gut
syndrome will tolerate frequent small bolus
feeds given 1-2 hourly, or continuous feeds via
anasogastric tube, better than larger bolus feeds.

e Attention needs to be given to the combina-
tion of ingredients as these will affect the feed
osmolality. The smaller the molecular size the
greater the osmotic effect. Most hospital chem-
ical pathology laboratories will analyse feed
osmolality on request.

e Infants requiring a modular feeding approach
will have high requirements for all nutrients.

e Paediatric Seravit and Metabolic Mineral
Mixture used in conjunction with a fat emul-
sion, such as Calogen or Liquigen, causes the
fat to separate out. For feeds given as a con-
tinuous infusion it is recommended that these
products are administered separately.

Introduction of modular feeds

Depending on the clinical situation feeds are often
introduced very slowly and the concentration of
the individual components are gradually increased
(Table 7.25). Occasionally, if an infant is already
taking a full strength complete feed such as
Neocate and the necessary dietary change is to use
a modular feed with, say, the same profile as

Table 7.25 Example of slow introduction of a modular feed based on complete amino acid mix.

Complete amino

Time acid mix NaCl/KCI Maxijul Liquigen* Volume
Day 1-3 1/2 strength increasing Full strength 4% Nil As prescribed*
to full strength
Day 4-9 Full strength Full strength Increase in 1% Nil No change
increments
daily to total
of 10%
Day 10-15 Full strength Full strength 10% Add in 1% No change
increments
to 6%
Day 16* Full strength Full strength 10% 6% Increase volume

A vitamin and mineral supplement such as Paediatric Seravit is required to make a complete feed. This should be administered
separately if the feed contains a fat emulsion and is being fed continuously.

* Liquigen does not contain EFAs. This feed needs walnut oil given separately.

*1f the child is having total parenteral nutrition (TPN) 10-20 mL/kg/day of feed should be given until a full energy feed is
established, after which the feed volume can be increased in 2-5 mL/kg daily increments and the parenteral nutrition reduced in

tandem.
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Neocate with the exception of MCT as the source of
fat rather than the usual LCT, then the modular
feed may be started at full strength rather than
going through this slow increase in concentration.

e Before starting a modular feed it is necessary
to assess the infant’s symptoms and current
nutritional support. If PN is not available feeds
should be introduced more rapidly to prevent
long periods of inadequate nutrition.

e In the absence of intravenous glucose, the car-
bohydrate content of the feed should never
be less than 4 g/100 mL because of the risk of
hypoglycaemia. A higher percentage of energy
from fat than from carbohydrate may result in
excessive ketone production.

e An example of the slow introduction of an
amino acid based modular feed (Tables 7.25 and
7.26) can be applied to other protein sources.
Suggested incremental changes can take place
every 24 hours. If well tolerated this process can
be accelerated.

e The infant’s response to each change of feed
should be assessed daily before making any fur-
ther alterations. Where possible making more
than one alteration at a time should be avoided.

Preparing and teaching for home

After a period of time on a modular feed it may be
worth trying a nutritionally complete feed again to
see if this is now tolerated. The formula nearest in
composition to the modular feed should be chosen
and challenged slowly. If this is not possible, the
aim should be to simplify feed ingredients as much
as possible for home.

e Ingredients need to be converted into scoop
measurements, using the minimum number of
different scoops possible to avoid confusion, or
scales can be used that measurein 1 g increments.

e A 24-hour recipe should be given to reduce
inaccuracies in feed reconstitution, paying due
care to issues of hygiene and refrigeration of feed
until it is used. It is important to demonstrate
the method for making the feed to the infant’s
carers on at least one occasion before discharge.

e Consideration should be given to providing a
laminated recipe and wipe off pen for home use.

e Not all the suggested ingredients for modular
feeds are ACBS listed. A separate letter to the
child’s general practitioner will be needed to
arrange a supply of the product. A supply of these
items may need to be given from the hospital.

Introduction of solids

Solids should preferably be introduced after the
infant or child is established on a nutritionally com-
plete feed. The restrictions imposed will depend on
the underlying diagnosis. Often it is necessary to
introduce food items singly to determine tolerance
of different foods.

Inflammatory bowel disease
Crohn’s disease

Crohn’s disease (CrD) is caused by a chronic trans-
mural inflammatory process that may affect any

Table 7.26  Example of a full strength modular feed using Complete Amino Acid Mix (per 100 mL).

Energy
(kcal) (k) Protein (g) CHO (g) Fat (g) Na*(mmol) K*(mmol)
2.5 g Complete Amino Acid Mix 8 34 2 - - _ _
10 g Maxijul 38 160 - 9.5 - - _
6 mL Liquigen 27 113 - - 3 0.1 -
1.4 mL NaCl (1 mmol/mL) - - - - — 1.4 _
0.8 mL KCI (2 mmol/mL) - - - - - — 1.6
Final feed/100 mL 73 307 2 9.5 3.0 1.5 1.6

A vitamin and mineral supplement such as Paediatric Seravit is required to make a complete feed. This should be administered
separately if the feed contains a fat emulsion and is being fed continually.



part of the GI tract from the mouth to the anus. It
is an extremely heterogeneous disorder with great
anatomical and histological diversity. The small
intestine is involved in 90% of cases. The aggres-
sive inflammatory process can cause fibrosis of the
small bowel, stricture formation and ulceration
leading to fistula formation. The aetiology of CrD is
not yet fully understood but is now thought to be
the result of an inappropriate immune response to
the antigens of the normal bacterial flora in a genet-
ically susceptible individual [47].

The presentation of CrD in children depends
largely on the location and extent of the inflam-
mation. In most cases it is insidious in onset with
non-specific GI symptoms and growth failure
often leading to an initially incorrect diagnosis [48].
It can also be associated with other inflammatory
conditions affecting the joints, skin and eyes.

Over time, the disease causes nausea, anorexia
and malabsorption. The mean energy intake of
patients with active CrD has been found to be up to
420 kcal/day (1.75M]/day) lower than in age-
matched controls [49]. The energy and protein
deficit is reflected as weight loss (occurring in over
80% children) and a decreased height velocity [50].
Growth failure occurs in 15-40% children with
CrD. In addition to a reduced oral intake, the pro-
inflammatory cytokines that are increased in CrD
have been shown to adversely affect growth [51].
Specific nutrient deficiencies such as calcium,
magnesium, zinc, iron, folate, B;, and fat-soluble
vitamins are common findings. During periods of
active inflammation there is often enteric leakage
of protein resulting in hypoalbuminaemia. Accom-
panying this is retarded bone mineralisation and
development and delayed puberty [52,53].

Treatment

CrDis a chronic and as yet incurable disease and its
management requires a combination of nutritional
support, judicious use of drugs and appropriate
surgery.

Enteral feeds as primary therapy

Nutrition as a treatment for CrD was identified in
the 1970s. Since then many trials have been com-
pleted with the aim of establishing its efficacy as
a primary therapy. These have compared enteral
feeds with corticosteroids, a pharmacological treat-
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ment known to be effective in the treatment of CrD.
They have also compared the effectiveness of dif-
ferent types of feed (elemental, hydrolysate and
polymeric).

A systematic review published in 2001 aimed
to evaluate the available evidence. The authors
concluded that steroids were more effective than
enteral nutrition in inducing remission in active
CrD, although the latter was effective in inducing
disease remission in a significant number of patients.
There was no evidence to support an advantage of
elemental formulas, the traditional feeds used in
CrD, over polymeric (whole protein) feeds [54].

Confounding factors were that in adult studies,
nasogastric tubes are not used in patients unable to
complete the enteral feeds orally, which affected
the results on an intention to treat basis. A CrD
activity index has been used to assess clinical
response to treatment. These indices are based on a
combination of clinical and biochemical data and it
is known that steroids favour the clinical index as
they cause a feeling of wellbeing in patients [47]. A
less rigorous meta-analysis of paediatric trials sug-
gested that nutritional treatment and steroids were
equally effective in children [55].

Although it is agreed that enteral feeds work for
a significant number of patients, their mode of
action is still not understood. Hypotheses include:

e Improvement in mucosal permeability leading
to decreased antigen uptake and less stimula-
tion of the gut-associated immune system

e Improved cell-mediated immunity

Nutritional repletion in a malnourished patient

e Reduction in the intestinal synthesis of inflam-
matory mediators secondary to the low LCT
content of some feeds used

e Altered bowel flora

Modulen IBD is a feed that has been designed
specifically for patients with CrD. This has reported
immunomodulatory effects brought about by the
presence of transforming growth factor B (TGF-B),
an anti-inflammatory cytokine present in casein.
There are no published trials to date comparing this
feed with other polymeric feeds.

The current evidence for enteral feeds as a treat-
ment in active CrD is far from clear [50]. Most
paediatric centres use enteral feeds as a primary
therapy despite the increased cost compared with
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steroids and the potential difficulty following the
treatment prescribed. As children with CrD are
often chronically malnourished, enteral feeds are
important for nutritional repletion. Feeds are also
preferable as a first line of treatment because of the
deleterious effect of steroids on growth. There is
currently only low quality evidence to confirm the
benefits of feeds on growth in children [51].

Protocol for enteral feeding in Crohn’s disease
Although there is convincing evidence that poly-
meric feeds are as effective a treatment as hydro-
lysate or elemental feeds, the author’s current
protocol uses two different feed types, the choice of
which is decided by a history of atopy in either the
patient or first degree relatives. For those patients
with no history suggestive of possible food allergy,
a polymeric, whole protein, casein based feed is
used while in the atopic individuals a feed based on
amino acids is used. Polymeric feeds have the
advantage of being more palatable and are cheaper
than the elemental alternatives.

Stopping food during the treatment period has
been previously recommended without any sup-
portive evidence. A recent randomised paediatric
study compared children having 100% nutrition
from enteral feeds (total enteral nutrition, TEN)
with a second group who received 50% of their
requirements from feeds and were allowed to eat
normally (partial enteral nutrition, PEN). On analy-
sis, nutritional parameters improved equally in
both groups; however, blood indices of inflamma-
tion failed to improve in the PEN group, showing
that significant amounts of food affects the anti-
inflammatory response to enteral feeds [56]. The
effect of allowing small amounts of food while hav-
ing 100% nutritional requirements from feeds has
never been examined.

For all feeds the following protocol can be
applied:

e Feeds should be gradually introduced over 3-5
days depending on symptoms.

e Theenteral feed should provide complete nutri-
tion for a 4—8 week period. If the feed is well tol-
erated but the child has difficulty managing the
volume, the concentration of powdered feeds
may be increased to decrease the volume of
enteral feed required.

e C(lear fluids, boiled sweets and chewing gum
are allowed orally by some centres to improve
compliance.

e All solid food should be stopped for the dura-
tion of the treatment.

As patients with CrD are generally adolescents
they find this particularly difficult and require a
high degree of support and motivation to complete
the treatment. Despite this, feeds are well tolerated
by most patients and the full 6 weeks generally
adhered to, with 72% of patients in one study
reporting it as a preferred treatment or as accept-
able as steroid therapy [57].

If the patient is sure that they will be able to man-
age orally, feeds can be introduced at home. If a
nasogastric feeding regimen is required this is best
started as an inpatient. Once the feed choice and
prescribed volumes have been decided the aim is to
give as much control to the patient as possible.
Feeds should be tried orally with different flavour-
ings and the volume required daily explained care-
fully. Patients are given the option of drinking the
feed or using a nasogastric tube. If the former is
decided on it is important that they understand that
the prescribed volume needs to be completed every
day as compliance can become an issue. If a tube is
chosen patients are taught to pass this each night
and remove it in the morning to cause minimum
inconvenience to their daily routine. Some patients
choose to drink the full volume even of hydrolysate
feeds; others opt for a combination approach (a
percentage orally and the remainder via the tube);
some opt for solely nocturnal nasogastric feeds.

Nutritional requirements and monitoring

Most studies have failed to show increased basal
energy requirements in patients with CrD unless
the patient has a fever [52,58]. A recent study con-
firmed that measured resting energy expenditure
(REE) in children with CrD fed with PN correlated
well with the predicted REE using FAO/WHO/
UNU equations and was not increased [59]. How-
ever, a prospective study showed that the median
energy intake of enterally fed children with CrD
was 117.5% of estimated average requirement
(EAR) for energy for age [60].

The initial aim should be to provide 100-120%
EAR for age for energy and the RNI for protein
from the full feed, checking that all vitamins and
minerals are present in amounts at least equivalent
to the RNI [25]. It should be explained that childen
are allowed to take a larger feed volume if they
are still hungry. They should be weighed weekly
and monitored by telephone contact. A follow-up



appointment should be arranged 2-3 weeks after
discharge to ensure that the patient is responding
to treatment and that weight gain is being achieved.

Introduction of foods and discontinuation of feeds
There is no agreement about the best methods of
food introduction to patients completing a period
of enteral feeds. In the UK, two main centres
have published data with conflicting results. The
East Anglian study found that a large number of
patients were food intolerant, the most common
foods cited as causing problems being corn, wheat,
yeast, egg, potato, rye, tea and coffee [61]. This trial
has been criticised as patients only completed 2
weeks of an elemental diet before foods were intro-
duced which would not have been long enough to
allow for full disease remission. This approach has
been modified and a reduced allergen, low fat, low
fibre diet devised to be introduced at the end of the
2-3 week period of enteral feeds with subsequent
food reintroductions [62].

The group at Northwick Park Hospital intro-
duced foods singly over 5-day periods after 4-8
weeks on complete enteral feeds. Food sensitivities
could only be identified in 7% of the patients by
double blind challenge. Most importantly, there
was no significant difference in the duration of
remission between patients who did or did not
identify food sensitivities [63].

Beattie and Walker-Smith [64] concluded that
neither study confirmed that intolerance to food-
stuffs is seen in CrD and that no particular foods are
known to exacerbate symptoms in a large group
of patients.

Until there is further evidence it would appear
prudent to reduce feed volume over a period of 2—4
weeks and gradually introduce a normal diet,
ensuring that continued weight gain is maintained.
Single food introductions do not seem worthwhile
in the majority of patients and merely prolong the
resumption of a normal diet. Patients found to be
atopic and requiring a hydrolysate or amino acid
based feed should be advised to exclude suspected
food allergens, ensuring an adequate energy and
calcium intake. Patients with a tight stricture in the
ileum may require a low fibre diet to control symp-
toms until the stricture is surgically removed.

Long term outcome in Crohn’s disease

Some patients require continued nutritional sup-
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port either by nasogastric tube, gastrostomy or
orally if appetite remains poor. It has also been
reported that continued use of supplementary
feeds in addition to a normal diet is associated
with prolonged periods of disease remission and
improved linear growth [57,65]. Studies have not
been randomised and patient numbers are small.
This is not current practice in UK centres at the time
of writing.

A pilot study looking at quality of life (QOL) in
a small group of children with apparently stable
disease showed the impact of CrD. Difficulties in
taking holidays, staying at friends’ houses and
inability to engage in school sports (because of lack
of energy or presence of a stoma) were reported as
well as frequently missing school. Future studies of
treatment in children should attempt to assess the
impact on the child’s health-related QOL [66].

Ulcerative colitis

Like CrD, ulcerative colitis (UC) is a chronic, relaps-
ing, inflammatory disease of the intestine which
is confined to the colonic and rectal mucosa. It
also has an unknown aetiology with evidence for
an inherited predisposition to the disease along-
side other, possibly environmental, factors. Tissue
injury is most likely a result of non-specific activa-
tion of the immune system with some evidence that
this has an auto-immune aetiology.

Drug therapy is used to induce and maintain dis-
ease remission. There is no evidence to support the
use of enteral nutrition as a primary therapy in UC.
The nutritional problems found in CrD are not as
severe in UC because of the lack of involvement of
the small intestine [53].

Nutritional support is needed if there is growth
failure or weight loss and this can be given as a high
energy diet and oral sip feeds.

Disorders of altered gut motility
Gastro-oesophageal reflux

Gastro-oesophageal reflux (GOR) refers to the
inappropriate opening of the lower oesophageal
sphincter (LOS) releasing gastric contents into the
oesophagus. It is not a diagnosis and can be caused
by differing pathologies. Approximately 50% of
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infants regurgitate at least once a day and, in the
majority of children, this can be considered as an
uncomplicated self-limiting condition which spon-
taneously resolves by 12-15 months of age. This is
because of the lengthening of the oesophagus
and the development of the gastro-oesophageal
sphincter.

More severe forms of this problem are found
when an infant with regurgitation does not
respond to simple treatment and develops gastro-
oesophageal reflux disease. Acid induced lesions
of the oesophagus and oesophagitis develop and
are associated with other symptoms such as failure
to thrive, haematemesis, respiratory symptoms,
apnoea, irritability, feeding disorders and iron
deficiency anaemia. GOR is a common finding
in infants with neurological problems.

Treatment

Parental reassurance is very important and may
preclude the need for any other measures. How-
ever, recurrent symptoms of inconsolable crying
or irritability, feeding or sleeping difficulties,
persistent regurgitation or vomiting may lead to
unnecessary parental distress, recurrent medical
consultations and may need further treatment.

Positioning

Postural treatment of infants has been demon-
strated to help and a prone elevated position at 30°
is the most successful in reducing GOR [67]. It is no
longer possible to recommend this as several stud-
ies have shown an increased risk of sudden infant
death syndrome (SIDS) in the prone sleeping posi-
tion. It also requires the purchase of a special cot in
which the baby has to be tied up to be kept in place,
which is not always possible [68]. A systematic
review concluded that raising the head of the cot
was not beneficial to infants lying in the supine
position [69]. A more practical approach is to avoid
positions that exacerbate the situation. Young
infants tend to slump when placed in a seat, which
increases pressure on the stomach and makes the
reflux worse. It is better to place them in a seat that
reclines or to lie them down.

Feeding
The infant must not be overfed and should be
offered an age-appropriate volume of milk. Small

volume, frequent feeds may also be beneficial by
reducing gastric distension (e.g. 150 mL formula/
kg/day as 67 feeds). In practice frequent feeds
may be difficult for parents to manage and reduced
feed volumes may cause distress in a hungry baby.

The use of feed thickeners has been proven to
reduce vomiting in infants, although pH monitor-
ing shows that the gastro-oesophageal reflux index
is not reduced [69,70]. Thickeners are well tolerated
with very few side effects reported and should be
used as a first line treatment in infants with regurgi-
tation [68,69]. Caution has been urged by ESPGHAN
that the indiscriminate use of thickening agents
and pre-thickened formula should be avoided in
healthy thriving infants who spit up feeds as the
effects on nutrient bioavailability, metabolic and
endocrine responses and frequency of allergic
reactions to thickening agents are unknown [71].

Enfamil AR and SMA Staydown are nutrition-
ally complete pre-thickened infant formulas based
on cow’s milk protein and are available on pre-
scription (ACBS). Enfamil AR contains a high
amylopectin, pre-gelatinised rice starch. It should
be made with boiled water that has been cooled to
room temperature to avoid lumps forming and the
bottle then requires rolling between the hands to
ensure proper mixing. SMA Staydown contains
pre-cooked cornstarch and should be mixed with
cold, previously boiled water. Both feeds thicken
on contact with the acid pH of the stomach. The EC
Scientific Committee for Food has accepted the
addition of starch to a maximum of 2 g/100 mL in
infant formula. Recommendations suggest that
labelling should make it clear that ‘AR’ stands for
‘Anti-Regurgitation” and not for “‘Anti-Reflux’ [72].

A variety of manufactured feed thickeners are
on the market in the UK, based either on carob
seed or modified maize starch (Table 7.27). Of the
former, Instant Carobel has an advantage over
Nestargel in that it thickens the feed without the
need to be cooked. The complex carbohydrates in
both products are non-absorbable and can lead, in a
minority of infants, to the passage of frequent loose
stools. Both products have the added flexibility of
being mixed as a gel and fed from a spoon before
breast feeds.

Where failure to thrive is a problem a starch
based thickener can be used to provide extra
energy. The lowest amount of thickener recom-
mended should be added initially and the amount



Table 7.27 Feed thickeners for use in infancy available in the UK.
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Added energy
Suggested per 100 mL
dilution ACBS
Product (Manufacturer) Thickening agent (g/100 mL) (kcal) (kJ) prescribable
Instant Carobel (Nutricia Clinical) Carob seed 1-3 3-8 13-33 Y
Nestargel* (Nestlé) Carob seed 0.5-1 Negligible Y
Thick and Easy (Fresenius Kabi) Pre-cooked 13 412 17-50 vt

Thixo-D (Sutherland)

Vitaquick (Vitaflo) maize starch

ACBS, Advisory Committee on Borderline Substances.
* Product requires cooking before use.
* Only prescribable for <1 year in cases of failure to thrive.

gradually increased to the maximum level if there
is no resolution of symptoms. Feeding through a
teat with a slightly larger hole, or a variable flow
teat, is recommended. Ordinary cornflour can also
be used as a thickening agent for infant feeds but
has the inconvenience of requiring cooking. This
should be done in approximately half of the vol-
ume of water required for the final feed recipe and
cooled before the formula powder is added. Such
feeds generally require sieving before use.

Comfort First Infant Milk and Follow-on Milk
are thickened infant and follow-on formulas made
from partially hydrolysed whey protein that con-
tain prebiotic oligosaccharides. They are designed
for bottle fed babies with minor feeding problems.

Food allergy

In more complicated GOR that fails to respond to
simple treatment, a therapeutic change of formula
should be considered as it has been demonstrated
that GOR can be secondary to food allergy. Two
studies have demonstrated that 30-40% of infants
with GOR resistant to treatment have cow’s milk
allergy, with symptoms significantly improving on
a cow’s milk protein free diet [73,74]. In food sensi-
tive patients cow’s milk has been shown to cause
gastric dysrhythmia and delayed gastric emptying
which may exacerbate GOR and induce reflex vom-
iting [75]. The use of protein hydrolysate feeds in
these infants for a trial period should be considered
as a treatment option (Table 7.7).

Medical treatment

Medications that can be used to treat GOR range

from antacids to H, antagonists, such as ranitidine
which reduces gastric acid secretion; proton pump
inhibitors such as omeprazole; and prokinetic
agents, such as domperidone, which elevates the
LOS pressure and increases gastric emptying. A
combination of these is often given to control
symptoms.

In extreme cases that do not respond to the
above treatments, surgery may be needed to correct
the problem. A fundoplication which wraps the
fundus of the stomach around the LOS creates
an artificial valve and prevents GOR (see p. 129).
A gastrostomy is usually inserted for venting gas
from the stomach and, occasionally, for feeding
purposes. There is considerable morbidity associ-
ated with this operation.

Feeding problems in GOR

Feeding difficulties are common in this disorder
and are characterised by oral motor dysfunction,
episodes of dysphagia and negative feeding experi-
ences by both mother and baby. Infants with GOR
are significantly more demanding and difficult to
feed and have been found to ingest significantly
less energy than matched infants without GOR
[76]. These problems often persist after medical
or surgical treatment with the continuing aversive
behaviour being caused by associating pain with
previous feeding experiences.

Where there are severe feeding problems it may
be necessary to instigate feeding via a nasogastric
tube or gastrostomy to ensure an adequate nutri-
tional intake. Wherever possible an oral intake,
however small, should be maintained to minimise
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later feeding problems. The child’s feed should
be administered as oral or bolus day feeds with
continuous feeds overnight at a slow rate to avoid
feed aspiration. The feed volume may need to be
reduced below that recommended for age to ensure
tolerance, with feeds fortified in the usual way to
ensure adequate nutrition for catch-up growth. If
using a fine bore nasogastric tube to administer
bolus feeds, thickening agents should be kept to the
minimum concentration recommended to prevent
the tube blocking and an inappropriate length of
time being taken to administer the feed. There is no
evidence that reduced fat feeds promote gastric
emptying and reduce GOR in these infants [72].

The requirement for tube feeding can continue
for prolonged periods of time, as long as 36 months
in one study [77]. Parents of infants with feeding
problems secondary to GOR need a great deal of
support. Optimal management should employ a
multidisciplinary feeding disorder team including
a psychologist with experience of children with
these problems, a paediatrician, a dietitian and a
speech and language therapist.

Constipation

Constipation is a symptom rather than a disease
and can be caused by anatomical, physiological or
histopathological abnormalities. Idiopathic consti-
pation is not related to any of these and is thought
to be most often caused by the intentional or sub-
conscious withholding of stool after a precipitat-
ing acute event. Constipation has been found to
account for 3% of visits to general paediatric out-
patient clinics and 10-25% of visits to a paediatric
gastroenterologist, so is a sizeable problem.

Average stool frequency has been estimated to
be four stools per day in the first week of life, two
per day at 1 year of age, decreasing to the adult pat-
tern of between three per day and three per week
by the age of 4 years. Within these patterns there
is a great variation. The Paris Consensus on
Childhood Constipation Terminology (PACCT)
Group [78] defined chronic constipation as the
occurrence of two or more of the following charac-
teristics during the last 8 weeks:

e Less than three bowel movements per week
e More than one episode of faecal incontinence
per week

e Large stools in the rectum or palpable on
abdominal examination

e Passing of stools so large they obstruct the toilet

Retentive posturing and withholding behaviour

e Painful defaecation

In idiopathic constipation prolonged stretching
of the anal walls associated with chronic faecal
retention leads to an atonic and desensitised
rectum. This perpetuates the problem as large
volumes of faeces must be present to initiate the
call to pass a stool. Faecal incontinence (previously
described as encopresis or soiling) is mostly as a
result of chronic faecal retention and rarely occurs
before the age of 3 years.

Treatment

Acute simple constipation is usually treated with a
high fibre diet, sufficient fluid intake, filling out a
stool frequency diary and toilet training. Treatment
of chronic constipation is based on four phases:

e Education of the family to explain the patho-
genesis of constipation

e Disimpaction using oral or rectal medication

e DPrevention of re-accumulation of faeces using
dietary interventions, behavioural modifications
and laxatives (a mixture of osmotic laxatives
such as lactulose, stimulants such as senna and
mineral oils can be used)

e Follow-up [79]

Dietary fibre can be classified into water
soluble and insoluble forms. The former includes
pectins, fructo-oligosaccharides (FOS), gums and
mucilages that are fermented by colonic bacteria to
produce short chain fatty acids. This has been
shown to increase stool water content and volume.
Insoluble fibre mainly acts as a bulking agent in the
stool by trapping water in the intestinal tract and
acting like a sponge. Both soften and enlarge the
stool and reduce GI transit times.

Surveys have shown that constipated children
often eat considerably less fibre than their non-
constipated counterparts. Even when advised to
increase their fibre intake by a physician the fibre
intake was only half of the amount of the control
population. It appears that families can only make
the necessary changes with specific dietary coun-
selling [80]. Children with chronic constipation
have also been shown to have lower energy intakes



and a higher incidence of anorexia. It is difficult to
know if this existed previously and predisposed to
the condition or whether it is caused by early sati-
ety secondary to constipation [81].

There are currently no guidelines in the UK for
appropriate fibre intakes in children. In the USA
recommendations are for children older than 2
years to consume daily a minimum number of
grams of dietary fibre equal to their age in years
plus 5 g/day (e.g. a 4-year-old should have a mini-
mum of 4 + 5=9 g fibre/day) [82]. In infancy and
childhood it is important to ensure that adequate
fluids are taken. As a guide children should have
6-8 drinks a day preferably as water or juice and
including any milk. For children who continue to
drink insufficient amounts foods with a high fluid
intake should be encouraged such as ice lollies, jelly
and sauces. Fruit, vegetables and salad have a high
fluid content as well as being desirable because of
their fibre content.

In babies, the addition of carbohydrate to feeds
can induce an osmotic softening of the stool but
is not to be encouraged as a general public health
message. Once solids are introduced these should
include fruit and vegetables, with wholegrain cere-
als being introduced after the age of 6 months. Bran
should not be used in infancy and with caution in
older children.

In the 1999 American evidence based guidelines,
no randomised controlled trial was found that
showed an effect on stools in constipated children
of any of the above dietary measures [79]. The fact
that constipation is uncommon in societies that
consume a high fibre diet has been used to justify
this treatment. More recently, a double blind ran-
domised control trial (DBRCT) studying the effects
of infant cereal supplemented with FOS in normal
infants showed that this resulted in more frequent
and softer stools [83]. Another DBRCT using gluco-
mannan as a water-soluble fibre supplement in the
diet of children aged 4 or older with chronic consti-
pation showed a beneficial outcome [84]. There are
currently no confirmed positive effects of the use of
probiotics in constipation.

Food allergy

In a select group of children with constipation who
fail to respond to conventional treatment, cow’s
milk protein free diets have been shown to be bene-
ficial [85]. Motility studies in these patients have
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indicated that the delay in faecal passage is a conse-
quence of stool retention in the rectum and not of a
generalised motility disorder [86]. It has therefore
been proposed that all children with chronic consti-
pation that fails to respond to normal treatment as
outlined above should be considered for a trial of a
cow’s milk free diet (Table 7.6), especially if they
are atopic [87]. A recent study showed that, of 52
patients with chronic constipation, 58% had an
eosinophilic proctitis caused by an underlying food
allergy. This was confirmed by double blind food
challenges. The majority were intolerant of cow’s
milk protein; however, six patients had multiple
food intolerances identified by the use of a few
foods diet [88].

Gut motility disorders

Integration of the digestive, absorptive and motor
functions of the gut is required for the assimilation
of nutrients. In the mature gut, motor functions are
organised into particular patterns of contractile
activity that have several control mechanisms.

After swallowing, a bolus of fluid or food is pro-
pelled down the oesophagus by peristalsis; this
action differs from the motility of the rest of the
intestine in that it can be induced voluntarily. The
LOS relaxes to allow food or fluid to pass into
the stomach which acts as a reservoir and also initi-
ates digestion. It has a contractile action that grinds
food to 1-2 mm particle size. Gastric emptying can
be modulated by feed components via hormonal
secretion. LCTs have been found to inhibit gastric
emptying. Different dietary proteins also have an
effect with whey hydrolysates emptying more
rapidly than whole protein feeds [89].

In the small intestine, motor activity is effected
by smooth muscle contraction which is controlled
by myogenic, neural and chemical factors. In the
fasting state the gut has a contractile activity (the
migrating motor complex) that keeps the luminal
bacteria in the colon. Abnormalities of this phasic
activity can result in bacterial overgrowth of the
small intestine and malabsorption. Post-prandial
activity is initiated by hormones and food eaten
to produce peristalsis in the gut, relaxation of the
muscle coats below and contraction above the
bolus of food through the intestine. Disturbances in
this co-ordinated system can occur at all levels.
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Toddler diarrhoea

Toddler diarrhoea, also known as chronic non-
specific diarrhoea, is the most frequent cause of
chronic diarrhoea in children between the ages of 1
and 5years of age. Symptoms include frequent
watery stools containing undigested foodstuffs in a
child who is otherwise well and thriving. Despite
the children generally presenting in a good nutri-
tional state, parental anxiety is high. The diarrhoea
ceases spontaneously, generally between 2 and 4
years of age.

Proposed mechanisms
A primary problem has still not been identified.
Children with this disorder are known to have a
rapid gut transit time and intestinal motility is gen-
erally thought to be abnormal, although it is unsure
whether this is caused by a reduced colonic transit
time or a disturbance of small intestinal motility.
Carbohydrate malabsorption, particularly of
fructose, has been extensively investigated in this
disorder. Fructose is known to be slowly absorbed
in the small intestine and is often present in large
amounts in fruit juice. In recent years, the diets of
children in this age group have undergone changes
with an increase in the amount of fruit squash and
fruit juices and a decrease in water taken as drinks
[90]. As applejuice particularly has been implicated
as causing toddler diarrhoea, studies have been
completed using hydrogen breath tests to measure
carbohydrate malabsorption. What now seems to
be evident is that non-absorbable monosaccharides
and oligosaccharides such as galacturonic acid are
produced by enzymatic treatment of the fruit pulp
in clear fruit juices, including apple, grape and bil-
berry juices. It is thought that these may cause
problems in sensitive individuals, rather than
fructose [91].

Treatment

All sources agree that parental reassurance is of pri-
mary importance. The role of diet in this disorder is
controversial [43,92]. Advice is needed to correct
any dietary idiosyncracies. Excessive fluid intake,
particularly of fruit juices and squash, should
be discouraged. Fibre intake has frequently been
reduced by parents in an attempt to normalise
stools, therefore increasing this to normal levels
should be recommended. Fat intake may also have
been reduced, either because of the excessive

consumption of high carbohydrate fruit drinks
or for health reasons, and should be increased to
35-40% of total dietary energy. Often parents have
tried excluding foods from the child’s diet, mistak-
enly believing the problems to be brought about by
food intolerance. Once the diagnosis is established
these foods should be reintroduced.

Chronic idiopathic pseudo-obstruction disorder

This term embraces a heterogeneous group of dis-
orders that cause severe intestinal dysmotility with
recurrent symptoms of intestinal obstruction in the
absence of mechanical occlusion. Gut transit time is
generally in excess of 96 hours. The cause is usually
an enteric myopathy or neuropathy that can also
affect the urinary tract [93]. It is an extremely rare
disorder with a high morbidity and mortality.

Nutritional support is vital for these children. In
one series of 44 patients, 72% required parenteral
nutrition for a relatively long period of time, seven
children dying of PN related complications with a
further 10 remaining dependent on long term home
PN [94].

Full enteral nutrition is possible to achieve in
some patients but needs to be started slowly, with a
gradual decrease in PN volume as the enteral nutri-
tion is increased. Particular attention needs to be
paid to fluid and electrolyte requirements. Many of
the children have an ileostomy to decompress the
gut. The loss of sodium rich effluent through the
stoma generally results in high sodium require-
ments (up to 10 mmol/kg/day). Enteral feed can
be pooled in the intestine for a prolonged period of
time before passing through the stoma, resulting in
a lack of appreciation of the relatively high fluid
requirements of these children. In certain children
(especially those with a migrating motor complex),
jejunal feeding may be successful if a trial of gastric
feeds have failed [95].

Treatment
The following suggestions for the nutritional man-
agement of these patients have proved beneficial:

e Liquids are easier for the dysmotile gut to pro-
cess than highly textured foods. Aim to give full
requirements from the feed or PN, or a combi-
nation of the two, to minimise intake of solids.

e Enteral feeds are more likely to be tolerated as a
continuous infusion than as bolus feeds.



e Whey hydrolysates have been found to empty
more rapidly from the stomach and form the
mainstay of treatment [89].

e Care should be taken to ensure that enteral
feeds are made as cleanly as possible to prevent
the introduction of organisms into the gut,
which could contribute to bacterial overgrowth.
In older children the use of sterile feeds is
preferable.

e Fluid and sodium requirements should be
accurately assessed and supplements given as
needed.

e Where solids are taken these should be low in
fibre so as not to cause obstruction. Semi-solid
or bite-dissolvable consistencies such as purées,
mashed potato and puffed rice cereal will be
more easily digested.

In these children weight measurements are not
always accurate because of distended loops of
gut pooling large quantities of fluid. They should
be used in conjunction with other anthropometric
measurements such as mid-arm circumference or
skinfold thicknesses to assess nutritional state.
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Resource

Dietitians working in paediatric gastroenterology in
the UK are encouraged to join the Associate Members
group of the British Society of Paediatric Gastroent-
erology, Hepatology and Nutrition (BSPGHAN)
www.bspghan.org.uk.

Useful addresses

Coeliac UK

Suites A-D, Octagon Court, High Wycombe, Bucks, HP11
2HS

Tel 01494 437278

www.coeliac.co.uk

CICRA (Crohn’s in Childhood Research Association)

Parkgate House, 356 West Barnes Lane, Motspur Park,
Surrey, KT3 6NB

Tel 020 8949 6209

Www.cicra.org

Gut Motility Disorders Network
Westcott Farm, Oakford, Tiverton, EX16 9EZ
Tel: 01398 351173

Half PINNT (For children on intravenous and nasogas-
tric feeding)

PO Box 3126, Christchurch, Dorset, BH23 2XS

www.pinnt.co.uk

NACC (National Association for Colitis and Crohn’s
Disease)

4 Beaumont House, Sutton Road, St Albans, Herts, ALI
5HH

Tel 0845 130 2233

www.nacc.org.uk



Surgery in the Gastrointestinal Tract

Vanessa Shaw

Introduction

There are a number of congenital malformations
requiring surgery in the neonatal period. These
malformations affect the oesophagus, stomach,
duodenum and the small and large intestines. The
type of feed and the method by which it is given
will be governed by the area of gut affected and
the surgery performed to correct the defect.

Oesophageal atresia and tracheo-
oesophageal fistula

Oesophageal atresia (OA) occurs in about 1 in 3000
births [1]. The oesophagus ends blindly in a pouch
so that there is no continuous route from the mouth
to the stomach. This means that at birth the infant
cannot swallow saliva and is seen to froth at the
mouth. Aspiration of this saliva causes choking and
cyanotic attacks. The obstruction usually occurs
8-10 cm from the gum margin. Eighty-six per cent
of neonates with OA also have a distal tracheo-
oesophageal fistula (TOF) [1] where the proximal
end of the distal oesophagus is confluent with the
trachea (Fig. 8.1). In this case any reflux of stomach
contents will enter the trachea and, hence, the
lungs. Isolated “pure’ OA without a fistula with the
trachea occurs in 7% of babies and the rarer fistula
between oesophagus and trachea without OA (‘H’
fistula) occurs in 4% [2].

OA is associated with other anomalies. Myers
et al. [3] reviewed 618 patients over a 44-year
period and found the most common associated
anomalies in babies with OA to be: cardiac (20.7%),
urinary (21.6%), gastrointestinal (22.7%), ortho-
paedic (15.7%); lesser associations were with the
central nervous system, eye and chromosomal
anomalies. Similar incidences were found in reports
from other authors [4,5]. These other anomalies
occur in more than 50% of babies with OA and
are described as the VACTERL sequence (vertebral,
anorectal, cardiac, tracheo-oesophageal, renal
and limb defects) and the CHARGE association
(coloboma, heart defects, choanal atresia, retarded
development, genital hypoplasia and ear abnorm-
alities) [6]. The survival of babies with a birth
weight >1500 g and with no major heart problems
is nearing 97%; mortality is most commonly associ-
ated with major congenital cardiac malformations
and very low birth weight (<1500 g) where survival
is only 22% [2].

Obviously, the infant cannot be fed via the
enteral route until the lesion is corrected surgically
and will therefore require parenteral nutrition ini-
tially. A Replogle tube will be passed through the
nose into the oesophagus to drain any saliva. The
tube also increases the size of the pouch at the blind
end of the upper oesophagus. Treatment of OA,
whether associated with TOF or not, is undertaken
as soon as possible after birth. It involves the repair
of the oesophagus by anastomosing the upper and
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lower ends, after closing any TOF if present, so that
both the oesophagus and trachea are separate
and continuous. This is possible in about 90% of
affected babies.

Feeding the baby with oesophageal atresia
and tracheo-oesophageal fistula

A primary anastomosis is performed when the dis-
tance between the proximal and distal ends of the
oesophagus is short enough for the two to be joined
in one procedure. Most surgeons pass a transana-
stomotic tube (TAT) to decompress the stomach the
first few days post-surgery and to allow nasogastric
feeding to commence. Some babies routinely have
a chest drain inserted for up to 1 week. Infants
can be feeding orally within 4872 hours of correc-
tive surgery, ideally being breast fed, or receiving
expressed breast milk or infant formula. Puntis ef al.
[7] found that 50% of infants undergoing a primary
anastomosis were breast fed for a median period of
3 months. If a chest drain has been inserted postop-
eratively, nasogastric feeding via the TAT may be
prolonged for 7 days or so until contrast studies
show that the oesophagus is intact prior to the com-
mencement of oral feeding.

Oesophageal atresia and tracheo-oesophageal fistula.

Distal oesophagus

A study by Patel et al. [8] reviewed a 12-year
period of a more simplified management of OA
with TOF where chest drains, TAT and contrast
studies were not routinely used. Seventeen babies
were managed without a TAT and 23 with a TAT.
The time to establishment of full oral feeding was
2-8 (average 3.9) days in the babies without a TAT,
and 2-12 (average 5.9) days in those with a TAT.
They concluded that a sizeable minority of babies
do not require a TAT and that early introduction of
oral feeds in this group is not associated with an
increased risk of complications, such as developing
strictures.

In some babies the distance between the upper
and lower ends of the oesophagus exceeds 3 cm
(or more than two vertebral bodies) and this is
termed ‘long gap OA’. It is technically impossible
to join the upper and lower ends of the oesophagus
so a staged procedure is required. The oesophagus
is temporarily abandoned and a cervical oesopha-
gostomy may be formed to allow the infant to
swallow saliva. The oesophagus is left for 3-6
months before attempting to join the upper and
lower ends. Although cervical oesophagostomy
prevents growth in the upper pouch of the oesoph-
agus, the lower pouch hypertrophies and shortens
the distance between the two ends. Alternatively,
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the upper oesophagus is left intact with a double
lumen Replogle tube in situ for 6—-8 weeks, through
which continuous low pressure suction can be
applied to remove accumulating saliva; the upper
pouch probably lengthens in this case and hyper-
trophies. A gastrostomy is formed to allow enteral
feeding to proceed. If a TOF is present it must be
disconnected and the defect in the trachea closed.
Feeding babies undergoing a staged repair presents
more of a challenge.

The gastrostomy feed will be either expressed
breast milk (EBM) or infant formula and should be
given at the same volume and frequency as the
infant would receive orally. In order for the baby to
experience normal oral behaviour, sham feeding
should begin as soon as possible. To allow for nor-
mal development and co-ordination, the sham feed
should be of the same volume as the gastrostomy
feed, and the feed should be of the same duration
and frequency so that the baby learns to associate
sucking with hunger and satiety. It is also import-
ant that a similar taste is offered in the sham feed
as that being put into the gastrostomy so that there
is no refusal of feeds on the grounds of taste once
the infant has an intact gut. The sham feed seeps
out of the oesophagostomy, along with saliva and
is usually dealt with by wrapping a towel or other
absorbent material around the baby’s neck (Fig.
8.2). Puntis ef al. [7] report that 38% of babies with
oesophagostomies were breast fed for a median
duration of 2.5 months. It is now more regular prac-
tice for mothers who wish to give their babies
breast milk to express their milk so that this can be
given via the gastrostomy; the baby would be given
infant formula by mouth for the sham feed. There
are, however, problems with sham feeding;:

e It is difficult to co-ordinate holding the baby,
feeding from a bottle and mopping up feed
from the oesophagostomy while giving a
gastrostomy feed. This event may defeat
nursing staff let alone the mother coping
single-handedly at home.

e One-third of babies with OA suffer from cardio-
vascular complications and may need ventilat-
ing, making sham feeding impossible.

e The baby may tire quickly and not be able to
suck for long enough to take the same volume
orally as is going through the gastrostomy.

® Many babies have small stomachs and initially
require small volumes of gastrostomy feed very

Infant with tracheo-oesophageal fistula and

Figure 8.2
cervical oesophagostomy receiving oral sham feeds while
being fed via a gastronomy tube. The infant also has a
tracheostomy and cleft palate and takes oral feeds from

a Rosti bottle.

frequently (e.g. 2 hourly), making it difficult to
co-ordinate sham with gastrostomy feeding.
However, this problem rapidly corrects itself as
the feed volume is increased.

There may be no route for sham feeding if an
oesophagostomy has not been formed as part of
the initial corrective surgical procedure. Infants
deprived of oral feedings for the first weeks to
months of life can experience great difficulty in
establishing sucking. This should not be a major
problem if oral feeding is established within 2-3
months of life, but if oral feeding is delayed any
longer than this, it is associated with gagging and
vomiting; the baby may avert its head at the very
sight of the bottle or push out the teat with the
tongue. Desensitisation to this oral aversion is a
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long, slow process. It is important to remember that
feeding is not just a process of providing nutrition;
babies are very alert at feeding time and develop
cognitive and motor abilities while feeding.

Babies with OA with or without TOF can grow
well on breast milk and normal infant formulas if
adequate volume of feed is taken. If there is a prob-
lem with weight gain, feeds can be concentrated
and supplemented or commercial nutrient-dense
feeds may be indicated (see Table 1.14).

Feeding the older baby and toddler

In order to promote normal development, these
babies should be weaned at the appropriate age of
around 6 months. It has been observed that wean-
ing in babies who have undergone a primary ana-
stomosis is certainly delayed to 6 months of age
and the introduction of lumpy solids to 12 months
of age [7]. Weaning solids should be sham fed if the
oesophagus has not yet been joined up. There has
been controversy in the past over what should go
down the gastrostomy tube at this stage. A nutri-
tionally adequate feed must be given in preference
to weaning solids. In order to get strained weaning
foods of the right consistency to go down the tube
they have to be watered down, so diluting their
energy and nutrient content. If this practice is con-
tinued in the long term, failure to thrive results.
In the study published by Spitz et al. [5] in 1987, of
148 children with oesophageal atresia, 27% of the
patients were below the third centile for height and
weight at 6 months and 5 years. A contribution to
this could well have been the practice of inappro-
priate solids being administered down gastros-
tomy tubes, as was common practice then. A more
recent review in 2006 of 15 children with OA and
TOF who had primary repair at birth found that
all were between the 50th and 75th percentile of
expected growth at 12 years of age [9].

If gagging is experienced when weaning solids
are introduced, oral intake may be reduced to just
tastes of food rather than giving large boluses in
order to dispel the association between solid food
and gagging. Foods need to be moist and fibrous
foods should be avoided. Fluid should be given
at mealtimes to help the food go down. Both
mother and child need to build up confidence
about eating.

In babies with long gap OA the attempt to join
the oesophagus to the rest of the gastrointestinal
tract may occur as early as 12 weeks of life and the
native oesophagus should be used wherever pos-
sible. The proximal and distal oesophageal remnants
undergo lengthening procedures such as circular
myotomy and serial dilatation. If radiological study
shows that it is still not possible to join the two
ends of oesophagus then the baby is considered
for an oesophageal substitution procedure, which
may occur as early as 9 months of age but may be
delayed to as late as 3—4 years. Until joined up,
sham feeding of age-appropriate foods should
continue with nutritionally adequate feeds through
the gastrostomy. Fortified baby milks, such as con-
centrated infant formula, high energy formulas
(SMA High Energy, Infatrini), may safely be used
up to the age of 1 year or so, but will need to be
replaced by a more nutritionally dense feed such as
Paediasure or Nutrini to maintain good growth in
the older child (see Table 3.2).

Oesophageal substitution procedures

There are various methods of correcting a long gap
OA: colon interposition, gastric tube oesophago-
plasty, gastric transposition and, less commonly,
jejunal interposition and gastric elongation [10].

Colon interposition involves removing a piece of
the colon and transposing it into the chest between
the oesophagus above and the stomach below. This
is the most common procedure and has the advan-
tages of the length of the graft required not posing
a problem and the diameter of the lumen of the
transposed colon is appropriate for joining to the
oesophagus. The disadvantages of this procedure
are the blood supply to the colon is not good; the
transposed colon does not have very good peri-
staltic function to propel food down to the stomach;
there is a high incidence of leakage around the
anastomoses in 30% of patients; 20% of patients will
develop strictures; with time, the transposed colon
may lose its muscular activity.

Gastric tube oesophagoplasty is where a longitu-
dinal segment, formed from the greater curve of the
stomach, is moved up into the chest and joined to
the lower pouch of the oesophagus. The size of the
graft is appropriate and the blood supply is good,
but there is a high incidence of leakage (70%), there



is a high stricture rate (50%) and gastro-
oesophageal reflux (GOR) is common.

In a gastric transposition procedure the whole
stomach is mobilised and moved into the chest. The
proximal end of the oesophagus is joined to the top
of the stomach in the neck. The blood supply is
excellent and the rate of both leakage and strictures
is much lower than in the procedures described
above, each occurring in only 6% of patients. A
review of gastric transposition by Spitz et al. [11]
in 32 babies with OA showed graft survival of
100% and the outcome was excellent in 81% of the
surviving patients. The procedure does have its
disadvantages: poor gastric emptying; the fact
that the bulk of the stomach is in the chest reduces
respiratory capacity; GOR can be a problem; dump-
ing can occur (see p. 131). Despite these problems,
a more recent review of 41 babies, 26 of whom
had OA undergoing gastric transposition at age
3.3+ 0.6 years, concluded that this procedure was
an appropriate alternative to colon interposition
for oesophageal replacement in infants and chil-
dren [12].

Feeding post-oesophageal substitution

The oesophagostomy, if present, is closed at the
time of the oesophageal substitution. A feeding
jejunostomy may be formed as a route for nutrition
while the child is sedated post-surgery for gastric
transposition as the pre-existing gastrostomy can
no longer be used. Gastrostomy feeding can
continue if colon interposition or gastric tube
oesophagoplasty has been performed. Oral nutri-
tion is introduced as soon as possible, but sup-
plementary overnight gastrostomy/jejunostomy
feeds may be indicated until an adequate intake
is taken by mouth. Oesophageal replacement
procedures have their problems when feeding
recommences as indicated above. The advantage
of the gastric transposition is that there is only
one join in the gastrointestinal tract, but the stom-
ach is now sited in a much smaller place in the
thorax than it usually occupies in the abdomen. The
volume of feed or meals that can be taken comfort-
ably may be greatly reduced, imposing a feeding
regimen of little and often. The problem with colon
interposition is that two areas of the gut have
undergone surgery and joining. The transplanted
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colon makes a rather ‘baggy’ oesophagus because
of the nature of its musculature, and the repaired
oesophagus may not have normal peristaltic func-
tion. The colon may suffer temporary dysfunction
because of surgical trauma and malabsorption may
ensue, necessitating a change to a hydrolysed feed
(Table 7.7). Gastric tube oesophagoplasty proce-
dure has a high incidence of GOR. The end result of
these surgical interventions may be oesophageal
continuity, but not necessarily normal oesophageal
function.

Problems with oesophageal function
following repair

GOR is common following repair, with an incid-
ence of at least 25% [13]. It may respond to med-
ical management (e.g. thickening fluids; see Table
7.27), positioning the baby appropriately after feed-
ing or the administration of drugs such as metoclo-
promide and domperidone. These are dopamine
antagonists that stimulate gastric emptying and
small intestinal transit, and enhance the strength
of oesophageal sphincter contraction. H, receptor
antagonists, cimetidine or ranitidine, may be
administered to reduce the acidity of the stomach
so that the reflux does less damage to the
oesophageal mucosa. If GOR is severe and unre-
solved by these methods, surgical correction may
be required by performing a fundoplication.

There are various anti-reflux operations (Nissen,
Thal, Boix-Ochoa, Belsey) and the choice depends
on what the surgeon believes to be the best
procedure for the individual child. The Nissen fun-
doplication is the most common and involves
mobilising the fundus of the stomach and wrap-
ping it around the lower oesophagus, thus fashion-
ing a valve at the junction of the oesophagus and
stomach. Between 18% and 45% of children under-
going repair for OA have significant GOR, leading
to life-threatening aspiration of feed, and require
such anti-reflux surgery [5,14]. Following unsuc-
cessful medical management of GOR, 45% of the
31 babies described by Curci and Dibbins [14]
required Nissen fundoplication. Together with
children with neurological dysfunction, infants and
children who have a repaired oesophageal atresia
and TOF comprise the majority of patients needing
such a procedure.
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The anti-reflux surgery is not without its post-
operative complications. While preventing reflux
into the oesophagus, the fundoplication may also
stop the child from burping and gas bloat can be
very uncomfortable in the stomach. Parents need to
be taught to ‘wind’ their child through the gastro-
stomy tube. Although the child can no longer vomit,
they often experience severe retching, which is
very distressing for both child and parent, but this
usually disappears after a few weeks or months.
Fundoplication can also cause dumping (see p. 131).
Occasionally, the valve created by the procedure
weakens with time (usually a number of years, but
sometimes after a few months) and GOR returns.
If this cannot be managed medically then the
Nissen'’s has to be ‘re-done’.

The change from receiving full nutrition from a
gastrostomy/jejunostomy feed to maintaining an
adequate intake orally is slow and there is often a
long period where the child needs supplementary
tube feeds while learning to eat normally. Prior to
being joined up, the child has not experienced the
sensation of a bolus of food passing the entire
length of the oesophagus. Although the child
should have been exposed to sham feeding, this
method of feeding does not always lead to success-
ful swallowing. Therefore, many children panic
when offered any food other than in liquid form
and the establishment of normal feeding has to
proceed through stages of gradually altering the
consistency of foods from purées to finely minced
and mashed foods and then to the normal diet.

After repair, whether the child has undergone a
primary repair in the first few days of life or
whether a staged procedure has been performed, a
circular scar will form where the upper and lower
segments of the oesophagus are sutured together.
With perfect healing the scar will have the same
diameter as the oesophagus and will grow with the
child. However, if the gap between the upper and
lower pouches is >3 cm the two ends of the oesoph-
agus have to be stretched to meet and this puts the
repair under tension. This reduces the blood sup-
ply to the forming scar tissue, causing the tissue to
shrink and form a stricture. Stricture occurs in
about one-third of babies and children and the
normal passage of food is impeded. Bread, meat
and poultry, apple and raw vegetables are the
foods most often cited as getting stuck.

If there is reflux of stomach contents up into the

oesophagus the acid will inflame the healing
scar, which may also lead to stricture formation.
Sometimes the anastomosis joining the ends of the
oesophagus leaks and this also causes a stricture to
form. Children with these problems show difficulty
in feeding and a reluctance to swallow; they will
choke and splutter. Strictures require repeated
dilatations to soften the scar tissue and allow the
easier passage of solid food. The oesophagus may
also go into spasm at the site of the join and particu-
late foods like mince and peas get stuck.

The frightening experience of repeated choking
leads to fraught mealtimes which both parents and
children come to dread. One-third of parents of
babies with primary repair in Puntis et al.’s [7]
study reported problems with choking or cough-
ing, 17% with vomiting and 20% with feed refusal
at feeding times at least twice a day in the first year
of life. A similar frequency was seen in children
after closure of oesophagostomy. The introduction
of solids in the delayed repair children was sig-
nificantly later than in both controls and children
with primary repair, solid foods being introduced
at 12 months and lumpy foods as late as 18 months.
It is often easier to abandon the feeding of solids
and go back to a completely liquid diet. If this is not
supervised, the diet can quickly become very poor
nutritionally.

Children often become bored with food; if meals
are liquidised to stop them getting stuck in the
throat there is the danger that every meal will end
up looking the same brown unappetising mush.
This can be improved by liquidising the foods sep-
arately so that tastes and colours can be distin-
guished. Mealtimes can become very antisocial;
choking and vomiting are common at meals and
children may need hefty pats on the back or turning
upside down to dislodge food that has stuck.
Eating can be a very slow process for the child as
foods have to be thoroughly chewed before swal-
lowing can be attempted. Parents understandably
feel inhibited about eating out of the home, which
curtails the social experience of the child. It is often
difficult for parents and carers to understand the
problems with swallowing following repair of OA
and force feeding the child may be a temptation.

Adequate nutrition can usually be achieved with
small frequent meals that are energy dense, and the
provision of fluids at mealtimes to help wash down
the food. Such are the problems associated with



eating that families need help, advice and encour-
agement from all professionals with appropriate
experience, including dietitians, speech therapists
and clinical psychologists as well as the medical and
nursing professions. The Tracheo-Oesophageal
Fistula Support Group (TOFS) is a self-help organ-
isation where carers of these children can share
their experiences and offer advice.

Dysphagia may remain a problem for many
years after repair, but improves with time. Half of
the children in Puntis et al.’s [7] study experienced
feeding difficulties at the age of 7 years. Anderson
et al. [15] looked at the long-term follow-up of
children undergoing either colon interposition or
gastric tube interposition to see if one method of
oesophageal replacement had an advantage over
the other. Most of the children fell at or below the
10th percentile for height and weight, half needed
to eat slowly and to avoid certain meats, and dys-
phagia was rare. There was no apparent difference
between the two groups. Davenport et al. [16] stud-
ied the long-term effects of gastric transposition in
17 children who had undergone the procedure
more than 5 years previously. They concluded that
gastric transposition is compatible with life and
allowed satisfactory growth and nutrition for the
majority of subjects. They suggest that all children
should have oral iron supplementation after the
procedure to correct or prevent any defect in iron
absorption because low ferritin levels were found
in all children tested; one-third were anaemic.
Iron absorption is facilitated by the presence of
acid in the stomach, and the high incidence of
hypochlorhydria seen in some adults after gastric
transposition suggests this as a mechanism for
defective iron absorption.

Outcome

Chetcutiet al. [17] interviewed 125 adults born with
OA with or without TOF before 1969 to see how
their congenital disease had affected their quality of
life. Dysphagia and symptoms of GOR was present
in over half of the adults, but most enjoyed a nor-
mal diet provided they drank fluids with their
meals. Their social achievements and failures
matched that of the rest of the population. This
favourable long term outcome has been confirmed
by Little et al. [18] in a group of 69 infants with a
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mean follow-up of 125 months (10.4 years).
Dysphagia, frequent respiratory infections, GOR
disease and growth delays were common in the
first 5 years, but these all improved as the children
matured.

Dumping following oesophageal
replacement and Nissen fundoplication

Dumping syndrome is often seen in infants and
young children following gastric transposition and
is most probably brought about by rapid gastric
emptying [19]. Ravelli et al. [20] studied gastric
emptying in 12 children who had undergone
gastric transposition using electrical impedance
tomography. Gastric emptying was normal in one
patient, delayed in seven and accelerated in four.
Like the repaired oesophagus, the transposed
stomach does not behave normally. The stomach
retains its function as a reservoir but its emptying
is extremely irregular. Spitz [19] found that the
dumping experienced in the early postoperative
period was short lived, although it lasted for as
long as 6 months in some children and recurred
periodically in one child.

Dumping can occur in children following Nissen
fundoplication for severe GOR. Gastric emptying
can be accelerated, with the result that hyperosmo-
lar foodstuffs leave the stomach very rapidly and
hence draw large quantities of fluid into the small
bowel. This produces the ‘early’ symptoms of dis-
tension, discomfort, nausea, retching, tachycardia,
pallor, sweating and dizziness. This may be associ-
ated with hyperglycaemia. ‘Late’ symptoms may
occur from 1-4 hours later as a result of hypogly-
caemia and may be indistinguishable from early
symptoms [21].

There are no large studies on children with
dumping syndrome and most of the published
papers are case histories; all workers regard it as
difficult to treat. Various dietary manoeuvres have
been tried to overcome the symptoms of dumping
and no one treatment is recommended. The aim
is to avoid swings in blood sugar levels. Some
children respond to a combination of treatments.
In summary these are:

e Giving small frequent meals [19,21]
e Taking fluids separately from solid foods
[19,22]
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e Avoiding a high glucose intake [19,22]

e Adding uncooked cornstarch to feeds at a con-
centration of 3.5-7% [22] or 50 g /L feed [23]

e Adding pectin to the diet: 5-10 g (<12 years) or
10-15 g (>12 years) divided into six doses [22]

e Administering continuous feeds with added
fat (both long chain and medium chain fats are
used) or small frequent meals enriched with fat
[23-25]

Borovoy et al. [26] described eight children with
dumping syndrome fed by gastrostomy and found
that uncooked cornstarch controlled glucose shifts,
resolved most of the symptoms, allowed bolus
feedings and enhanced weight gain. A guideline
for the administration of uncooked cornstarch
could be taken from the treatment of glycogen stor-
age disease (see p. 395).

Duodenal atresia

Duodenal atresia is a cause of congenital intestinal
obstruction and occurs in about 1 in 10 000 births.
In most cases the atresia occurs below the ampulla
of Vater. A plain X-ray demonstrates the typical
‘double-bubble’ of the dilated stomach and duode-
num proximal and distal to the atresia. Duodenal
atresia presents as significant vomiting after the
first oral feed is given; the vomitus is usually bile-
tinged as secreted bile cannot pass down the intes-
tine. The obstruction is corrected by cutting the
blind end of the duodenum and connecting it to
the lower intestine. There are other anomalies asso-
ciated with this atresia: Down’s syndrome, OA,
imperforate anus and cardiac malformations occur
in over 50% of babies with duodenal atresia.
Mortality is related to the severity of the associated
anomalies. Mooney et al. [27] report an improve-
ment in survival from 72% in 1973 to 100% in 1983.
Parenteral nutrition (PN) is used routinely to
feed these babies in the first days of life. Once the
amount of bile aspirate decreases (indicating that
the lower gut is patent) and bowel sounds return,
enteral feeding can be commenced. A TAT may be
passed in the early days post-surgery to help in the
delivery of feeds, although jejunal feeding tubes
are associated with perforation and are easily dis-
lodged. Mooney et al. [27] found that TATs pro-
longed the time until oral feeding was tolerated
by 10 days: babies without the tube tolerated oral

feeds at 5.3 days; babies with the tube at 15.7
days. In a more recent study of 17 babies under-
going upper gastrointestinal surgery (10 with
duodenal atresia, six with malrotation and one
with jejunal atresia), enteral feeding was started via
transgastric transanastomotic feeding jejunostomy
tubes by day 2 post-surgery in 14 cases; the authors
concluded that transgastric transanastomotic feed-
ing jejunostomy was well tolerated and preferable
to PN [28].

Breast feeding should be possible within a week
of surgery; if bottle fed, EBM or normal infant for-
mula should be given and, if administered cor-
rectly, should provide adequate nutrition. If weight
gain is poor the usual methods of feed fortification
can be used. These same feeds should be used if
enteral feeding needs to be continued.

Feeding problems post-surgery

The feeding problems following repair of duodenal
atresia are usually associated with the motility of
the duodenum. In utero, the duodenum proximal to
the atresia is stretched because ingested material
cannot get past the atretic area of gut. The muscula-
ture does not function properly once the obstruc-
tion is removed, resulting in a baggy proximal
duodenum. The infant may feed normally, but milk
will accumulate in the lax duodenum rather than
continuing its passage down the gut. This can result
in huge vomits, up to 200 mL at a time. Feeds need
to be small and frequent to overcome this problem.

If GOR is present, feeds can be thickened and the
baby should be positioned correctly after feeding.
As the gut grows and matures with the infant,
problems should resolve so that the older child will
feed normally.

Hirschsprung’s disease

Hirschsprung’s disease, also known as con-
genital megacolon or aganglionic megacolon, is an
anomaly where there is a total absence of ganglion
cells in the affected part of the large intestine result-
ing in a loss of peristalsis. It has an incidence of 1
in 5000 infants, with a higher incidence in boys
than girls (4 :1). In 75% of cases the rectosigmoid
colon is involved and in 8% there is total colonic



involvement [29]. Presentation occurs before 3
months of age in the majority and 80% of cases pre-
sent by 1 year of age. The aganglionic parts of the
colon cannot pass faeces so some affected neonates
present with complete intestinal obstruction, bili-
ous vomiting and profound abdominal distension,
with a delayed passage of meconium. Other infants
present with constipation, abdominal distension,
vomiting, diarrhoea and poor growth after the
neonatal period. Surgery aims to clear the obstruc-
tion by fashioning a colostomy as the initial pro-
cedure. When appropriate, the stoma is closed, the
non-functioning segment of colon is removed, and
a pull-through procedure is performed which con-
nects the functioning bowel to the anus. In some
cases the pull-through can be performed as a pri-
mary procedure.

Some children, aged 3-14 years, present later
with intractable constipation alternating with diar-
rhoea which may be treated symptomatically with
a high fibre diet. Constipation may persist in
10-20% of children despite successful surgery.

In long segment Hirschsprung’s disease there
is small intestinal involvement; resection of agan-
glionic bowel will be necessary, leaving the infant
with a shortened length of bowel. The dietary
management is as described for short bowel syn-
drome below.

Exomphalos and gastroschisis

These conditions are not abnormalities of the gas-
trointestinal tract, but are abdominal wall defects
involving the exposure of the infant’s intestine to
the outside world. The incidence of exomphalos is
2-3 per 10 000 births. There is a risk of associated
malformations and chromosomal abnormalities
in babies with exomphalos. The incidence of gas-
troschisis is 4.4 in 10 000 births in Britain (2004),
showing an increasing incidence compared with
1994 when the incidence was 2.5 in 10 000 births
[30]. This increasing incidence has been seen in
other countries and has been associated with lower
maternal age and seems to be associated with tob-
acco smoking and recreational drugs around the
time of conception.

An exomphalos can be small or large and occurs
when the lateral folds of the abdominal wall fail to
meet in utero, resulting in incomplete closure of the
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abdominal wall and herniation of the midgut. Not
only bowel, but also solid viscera such as the liver,
spleen, ovaries or testes are exposed, contained in
a translucent membrane made of amnion and
peritoneum. Emergency surgery is necessary as
fluids and body heat are crucially lost through the
exposed intestines. If the exomphalos is small, the
bowel can be placed back inside the abdomen in
one procedure, the abdominal wall is closed and a
navel is fashioned. If the exomphalos is large, the
surgeon may need to use a patch if there is not
enough skin to close the abdomen. If the exompha-
los is too large for this procedure, a staged repair
is performed. The exposed intestines and other
organs are covered with a prosthetic mesh sac to
protect them. The sac is suspended above the child
and is tightened regularly as the intestine gradually
moves back into the abdominal cavity by gravity.
The abdomen is then closed and a navel fashioned.

In gastroschisis, a rupture of the umbilical cord in
utero in early pregnancy allows the intestine to
escape outside the abdominal wall; in this case,
unlike in exomphalos, the intestine has no covering
membrane. Again, the bowel is put back inside the
abdomen in one procedure if possible, or may need
the staged procedure, tightening the prosthetic
sac gradually as described above [31]. Both Silastic
and Prolene prostheses and primary fascial closure
are considered acceptable procedures; the primary
closure has the advantage of avoiding additional
operations [32]. In Sharp et al’s [33] group of 70
cases of gastroschisis over a 10-year period, pri-
mary closure was achieved in 86% of babies and
mean age at repair was 5.04 hours (range 2-14.5
hours). Outcome is not significantly differerent by
type of surgery [34].

Feeding the infant with abdominal
wall defects

The pressure of the prosthetic sac or the closed
abdominal wall forces the intestine back into the
abdomen, but this continual pressure will upset its
normal function and the gut may suffer a pro-
longed paralytic ileus. Most of these infants will
need PN for several weeks or months before
bowel function returns and the use of PN is of
major importance in the survival of these infants
[35]. Adam et al. [36] found that delayed closure of
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the abdomen in exomphalos leads to more readily
established enteral feeding. However, Sauter et al.
[32] found no difference in the time taken to estab-
lish enteral feeding in babies with gastroschisis
and exomphalos whether they underwent primary
repair or a delayed procedure. Kitchanan et al. [34]
found that neonates with gastroschisis had signific-
ant delays in reaching full enteral feeds compared
with those with exomphalos (24 vs. 8 days) and
required prolonged support with PN (23 vs. 6
days). The age at which the infant with gastroschi-
sis is first given enteral feeds affects the length of
stay in hospital and the duration of PN; each day
delay in starting enteral feeds was associated with
an increase hospital stay of 1.05 days and increased
PN duration of 1.06 days [33]. Median day of first
enteral feeds was day 8 post-surgery (range 3-40
days) [33].

Enteral feeding is considered when bowel
sounds return. Expressed breast milk or infant for-
mula is usually tolerated if given as small frequent
bolus feeds. Large boluses are not tolerated as the
intestinal tract is under constant pressure and can-
not accomodate a large amount of fluid at once. If
the baby can be handled normally and does not
need to be nursed flat, breast feeding is possible. In
one study 70% of babies were breast fed on dis-
charge, 28% were bottle fed and 2% were on solids
(median hospital stay 24 days, range 6-419 days)
[33]. If there is malabsorption, then a hydrolysed

feed is indicated. Babies with gastroschisis may
have persistent intestinal dysmotility.

Exomphalos and gastroschisis were fatal abnor-
malities prior to the 1970s. The advent of PN and
temporary prosthetic sacs, which allow delayed
abdominal closure, has allowed the good survival
rates seen today [31].

Outcome

A study of 40 patients published in the early 1990s
shows 90% of babies with gastroschisis surviving
[37]. A 10-year review of neonatal outcome of gas-
troschisis (21 babies) and exomphalos (five babies)
published in 2000 gives survival rates of 91% and
100%, respectively [34]. Davies and Stringer [38]
followed up 23 survivors of gastroschisis who were
born between 1972 and 1984. They found that despite
experiencing intrauterine growth retardation chil-
dren with uncomplicated gastroschisis eventually
achieve relatively normal growth. Other authors
have shown that catch-up growth occurs through-
out childhood, mostly within the first 5 years. Most
babies surviving infancy after repair of gastroschi-
sis can expect to become healthy adults [38].
Intestinal atresia occurs in 10-20% of babies with
gastroschisis and they may also have intestinal
necrosis, leading to short bowel syndrome. The
management of this is described below.

Short Bowel Syndrome

Tracey Johnson

Short bowel syndrome (SBS) is a collection of disor-
ders where a loss of intestinal length has occurred
that compromises the ability to digest and absorb
nutrients. Short bowel syndrome in children
may occur at any age, but the majority of cases
result following extensive bowel resection in the
early neonatal period. Resection may be required
in infants born with congenital abnormalities
(e.g. gastroschisis, bowel atresias and malrotation),
or in infants who develop necrotising enterocolitis
(NEC). In older children, SBS may result from
extensive resection following volvulus, trauma,
intestinal malignancy or Crohn’s disease. Even
in the absence of resection, children may have

conditions leading to a ‘functional short bowel’
including long segment Hirschprung’s disease and
radiation enteritis.

After an extensive bowel resection there are
many factors determining outcome. All these fac-
tors will have a bearing on the management of the
individual patient.

Infants are born with a small bowel length of 250
+40 cm [39]. Loss of intestinal length results in loss
of surface area for absorption and loss of digestive
enzymes and transport carrier proteins leading
to malabsorption. In general, loss of up to 50% of
small bowel can be tolerated without any major
nutritional problems and clinical features of SBS



usually result when more than 75% of the small
intestine has been resected. Although it is import-
ant, the length of remaining bowel is not the only
factor determining outcome; the site of resection,
presence or absence of the ileo-caecal valve, the pri-
mary diagnosis and any ensuing complications will
also influence the prognosis.

The key to survival after an extensive small
bowel resection is the ability of the remaining
bowel to adapt and take over the functions of the
resected segment of bowel. Adaptation begins
within 24-48 hours after resection. The remaining
small bowel hypertrophies, increasing the surface
area and the absorptive function. The absorptive
functions of the jejunum and ileum are given in
Table 8.1.

Despite the jejunum being the site of absorption
of the majority of nutrients, loss of jejunum is toler-
ated better than ileal resection. The reasons for this
are as follow:

e The ileum has a greater capacity for adaptation
than the jejunum. The ileum can adapt and
compensate for the absorptive functions of
the jejunum, but the jejunum does not have
the same potential for adaptation and cannot
develop the specialist functions of the ileum,
namely bile salt and vitamin B,, absorption.

e Transit time in the ileum is slower than in the
jejunum, allowing luminal contents to be in con-
tact with the mucosa for longer periods of time.

Table 8.1 Absorptive functions of the jejunum and the ileum.
Jejunum lleum

Glucose Vitamin B,
Disaccharides Bile salts

Protein Fluid

Fat Electrolytes

Calcium

Magnesium

Iron
Water-soluble vitamins
thiamin
riboflavin
pyridoxine
folic acid
ascorbic acid
Fat-soluble vitamins
vitamin A
vitamin D
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e The ileum has the capacity to absorb fluid
and nutrients against an osmotic gradient lead-
ing to favourable absorption compared to the
jejunum.

Presence or absence of the ileo-caecal valve also
has an important part to play in determining out-
come in patients with SBS. The valve slows transit
time, which increases the duration of contact of
luminal nutrients with the mucosal surface and
minimises fluid and electrolyte losses. It also serves
as a barrier to prevent bacterial overgrowth, which
can interfere with nutrient and fluid absorption.

Residual disease may worsen the prognosis of
infants following small bowel resection (e.g. after
resection for NEC the remaining bowel may not
be of good quality). This may affect function and
reduce the potential for adaptation. A diagnosis of
gastroschisis may be associated with intestinal dys-
motility resulting in poor feed tolerance even in
infants with a good length of bowel.

Dependance on parenteral nutrition (PN) appears
to be most governed by the remaining intestinal
length and absence of the ileo-caecal valve. This
was recognised by Wilmore [40] and has since been
confirmed by other studies [41,42].

Nutritional support

The aims of management are to maintain nutri-
tional status, facilitate adaptation of the remaining
bowel, control diarrhoea and minimise complica-
tions. Nutritional therapy needs to be tailored to
the individual child and is ideally managed by a
multidisciplinary nutrition team comprising a
paediatric gastroenterologist, dietitian, pharmacist,
specialist nurse and biochemist.

The development of PN is the most significant
factor in the improved survival of children with
SBS. PN assures adequate balanced nutrition to
maintain hydration and nutritional status and
to give time for intestinal adaptation to occur.
Although PN provides essential fluid and energy,
prolonged exclusive PN can lead to complications
and it is important to give PN in the longer term as
nutritional support rather than as the total source of
nutrition.

Enteral feeds may be nutritionally insignificant,
but they are nevertheless very important and
should be commenced as soon as post-surgical
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Parenteral nutrition

ORS continuously via nasogastric tube

Enteral feed continuously via nasogastric tube

Modify feed

Increase enteral nutrition and reduce PN

Trophic agents

Full enteral feeds

Figure 8.3 Progression from parenteral to enteral nutrition. ORS, oral rehydration solution; PN, parenteral nutrition.

ileus has resolved. Intraluminal nutrients are the
single most important factor in promoting intest-
inal adaptation in SBS [43]. Enteral feeds:

e Promote pancreatic secretions, hormones and
bile

e Arean important factor in preventing intestinal
failure related liver disease [44]

e May also help to prevent bacterial translocation
[45]

Although children with SBS may require PN for
long periods there is potential for progression to
full enteral nutrition. Figure 8.3 illustrates the
progression from parenteral to enteral nutrition.
Managing this transition is challenging as progres-
sion can be both prolonged and unpredictable.
Initially, oral rehydration solutions (see Table 7.2)
may be used, changing to a feed as tolerated. As
feeds are increased PN can be reduced with the
ultimate aim of independence from PN. The pro-
cess may take months or even years to complete
and can involve changing feeds and trials of trophic
factors (see p. 137).

The ability to advance enteral feeds results from
the process of intestinal adaptation. There are vari-
ous strategies that can help this process. It is import-
ant to put some feed into the bowel and this should
include feeding into a distal stoma, if present, to
maintain function.

Choice of feed

The choice of nutrients may be important. Complex
nutrients, especially long chain triglycerides (LCT),
stimulate adaptation better than simple nutrients,

the hypothesis being that the more work the bowel
has to do to digest a nutrient, the greater the stimu-
lus to adapt [46]. There is no consensus regarding
the best formula for infants with SBS. There is a lack
of randomised trials and most human data on the
nutritional management of SBS are derived from
retrospective analysis of case series. As a result, in
individual centres, practices depend more on years
of personal experience than on research.

Protein

Infants with SBS might be expected to benefit from
an extensively hydrolysed protein feed because of
the insufficient luminal surface area for digestion
and absorption, but protein digestion and absorp-
tion is completed in the upper small gut and is
generally not a significant problem in SBS. There is
probably little absorptive benefit from using amino
acids or hydrolysed protein feeds [47] and complex
proteins may in fact be superior in stimulating
adaptation. Cow’s milk protein intolerance can
occur in surgical neonates and has also been re-
ported in SBS so there may be a role for amino acid
based feeds when inflammation is present [48].

Fat

A similar compromise is needed when considering
dietary fat. LCT has the greatest potential for stimu-
lating adaptation, may be a source of long chain
polyunsaturated fatty acids and essential fatty
acids and has a lower osmolarity than medium
chain triglycerides (MCT). However, many chil-
dren with SBS have significant fat malabsorption
and feeds with a high content of LCT may result in
steatorrhoea. In contrast, MCT is water soluble and



therefore efficiently absorbed. The disadvantage of
MCT is its higher osmolarity and experimental evid-
ence has shown that formulas containing MCT
stimulate less intestinal adaptation than those con-
taining LCT [49]. A mixture of LCT and MCT to
combine the physiological advantage of MCT and
the positive effects of gut adaptation from LCT may
be the best compromise.

Carbohydrate

Carbohydrate has the greatest intraluminal osmotic
effect, but potentially can be well absorbed as brush
border enzyme activity can be induced according
to the composition of the feed. Feeds containing
sucrose will induce sucrase and those containing
glucose polymer will induce isomaltase [50]. The
exception to this is lactose.

Monosaccharides need no digestion but have a
higher osmotic load than polysaccharides. Just as
with protein and fat, it is suspected that polysac-
charides may stimulate intestinal adaptation better
than monosaccharides. Intact starch can also be
fermented to short chain fatty acids in the colon,
stimulating sodium and water absorption and pro-
viding a primary energy source for the colonocytes.

Breast milk

Breast milk may not seem the ideal feed as it con-
tains intact protein and lactose. However, breast
milk is associated with good gastrointestinal toler-
ance. As well as the psychological benefits for the
mother of using breast milk, it contains high levels
of immunoglobulin A (IgA), nucleotides and leuco-
cytes. Glutamine, LCT and growth hormone in
breast milk may have a role in intestinal adaptation
and there may also be benefits associated with
protective colonic bacteria. Importantly, in 2001,
studies showed that the use of breast milk corre-
lated highly with a shorter duration of PN and that
highly specialised formulas conferred no advant-
age over breast feeding [51]. It is the practice
in most centres managing infants with SBS to use
mother’s EBM in the initial stages of feeding.

Formula feeding

It is important to have a flexible approach to feed-
ing and knowledge of gut anatomy and physiology
allows informed decisions about nutritional man-
agement to be made. In the absence of EBM, or
when there is intolerance of EBM, the most
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appropriate feed to try would be a protein
hydrolysate feed with approximately 50% of the
fat as MCT. Suitable feeds would be Pepti-Junior
and Pregestimil (see Table 7.7).

As feed volumes are advanced, malabsorption
frequently occurs. It is helpful then to formulate a
feed to suit the individual child with a choice of
ingredients not predetermined by the composition
of a commercial formula. A modular feeding sys-
tem allows this flexibility giving a choice of protein,
fat and carbohydrate and the ability to manipulate
ingredients separately to find a feed composition
that is tolerated.

Tables 7.21-7.23 show some of the available com-
ponents of a modular feed that may be used. The
protein source can be a whole protein, hydrolysed
protein or amino acids. The carbohydrate source
may be polysaccharides, disaccharides (sucrose,
lactose) or monosaccharides and in practice a com-
bination of carbohydrate sources may be benefi-
cial so as not to saturate the capacity of a single
brush border enzyme. The ratio of LCT : MCT can
also be manipulated to tolerance. Electrolytes and
micronutrients are added to make the feed nutri-
tionally complete (see Table 7.24). An example
modular feed is shown in Table 7.26.

Establishing a modular feed involves systematic
stepwise changes to feed concentration and vol-
ume. Information about the volume and consist-
ency of stools needs to be documented carefully
and serial analysis of stool or stoma fluid for redu-
cing sugars, pH and fat is crucial to make informed
decisions about feed composition.

Trophic agents

There are few studies conducted in infants and
children regarding any trophic factors and, like
other aspects of managing SBS, requires more con-
trolled studies to justify their widespread use. Their
current use is based on trial and error but as a non-
invasive inexpensive intervention, a trial of pectin
or glutamine may be useful.

Pectin (available as Pectigel) is a water-soluble
fibre. In animal experiments pectin has been
shown to slow gastric emptying, slow transit
through the small bowel and enhance adaptation.
Following fermentation to short chain fatty acids
by colonic bacteria pectin may also improve colonic
absorptive function [52-54]. Slower transit allows a
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longer nutrient contact time with the intestinal
mucosa and in children with a preserved colon
pectin may also stimulate water and sodium
absorption [55]. A dose of 1g/100 mL feed has
been suggested [56].

Glutamine (available as Adamin G) is considered
to be an important energy source for rapidly divid-
ing cells such as the cells of the intestinal mucosa.
The benefit is unclear but glutamine supplements
may enhance adaptation, have an anabolic effect
on body tissues and improve enterocyte glucose
absorption [57]. Ideal dosage is unclear but animal
studies suggest that increasing the glutamine con-
tent of feeds to 25% total amino acids may enhance
adaptation [56].

Continuous tube feeding

Infants and children with SBS frequently tolerate
continuous enteral feeds better than bottle or bolus
enteral feeds. A slow infusion of feed allows
constant saturation of brush border enzymes and
carrier proteins leading to improved absorption.
Luminal nutrients are the single most important
stimulus for adaptation so maximising the time
during which nutrients are in contact with the
intestine will optimise the potential for adaptation.

Oral feeding

Continuous feeding allows for maximum nutrient
absorption, but infants need to learn to suck, swal-
low and chew. Small intermittent breast or bottle
feeds should be initiated to maintain oral feeding
skills and to lessen the likelihood of feeding diffi-
culties commonly seen in children who are tube fed
for extended periods [58]. Oral feeding will also
stimulate gallbladder contraction and gastrointe-
stinal secretions and perhaps therefore contribute
to a reduced risk of intestinal failure associated
liver disease.

Solids should be introduced at the appropriate
time around 6 months of age. There is no consensus
on the type of solids offered, but it seems sensible
when infants are receiving a special formula that
they are cow’s milk protein and lactose free. There
is no evidence to support the avoidance of other
foods such as egg, gluten, wheat or disaccharides
but in individual cases it may be necessary to
exclude other foods if intolerance is suspected.

Pharmacological agents

H, receptor antagonists and proton pump
inhibitors

Gastric hypersecretion frequently occurs after
massive bowel resection. This will increase gastric
aspirates and stool and stoma output, but more
importantly can impair absorption by inactivation
of pancreatic enzymes. Treatment with antacids is
commonly required.

Anti-diarrhoeal agents

Loperamide and codeine can be used to slow tran-
sit time and control diarrhoea.

Colestyramine

Resection of the terminal ileum can result in bile
salt malabsorption. Bile salts are conjugated to bile
acids by colonic bacteria leading to diarrhoea.
Colestyramine may help to bind the bile salts.

Short bowel syndrome in older children

Intestinal adaptation begins 24-48 hours after
resection but can continue for up to 3 years. As
children get older their feeds need to be reviewed
regularly. Feeds need to be age appropriate and
always given at the maximum level of tolerance.
Children often have voracious appetites, particu-
larly after PN is stopped and will consume vast
amounts of food to compensate for malabsorption.
For this reason, overnight tube feeds are often con-
tinued to provide additional nutritional support.

Weaning from parenteral nutrition

The transition to full enteral nutrition may take many
months or years to complete but many children
with SBS can eventually be weaned from PN. As feed
tolerance improves PN can be reduced. Initially,
the number of hours on PN and the volume infused
are reduced and, with time, it is usually possible to
reduce the number of nights children receive their
PN. Careful monitoring is required during the
period of transition to ensure both optimal growth
and to prevent micronutrient deficiencies.



Intestinal failure related liver disease

Parenteral nutrition has improved the outcome for
children with SBS but paradoxically it is associated
with many potentially fatal complications. These
complications include intestinal failure related
liver disease (IFRLD) which is seen in 40-60% of
children on long term PN [59]. The cause of liver
disease in children on PN is multifactorial with risk
factors including: prematurity [60], nutrient excess,
bacterial infection [61], failure to tolerate enteral
feeds [62] and failure to establish continuity of the
gut. Prevention and management of IFRLD involves
aggressive use of enteral nutrition, prevention of
line sepsis, the use of ursodeoxycholic acid and
‘cycling’ of PN to reduce the number of hours, or
days, that a child receives parenteral nutrition.

Monitoring

Monitoring is an important part of management of
children with SBS receiving PN and is even more
important as they are weaned from PN. Assess-
ment of stool output is crucial to monitor feed toler-
ance. This is the best indicator to assess the poten-
tial to increase enteral feeds and reduce PN.

Serial anthropometric measurements are useful
to evaluate nutritional status and track progress.
These should include not just weight and length
but head circumference, mid upper arm circumfer-
ence and skinfold measurements.

Nutritional bloods are also needed. Micro-
nutrients may be poorly absorbed and deficiencies
are commonly seen in children who are weaning
from PN and in those who are exclusively enterally
fed. The most common deficiencies seen are fat-
soluble vitamins, calcium, magnesium, zinc, iron
and selenium. Oral supplements should be started
to avoid clinical signs of deficiency.

Vitamin B,, receptors are restricted to the term-
inal ileum and if this has been removed in the resec-
tion children will require life-long injections of
B,, to prevent deficiency. Regular monitoring is
needed to assess the appropriate time for com-
mencement of vitamin B,,.

Sodium depletion can also occur in children with
either high stoma output or watery diarrhoea and
is a common cause of poor weight gain. Urinary
electrolytes are a good indicator of sodium status
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and should be measured regularly, aiming to main-
tain a urinary sodium : potassium ratio of approx-
imately 2 : 1.

Home parenteral nutrition

Many children with SBS can eventually be weaned
from PN. However, if PN is required for extended
periods of time it is appropriate to continue the
treatment in the home environment and there is
good evidence that catheter sepsis is reduced when
children are discharged home [63].

Surgery

A number of surgical interventions have been
tried to alter intestinal transit and promote adapta-
tion in children with SBS. These include plication
of the intestine and bowel lengthening proce-
dures [64,65]. Some children who develop end-
stage liver disease as a result of IFRLD, but have the
potential to eventually achieve independence from
PN, may benefit from isolated liver transplantation
[66]. Small bowel transplantation has developed
over the past 20 years to become a life-saving
option for children with SBS who develop the com-
plications of intestinal failure. For children with an
extremely short bowel permanent intestinal failure
is almost inevitable. Long term PN remains the
treatment of choice for this group, but intestinal
transplantation may be indicated for those children
who develop irreversible liver disease or impaired
venous access. Advances in surgical techniques
and immunosuppression have improved the out-
come of intestinal transplantation, but the survival
rate does not yet justify transplantation for children
who can be safely managed on parenteral nutrition
[67].
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Useful addresses

The Tracheo-Oesophageal Fistula Support Group
(TOFS)

St George’s Centre, 91 Victoria Road, Netherfield,
Nottingham, NG4 2NN

www.tofs.org.uk

Gut Motility Disorders Support Network
Westcott Farm, Oakford, Tiverton, EX16 9EZ

GEEPS (support group for families of children with
abdominal wall defects)

104 Riverside Road, Romford, RM5 2NS

www.geeps.co.uk



The Liver and Pancreas

Stephanie France

The liver

Liver disease in children differs greatly from that
in adults. Klein et al. [1] have summarised the
differences:

e Liver disease in paediatric patients is rare

e The causes of disease are more diverse

e Thereis a greater prevalence of inborn errors of
metabolism, biliary tract disease, primary infec-
tions and auto-immune disorders

e The higher anabolic needs for growth plus
catabolic effects of liver disease may result in
more nutritional deficiencies

The nutritional management of an infant or child
will depend on whether the liver disease is acute,
chronic or metabolic. Potential problems warrant-
ing nutritional attention occur when there is a dis-
turbance in the usual metabolic functions of the
liver. These include glucose homoeostasis, protein
synthesis, bile salt production, lipid metabolism
and vitamin storage.

Dietary therapy is usually aimed at the present-
ing symptoms including;:

e Hypoglycaemia from poor glycogen storage

e Fat malabsorption as a result of poor bile pro-
duction or flow

e Reduction in protein synthesis especially albu-
min, exacerbating ascites (Fig. 9.1)

Specific inherited metabolic disorders (IMD)
within the liver, however, require more specific
dietary treatment. These include tyrosinaemia,
fatty acid oxidation disorders, urea cycle defects,
glycogen storage disease, galactosaemia and fruc-
tosaemia (Chapters 17-19).

Infants tend to present with symptoms of biliary
tract disorders that can progress to a chronic con-
dition. Acute presentations are usually caused
by poisoning, or as a result of an IMD. An acute
presentation in an older child may be caused by
hepatitis infection, ingestion of a toxic substance or
to decompensation of an underlying chronic liver
disease that has been ‘silently’ progressing over
time, such as Wilson’s disease or auto-immune
liver disease.

Mechanisms for malnutrition

Potential causes of malnutrition in liver disease can
be summarised as:

Inadequate intake:

e anorexia, nausea, vomiting associated with
liver disease

e early satiety as a result of tense ascites, enlarged
liver/spleen

e Dbehavioural feeding problems

hospitalisation related depression

e unpalatable diet/feeds
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Figure 9.1 Liver disease in children.

Impaired nutrient digestion and absorption:

e bile salt deficiency

® pancreatic insufficiency

e portal hypertension related enteropathy

e malnutrition related villous atrophy

Increased nutritional requirements:

e hypermetabolism (during stress
infection)

e accelerated protein breakdown

e insufficient protein synthesis

such as

Nutritional assessment

Routine nutritional assessment is the basis for
identification and management of malnutrition
in liver disease. Difficulty arises as the severity
of malnutrition does not always correlate with
measurable biochemical markers such as liver func-
tion tests or vitamin and mineral status [2]. Plotting
length/height can indicate chronic malnutrition
over long time periods [3] but is not a very sensitive
marker in the short term. Weight measures can
be useful initially but become meaningless with
organomegaly and ascites [4]. Many other meas-
ures, biochemical in particular, are not useful in
liver disease [5]. Serial measures of upper arm mus-
cle circumference and triceps skinfold thickness are
essential parameters [6] on which to rely for assess-
ment of body fat and muscle stores [7,8]. However,
there is a lack of reference data upon which to com-
pare these measurements, particularly in the infant.

f Aldosterone
Ascites
Oedema

* Muscle bulk
* Skinfold

thickness

Cutaneous
shunts

Clubbing

Palmar
erythema

Data available are old, and not representative of the
current population [9].

As well as serial anthropometric measures,
assessment should include observation of physical
signs of vitamin deficiences, dietary intake, degree
of early satiety and any self-imposed restrictions.
It is important to consider any nutrition related
problems such as nausea, vomiting, diarrhoea or
anorexia.

Nutritional requirements

Nutritional requirements are summarised in
Table 9.1.

Acute liver disease

Acute liver failure describes severe impairment of
liver function in association with hepatocellular
necrosis, where there is no underlying chronic liver
disease. The term fulminant is usually used when
acute liver disease is associated with encephalo-
pathy [11]. However, children often do not exhibit
encephalopathy.

Causes of acute liver disease

e Infective (e.g. viral)
e IMD including haemochromatosis
e Toxins/drugs including chemotherapy
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Table 9.1 Nutritional requirements in liver disease.

Cholestasis

Energy

Infants: 100-150 kcal (420-625 kJ)/kg/day depending on
degree of malabsorption

150-180 mL/kg/day fluid usually as MCT based formula
Children: 100-120% EAR for age

Protein
10% energy from protein

Essential fatty acids
Additional depending on degree of malabsorption (walnut oil
supplements)

Vitamins
Additional A, D, E, K given orally or IM if necessary

Chronic liver disease

Energy

Infants: 130-180 kcal (545-750 kJ)/kg/day
Children: 120-150% EAR for age

Protein
Infants: 3—-6 g/kg/day
Children: 2 g/kg/day

Fluid
May be restricted if ascites

Sodium
No added salt where possible

Vitamins
Additional vitamins needed especially A, B, D, E, K

Minerals

Additional iron if blood losses; zinc in malabsorption
All requirements increased in generalised malabsorption
associated with portal hypertension

Acute liver failure

Energy

120-150% EAR for age

Protein

100-120% RNI —may be gradually introduced if IMD
suspected. Excessive amounts avoided

EAR, estimated average requirement; IM, intramuscular;
IMD, inherited metabolic disorder; RNI, reference nutrient
intake [10].

Irradiation

Ischaemic (e.g. Budd—Chiari syndrome)
Infiltrative such as leukaemia

Auto-immune

Trauma from abuse or seat belt laceration in a
road traffic accident

If presentation is rapid, infants and children are
often well nourished, so management is based on
maintaining nutritional status until there is some
improvement. If onset is dramatic there is a pos-
sibility of the critical life-threatening complication
of cerebral oedema, so patients are often treated in
intensive care. If the child survives, liver function
should return to near normal.

If the definition of fulminant hepatic failure is
strictly adhered to, a problem arises. It is difficult to
distinguish between disease that is actually acute
and that which is (undiagnosed) chronic disease,
manifesting as acute. The two conditions can appear
the same. A thorough investigation of all possible
causes is necessary. In particular, mitochondrial
disorders of metabolism should be excluded.

Developments in treatment

Developments in the treatment of extreme cases of
acute liver disease include auxiliary liver trans-
plantation. A live donor may be used, but this is
rarely necessary. A lobe of liver is transplanted and
used in addition to the child’s native liver. This can
provide a temporary back-up in the acute situation.
The obvious benefits are that the native liver is not
removed, but allowed to get better. If this happens
the transplanted liver is removed by surgery or
destroyed by weaning down the immunosuppres-
sive drugs. The immediate disadvantage is that the
child may have a longer crisis and convalescence
period because of the presence of the necrotic native
liver and the addition of immunosuppression.

Auxiliary transplantation is also useful in the
case of an IMD that originates from a defective
enzyme in the liver, in that it provides a source of
the required enzyme. It may be that genetic engi-
neering will eventually supercede the need for
transplantation so that the transplanted auxiliary
liver could be removed, negating the need for life-
long immunosuppression. However, mitochon-
drial based defects are not organ specific and will
eventually result in multisystem failure. There is no
cure at present for these disorders and liver trans-
plantation is not indicated.

Hepatocyte transplantation is an innovative
treatment [12]. As with auxiliary transplant, the
native liver remains, but instead cells are trans-
planted from a donor liver. This method is time
dependent as the cells need to multiply sufficiently



to take on the functions of the liver. So far, the tech-
nique has been advantageous in providing support
to a failing liver, perhaps while a suitable organ is
found, but has not yet been used in isolation. It does
mean, if successful in the future, that a donor liver
can be used for many more recipients and that live
related donation is less risk associated for the donor.

Molecular adsorbents recycling system (MARS)
is a form of dialysis technique for temporary liver
support. Although results are promising in arrest-
ing fulminant liver failure in adults, research is
lacking. Its use in children is anecdotal at present
[13].

Liver directed gene therapy is awaited and
considered to be on the threshold of human
application [14].

Dietetic management in acute liver failure

The dietetic management of acute liver failure lacks
consensus [15]. While several aspects of treatment
remain controversial, current practice is to provide
maximum nutritional support. For infants in particu-
lar, there is a difficulty surrounding the potential
diagnosis. Metabolic disorders can be responsible
for acute liver failure, the diagnosis of which can
present a major challenge particularly if the liver
is sufficiently damaged to produce secondary bio-
chemical abnormalities [16]. Without a diagnosis a
suitable feed choice is hindered and nutritional
adequacy is therefore delayed.

Older children and adolescents in particular are
less likely to have an undiagnosed IMD than are
infants, with the exception of Wilson’s disease. A
standard enteral feed may be introduced for these
patients and hence full nutritional requirements
will be rapidly met.

Dietetic management in acute liver failure
in infancy

On presentation a liver related IMD may be sus-
pected (e.g. galactosaemia, fatty acid oxidation
defect).

Initial treatment — emergency regimen

An emergency type regimen should be started as
soon as possible, as intravenous (IV) dextrose (and
saline) with additional potassium if the child is
having diuretic therapy. Enteral feeding should be
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established by the addition of glucose polymer
(i.e. a lactose and fructose free source of carbohy-
drate) to either oral rehydration solution or water.
Additional sodium/potassium supplements are
necessary. The child should be fed continuously
over 24 hours.

The aim of treatment initially is to meet glucose
oxidation rates to prevent protein/fat catabolism.
Guidelines for glucose requirements (see p. 392):

e Infants 8-9 mg/kg/min
e Toddlers 7 mg/kg/min
e Adolescents 4 mg/kg/min

The amount of glucose given can be increased
slowly according to tolerance. Infants often toler-
ate 18 g glucose/kg/day (i.e. 12.5 mg/kg/min). A
modular feed is then developed. Energivit is a use-
ful feed if fatty acid oxidation defects have been
excluded.

Addition of protein

Protein should be added to the feed as soon as
possible. The protein source should be lactose free
if galactosaemia has not yet been excluded, and
fat free if fatty acid oxidation defects have not
been excluded. Essential Amino Acid Mix is a
suitable lactose and fat free source of protein. A
child with any IMD, including those of protein
metabolism, should tolerate some protein which
contains all amino acids (providing the plasma
ammonia level is not excessive).

Infants should be given 1.5-1.9 g protein/kg dry
weight/day and children 0.8-1.0g protein/kg
dry weight/day, based on the minimum protein
requirements (World Health Organization) [17].

If tyrosinaemia has not been ruled out, and
depending on plasma amino acid levels, a tyrosine,
methionine, phenylalanine free amino acid mix,
XPTM Tyrosidon (fat free and lactose free)
could be used until a diagnosis of tyrosinaemia
is excluded.

It is important not to over-restrict protein, which
could result in endogenous ammoniagenesis from
protein catabolism. If a diagnosis of galactosaemia
is excluded Vitapro, which contains traces of lactose,
may be used as the protein source.

Addition of fat
Small quantities of walnut oil (p. 427) are needed to
provide essential fatty acids (EFAs): 1 mL/100 kcal
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(420 kJ) is recommended in the treatment of liver
disease. However, additional fat will be necessary
to meet energy requirements.

Long chain triglyceride (LCT) and/or medium
chain triglyceride (MCT) fat emulsion, as Calogen
and/or Liquigen, can be added to the feed as the
condition of the child is monitored. Increments
of 1g fat/kg/day are recommended. A complete
vitamin and mineral supplement will be necessary,
such as Paediatric Seravit. It is essential to meet
basal protein and energy requirements as soon as
possible to prevent catabolism and the build-up of
lethal metabolites as well as to preserve muscle and
fat stores.

Usually, diagnoses of galactosaemia and tyro-
sinaemia are excluded quickly. Other conditions
are likely to be ruled out from the presentation
details. Hence the above is theoretical and, usually
following the use of the emergency regimen, a
suitable formula can be used for the suspected
condition.

Branched chain amino acids
Abnormal amino acid profiles are seen in liver
disease. Plasma concentrations of aromatic amino
acids increase and the branched chain amino
acids (BCAAs) valine, leucine and isoleucine
rapidly decrease [18]. The extent of these changes
is thought to correlate with the degree of
encephalopathy [19]. A Cochrane review by
Als-Nielson et al. [20] concludes that the use of
BCAAs as a supplement is ineffective as a treat-
ment for encephalopathy. However, BCAAs are
preferentially used in catabolism and, as a result,
supplementation may allow a higher protein
intake without deterioration in mental state [21].
Unfortunately, there have been no randomised
controlled trials in children on the use of BCAAs
in acute liver failure.

BCAA supplements can be provided by
Generaid powder, Hepatamine, Generaid Plus,
Heparon Junior and Hepatical.

Chronic liver disease

There are many causes of chronic liver disease,
some of which are more likely than others to have
an early presentation. Some diseases may not be
recognised until the child is in adolesence.

Disorders presenting in infancy

e Inherited metabolic disorders including progres-
sive familial intrahepatic cholestasis (PFIC), bile
salt export pump (BSEP) deficiency

Infections

Biliary malformations including atresia
Vascular lesions

Toxic and nutritional disorders including
hypervitaminosis A and total parenteral nutri-
tion (TPN)

e Cryptogenic disorders (e.g. neonatal hepatitis)

Disorders presenting in children and adolescents

e Inherited disorders (e.g. cystic fibrosis; CF)

e Infections and inflammatory (e.g. sclerosing
cholangitis)

e Biliary malformations such as choledochal cyst

e Toxic, nutritional, cryptogenic including mal-
nutrition, non-alcoholic steatohepatitis (NASH)

Cirrhosis

This represents the end-stage of any chronic liver
disease. The chronic disease may initiate a repeti-
tive sequence of cell injury and repair. The conse-
quence of this is cyclical necrosis and fibrogenesis
which can lead to irreversible damage super-
imposed onto the original disease process [22].
The liver can compensate for the damage such
that the cirrhosis is asymptomatic. Decompensated
cirrhosis occurs when damage within the liver
causes blood flow to be impaired resulting in
symptoms such as portal hypertension, ascites and
varices.

Symptoms that can necessitate nutritional
intervention

Jaundice

Jaundice is classified as either conjugated or uncon-
jugated. Conjugated bilirubin is made water soluble
by the addition of glucuronide in the liver and
enters the bile. If bile flow from the liver is reduced
the stools will lack pigment. In this case the (conju-
gated) bilirubin glucuronide passes into the serum
and is then excreted in urine. Conjugated hyper-
bilirubinaemia occurs when the total serum biliru-
bin is raised and more than 20% of the bilirubin is



conjugated (normally <5% is conjugated). This
type of jaundice, with pale stools and dark urine,
represents significant hepatobiliary disease and is
described as cholestatic liver disease.

Unconjugated hyperbilirubinaemia is charac-
terised clinically by jaundice without bile in the
urine. This may be physiological in the newborn
and is not usually an indication for dietetic inter-
vention. Many of the infants seen in a specialist
liver centre present with conjugated hyperbilirubi-
naemia and the diagnosis of its cause is made later.
Most of the possible diagnoses for conjugated
hyperbilirubinaemia are given later (see p. 154).
Dietetic management is summarised in Table 9.2.

If the bile flow from the liver into the gut is lim-
ited, fat emulsification and digestion is reduced.
This leads to malabsorption of fat, fat-soluble
vitamins and some minerals. Steatorrhoea, growth
failure and rickets are common clinical consequ-
ences [23-25].

Fat malabsorption

To ensure an energy-dense diet is given, fat should
not be restricted but given to tolerance. In infants,
for whom fat is a more significant energy source, a
proportion of fat should be given as MCT [26,27],
which is independent of bile acids for absorption.
Many infants compensate for the loss of energy
resulting from fat malabsorption by taking increased
volumes of formula. Intakes can be as much as 2-3
times normal fluid requirements. For this reason,
an MCT rich formula (containing adequate amounts
of EFAs; e.g. Caprilon) should be introduced to
provide a form of fat and energy that can be
absorbed and hence feed volume can be reduced
to normal fluid requirements of 150-180 mL/kg
(Table9.2).

Breast fed babies with cholestasis tend to
demand huge quantities of milk without thriving
as a result of fat malabsorption. A significant pro-
portion of their requirements should be met by an
MCT rich formula (100-120 mL/kg), with breast
feeds used as a top-up, at least until bile flow re-
covers. Beware of giving an energy supplement of
MCT oil or Liquigen (combined with glucose poly-
mer, e.g. Maxijul, if better tolerated) before each
breast feed: care is needed to ensure adequate
amounts of breast milk are still being taken to pro-
vide all other nutrients necessary for growth. All
infants should be given some fat containing LCT,
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Table 9.2 Summary of dietetic management for infantile
conjugated hyperbilirubinaemia/cholestatic jaundice.

1 Is galactosaemia suspected?

No, change formula to Caprilon with or without breast feeds
(or MCT Pepdite if protein hydrolysate is required)

Yes, change formula to MCT Pepdite or Pregestimil without
breast feeds

2 Is galactosaemia diagnosed?
No, change to Caprilon with or without breast feeds
Yes, change to suitable lactose free formula

3 Isinfant breast fed?

No, use 150-180 mL/kg Caprilon

Yes, use 100-120 mL/kg Caprilon, usually divided between
each feed and given at the beginning with top-ups at the
breast. If cholestasis is resolving, growth and intake adequate,
continue exclusive breast feeds and monitor

4 Are blood sugars maintained?

No, consider adding glucose polymer (e.g. Maxijul) up to 3%
initially, minimum 3-hourly feeds day and night, may need
2-hourly or continuous if necessary

Yes, continue management

5 Ifinfant is failing to thrive, is intake adequate?

No, consider NG feeding

Yes, consider concentrating feeds, e.g. up to 20% Caprilon.
Beware that adding energy supplements reduces the ratio
of protein and EFAs to energy unless adequate supplied
from solids

6 Atweaning

Encourage as normal from around 6 months

Encourage rapid progression in texture if possible

Add Caprilon when making up dried baby foods instead

of water

Alternatively, add household foods (cream, butter, cheese)
and/or Duocal to supplement energy content of home cooked
purée foods or commercial baby foods

7 Continue to review and monitor

NG, nasogastric.

either as breast milk or prescribed formula, to pro-
vide a source of EFAs.

It is possible to manage cholestatic babies solely
on breast milk, particularly if cholestasis is resol-
ving and there is no definitive diagnosis, which
more frequently occurs in ex-premature babies.
Growth and intake of the baby and the health of the
mother should be monitored closely.

The amount of EFAs needed, as a percentage
of total energy intake, is unclear in children with
liver disease as deficiency may still occur in
those who have received supplementation [28].
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Table 9.3 Specialised products containing medium chain triglyceride (MCT) fats and their essential fatty acid (EFA) content.

EFAs as percentage energy

Product % fat as MCT Linoleic acid o-linolenic acid Ratio
Caprilon (SHS) 75 5.6 0.8 7.5
Pregestimil (Mead Johnson) 55 10.1 0.6 16.8
MCT Pepdite (SHS) 75 5.1 0.8 6.4
Pepti-Junior (Cow & Gate) 50 12.8 0.2 64
Monogen (SHS) 90 1 0.2 4.6
MCT Step 1 (Vitaflo) 90 1.4 0.2 7
Calogen (SHS)* 0 24 4.7 5
Solagen (SHS)* - 51 7.2 7
Liquigen (SHS)* 98 0 0 0
Duocal (SHS)* 35 4.4 1.1 4
Liquid Duocal (SHS)* 30 16.7 0.3 60
MCT Duocal (SHS)* 75 6.3 0.9 7
15% Caprilon + 5% Duocal 68 5.5 0.1 55
Generaid Plus (SHS)* 32 3.7 1.0 4
Heparon Junior (SHS) 49 9.3 1.3 7.1
Emsogen (SHS)* 83 3.4 0.1 47
Nutrison MCT (Nutricia)t 67 5.3 0.7 7.6
ESPCAN [29] recommendations 4.5-10.8 5-15

* These are energy supplements not infant formulas.
* Products used as comparison but are not infant formulas.

Recommendations from the European Society for
Paediatric Gastroenterology and Nutrition (ESP-
GAN) [29] are that infant formulas (including those
used for malabsorption) should contain 4.5-10.8%
energy as linoleic acid and that the ratio of linoleic :
o-linolenic acids is 5-15 (Table 9.3). It may be
assumed that the aim should be to meet the upper
limit as a significantly greater amount will be
required in a state of fat malabsorption.

Older children are encouraged to consume an
energy dense diet to meet the necessary increased
requirements. Glucose polymers are useful energy
supplements when a maximum fat intake is
reached. There are MCT rich feeds that are suitable
for older children (e.g. Emsogen, and Nutrison
MCT). Some products do not contain a suitable
proportion of EFAs, supported by clinical data [30],
unless taken with an additional source of fat from
solids or walnut oil. Up to 2 mL walnut oil per 100
kcal (420 k]) may need to be added to meet the
upper limit of EFAs depending on the levels
already provided by the feed.

Pancreatic enzyme insufficiency
Some types of liver disease, including Alagille’s

syndrome, progressive intrahepatic cholestasis and
choledochal cysts, may be accompanied by pancre-
atic enzyme deficiency which aggravates malab-
sorption. Because bile salts are required to activate
pancreatic lipase a functional deficiency may be
present in cholestasis. Finding a low stool elastase
may support a deficiency. In these cases, pancreatic
enzymes should be started and continued if a clin-
ical benefit is seen. It is unwise to use doses above
10 000 units lipase/kg/day.

Hypoglycaemia

The liver is essential for glucose homoeostasis.
It stores glycogen and during fasting mobilises
glucose. Infants and children with liver disease
commonly become hypoglycaemic as a result of
impairment of this function. Muscle glycogen
homoeostasis is also disrupted in liver disease.
In infants, more frequent feeds may need to be
offered, as well as ensuring an adequate volume is
taken. Overnight continuous feeds may be indic-
ated if the infant does not wake for feeds during
the night. It may be necessary to add carbohydrate
in the form of a glucose polymer to the infant for-
mula feeds. Initially, 1-3 g/100 mL feed is added



and may be gradually increased to 6 g/100 mL if
needed. Caution is necessary when feeds contain
large amounts of glucose as hypoglycaemia may
result from a rebound effect, particularly as the
feed is discontinued.

In children, regular complex carbohydrate in
meals and snacks is encouraged. Sugary foods and
glucose drinks can also be encouraged as long as
the intake is divided into regular portions to avoid
the rebound effect. It may be necessary to provide a
continuous overnight feed, or evening doses of
uncooked cornstarch (see p. 395) to ensure blood
glucose is maintained throughout the night. An
IV infusion of dextrose may be the only way of
controlling blood sugar initially while a feeding
routine is established and is a more accurate way
of determining the quantity of glucose required to
maintain adequate blood sugar levels.

Failure to thrive

Failure to thrive is very common in children with
liver disease as energy requirements are increased
[31-33] and intake is unlikely to be adequate with-
out intervention. A diet high in energy and protein
is encouraged but utilisation of nutrients may be
poor [34]. Additional supplements may be neces-
sary but often, if appetite is poor, nasogastric (NG)
feeding during the day or overnight is indicated.

As liver function diminishes, muscle wasting
increases in decompensated liver disease. The
value of BCAAs as a protein source is a subject of
discussion. Chin et al. [35] showed an improvement
in height and weight in children with end-stage
liver disease when supplemented with a BCAA for-
mula compared with an isocaloric, isonitrogenous
standard formula. This is possibly because BCAAs
are metabolised outside the liver and are preferen-
tially utilised by skeletal muscle.

Generaid Plus, a formula containing BCAAs
(37% of the protein) is sometimes used, though
palatability is poor. Flavourings can be successfully
added, or NG tube feeding may be required.
Although Generaid Plus is not a complete feed and
is not prescribable for children under 1 year, it has
been successfully used in infants from 4-6 months
when mixed solids would start to be introduced;
adequate monitoring is necessary. Table 9.4 sum-
marises a suggested strength administration.
Generaid Plus has a lower level of some micronu-
trients and to meet the requirements of an infant
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Table 9.4 Suggested initiation of Generaid Plus feeds.

Initiate at energy density of feed already being tolerated or
0—6 months initiate at 17% concentration, i.e. 0.75 kcal

(3 k))/mL (supplement with calcium, phosphorus, magnesium)
6-12 months initiate at 22—34% concentration, i.e. 1.0-1.5
kcal (4.2-6.3 kJ)/mL

>12 months initiate at 22—44% concentration, i.e. 1.0-2.0
kcal (4.2-8.4 kJ)/mL

Ensure sodium intake is adequate

Ensure adequate calcium, phosphorous, magnesium, iron

throughout the first year an intake of 850 mL at 22%
concentration is needed, which is rarely achieved in
an infant less than 6 months of age. Supplements of
calcium, phosphorous, magnesium and iron are
needed at intakes below this level (Table 9.5).

Heparon Junior is soon to be made available
in the UK and it awaits trials. It is designed for
cholestatic infants and contains almost 50% fat as
MCT and is supplemented with BCAAs (30% of
the protein). It is fortified heavily with fat-soluble
vitamins at a level that may not be justifiable in
many cases.

Both Generaid Plus and Heparon Junior are
low in sodium and do not meet the recommended
levels for infant formulas. For this reason, care is
needed to ensure an adequate intake of sodium and
appropriate monitoring (Table 9.5). Conversely,
Hepatamine and Hepatical, BCAA rich supple-
ments designed for adults, contain high levels of
sodium that limit their use in younger children.

Ascites and hepatomegaly

The greatest significance of ascites and hep-
atomegaly on nutritional status is the associated
loss of appetite resulting from a reduced abdominal
capacity for feeds and/or food. The aim is to give
smaller, more frequent and nutrient dense meals
and snacks. Supplementary NG feeding is often
required. Ascites is a feature of decompensated
liver disease and is managed aggressively with re-
striction of sodium and fluid intake. Diuretics are
used in preference to restricting fluids to allow an
adequate nutritional intake; however, resistant
ascites may warrant a fluid restriction of 60—-80%
normal requirements. In extreme cases it may be
that the infant self-restricts fluid intake to a greater
extent than that imposed. A reduction in fluid vol-
ume will necessitate the need for a concentrated
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Table 9.5 Examples of feeds suitable for infants with chronic liver disease.

Energy
— Protein  Fat MCT CHO  Sodium  Potassium  Calcium
(kcal) (k) (8 (8) % (8 (mmol)  (mmol) (mmol)
Modular feed
25 g Vitapro (Vitaflo) 98 408 19 1.5 2.3 3.3 4.5 2.5
125 g Maxijul (SHS) 475 2019 119 1.1 0.2
25 mL Calogen (SHS) 113 463 12.5 0.1
40 mL Liquigen (SHS) 180 740 20 0.5
14 g Paediatric Seravit (SHS) 42 179 10.5 0.1 9.0
0.8 mL 30% Sodium chloride 4.0
(50 mmol in 10 mL)
5 mL Potassium chloride 10.0
(20 mmol in 10 mL)
Sterile water up to a total of 900 mL
Total 908 3809 19 34 142.3 9.1 14.7 11.5
Per 100 mL 101 423 2.1 3.8 57 15.8 1.0 1.6 1.3
Concentrated Caprilon
20 g Caprilon (SHS)
Sterile water up to a total of T00 mL
Per 100 mL 104 437 2.4 5.6 75 11.1 1.3 2.7 2.1
Generaid Plus*
22 g Generaid Plus (SHS)
Sterile water up to a total of 700 mL
Per 100 mL 102 428 2.4 4.2 32 13.6 0.7 2.6 1.7

NB. Per 850 mL calcium 14.6 mmol (RNI infant 0—-12 mths 13.1 mmol); phosphorus 14.2 mmol (13.1 mmol); magnesium

80 mg (55-80 mg); iron 7.7 mg (1.7-7.8 mg)

Heparon Junior*

21 g Heparon Junior (SHS)

Sterile water up to a total of 100 mL

Per 100 mL 101 423 2.3

42 49 13.5 0.7 2.3 2.6

* Feeds do not meet sodium recommendations for infant formulas but used with caution when fluid volume is restricted in older

infants and when sodium balance can be monitored.

feed, preferably with a low sodium content provid-
ing 1.2-1.5 mmol/kg/day. Generaid Plus can be
used and concentrated to as much as 2 kcal (8.4
kJ)/ml (44% dilution) if this is done slowly and to
tolerance. An MCT based infant formula such as
Caprilon can be concentrated to as much as 1 kcal
(4.2Kk])/ml (20% dilution); in addition an energy
supplement (e.g. Duocal) can be used added
although sodium intakes may then be too high and
protein intake inadequate.

A modular feed system based on Vitapro, glu-
cose polymer and LCT and MCT fat emulsions
may be used to meet all specific requirements.
Sodium content can then be altered by the ad-

dition of sodium chloride. Such a modular feed
will need vitamin and mineral supplementation.
Examples of suitable feeds are given in Table 9.5
for comparison.

Modular feeds can be patient specific allowing
flexibility in energy and protein contents, MCT :
LCT ratio, electrolyte concentration and fluid vol-
ume. If increased cautiously, modular feeds can
be given at a density of 2 kcal/mL (8.4 k] /mL) (as
with Generaid Plus), which is advantageous if
nutritional requirements are high or fluid tolerance
is poor. Care is needed when teaching parents to
prepare feeds, particularly when more than two
ingredients are used. At home parents will always



need to ensure that they have an adequate supply
of each ingredient.

All fluids given within the daily allowance
should be nutritious, with proprietary supple-
ments used if necessary. The discouragement of
salty foods (see p. 210) can help to reduce natural
thirst as well as enforcing a sodium restriction
A rigid sodium restriction is difficult to impose
in children and often results in a corresponding
reduction in appetite and energy intake and should
therefore be avoided.

Portal hypertension and malabsorption

Cirrhosis can obstruct blood flow to the liver
causing portal hypertension associated with an
enteropathy and malabsorption, possibly second-
ary to increased pressure in the mesenteric venous
system (i.e. oedema of the mucosa of the small
intestine). However, studies have failed to show a
direct relationship between the degree of portal
hypertension and extent of malabsorption [36,37].
The presenting malabsorption that clinically appears
can be very difficult to control. Dietary treatment is
not universal and depends on the extent of malab-
sorption. More frequent (if not continuous) feeds
may increase absorption. Hydrolysed protein feeds
may be required (see p. 97). However, in extreme
cases TPN (preferably with some minimal enteral
feeding to preserve a functioning gut mucosa) may
be necessary.

Oesophageal varices

The presence of varices is not normally a con-
traindication to NG tube feeding, or to continuing
a normal diet. Occasionally in end-stage liver
disease, the huge varices that frequently bleed give
rise to a high level of caution such that TPN has
been warranted. Clear fluids and progression onto
a soft diet are introduced only 16-24 hours after
sclero-therapy.

Chronic encephalopathy

Restriction of protein is an accepted method of
initially treating encephalopathy and reducing
ammonia producing gut flora [11]. This can have
a deleterious effect on the nutritional status of
the child. The degree of encephalopathy must
be assessed to determine the level of restriction.
Ideally, energy intake should be increased to
decrease the protein : energy ratio and prevent pro-
tein breakdown for energy. Sodium benzoate may

The Liver and Pancreas 151

permit tolerance of a higher protein intake. The use
of BCAAs in encephalopathy has been discussed
elsewhere (see p. 149). Dietetic management in
chronic liver disease is summarised in Table 9.6.

Table 9.6 Summary of dietetic management in chronic
liver disease.

Failure to thrive

Ensure adequate intake

Concentrate feeds

Advise protein and energy dense solids/food/snacks
Ensure an adequate protein : energy ratio (i.e. 2.5 g
protein/100 kcal [420 kJ] or 10%)

Add energy supplement if overall protein : energy ratio
maintained e.g. from solids

Use higher protein feed or supplements, consider Generaid
Plus

Consider NG feeding

Consider continuous feeds for enhanced absorption

Hypoglycaemia

Optimise feed volume

Change to more frequent feeds/meals/snacks
Increase carbohydrate content of feeds
Consider NG feeding, continuous if necessary

Ascites

Change to smaller, more frequent feeds

Consider NG and continuous feeds

Optimise nutritional content of feeds if fluid restricted
Limit sodium intake (in feeds and advise on avoiding salty
foods)

Consider Generaid Plus or an alternate lower sodium feed

Encephalopathy

Initiate emergency regimen if necessary

Introduce protein ideally within 24 hours, at a minimum level
if necessary

Maximise protein provision as soon as possible

Ensure adequate energy intake

Consider supplementing with BCAAs

Monitor urea, ammonia and anthropometry to ensure
optimum protein provision

Assess if sodium benzoate has been used, but may exacerbate
ascites

Concentrate feeds and add energy supplements

Maxijul liquid or equivalent glucose drink can be useful
supplement in older children if adequate protein consumed
elsewhere

Portal hypertension and malabsorption

Initiate nutritional support

Consider hydrolysed protein feeds

Consider continuous feeds rather than bolus feeds

Assess the need for pancreatic enzyme replacement therapy
Consider parenteral nutrition preferably in addition to enteral
nutrition

BCAA, branched chain amino acid; NG, nasogastric.
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Additional factors to consider in assessing a child
with chronic liver disease

e Weight can be an unreliable indicator of nutri-
tional status.

e Organomegaly and the hepatic artery resistance
index (HARI) can be assessed on ultrasound
scan. An increase in liver size suggests worsen-
ing disease. An increase in spleen size can indic-
ate worsening portal hypertension. A repeated
HARI of >1 denotes reverse blood flow through
the artery and indicates severe damage poten-
tially warranting transplant. (All parameters
can be temporarily worse in acute on chronic
infection).

e A measure of prothrombin time or blood clot-
ting (international normalised ratio, INR) can
suggest poor synthetic liver function. If the INR
is repeatedly >2 it can indicate transplantation
is imminent.

e Repeatedly low albumin (Alb) denotes worsen-
ing liver function in chronic liver disease.

e Worsening liver function tests (LFTs) also show
a declining synthetic function.

e All the above parameters can be temporarily
worse in acute on chronic disease or infection.

e In the presence of ongoing jaundice with pale
stools, the significant cholestatic liver disease
will usually result in cirrhosis. However, cirrho-
sis may still occur in the absence or improve-
ment of jaundice as hepatocyte damage can
continue. This may not present as cholestatic
disease and MCT fats may not be necessary.

e Fat malabsorption can still occur in some con-
ditions (e.g. PFIC) where the bilirubin level is
not significantly elevated. This is because of
the inability to produce bile salts in the first
place. Hence, there is an inability to emulsify
and digest fat, but without the presence of sig-
nificant jaundice. In these cases the diagnosis
is an important consideration alongside the
symptoms.

Enteral feeding

Nasogastric tube feeding

NG feeding improves body composition in paedi-
atric liver disease [38]. The use of fine bore
polyurethane/silicone tubes is well tolerated and is

associated with low risk of variceal haemorrhage
[39]. Feeds may be administered as boluses, top-up
feeds, continuous feeds over 24 hours or overnight
infusion via a pump. Overnight feeds are particu-
larly useful as an addition to the usual daytime
regimen. The continuous delivery of feeds is often
the only route tolerated in cases of extreme malab-
sorption or hypoglycaemia.

Gastrostomy feeding

The placement of gastrostomies is contraindicated
in liver disease, particularly if the child has ascites.
It may also create potential problems with access to
the abdominal cavity (because of adhesions) during
liver transplantation. There is also a possibility of
variceal formation at the stoma site. The enlarged
liver and/or spleen creates a greater risk of
puncture if undergoing endoscopic placement of
gastrostomy. However, gastrostomies have been
successfully placed in exceptional circumstances
(Alagille’s, CF) when portal hypertension is not too
advanced [40].

Weaning

Weaning is encouraged as normal from about 6
months, with progression to nutrient dense foods.
Dried baby foods can be mixed with infant formula,
otherwise extra energy can be added in the form of
household ingredients (butter, oil, cheese) or pre-
scribed energy supplements.

Progression in texture should be encouraged
as quickly as possible. Failure to give solids regu-
larly during the normal stage of development
when chewing is learned may have profound
effects in terms of feeding behaviour later. Advice
from speech and language therapists, play ther-
apists, psychologists and health visitors can help,
particularly if they are involved at an early stage.

Vitamins, minerals and essential fatty acids

All infants and children with cholestatic liver dis-
ease require additional fat-soluble vitamins [27].
Good levels may be achieved with a complete vita-
min supplement daily (e.g. 5 mL Ketovite liquid,
three Ketovite tablets and a separate vitamin K



supplement; 1 mg IV preparation given orally), at
least until cholestasis resolves. There are no studies
to assess whether these children are deficient in
water-soluble vitamins, but it is likely that thereis a
greater need for B vitamins with their increased
energy requirements.

Fat-soluble vitamin deficiencies are a feature of
cholestatic and long-standing severe liver disease.
Colestyramine is prescribed to increase gallbladder
contraction and impairs absorption of fat-soluble
vitamins. The general supplement is continued in
these cases. Adequate monitoring of fat-soluble
vitamin levels is essential and separate oral vitamin
doses should be given and adjusted accordingly
if necessary. In severe malabsorption, adequate
levels become difficult to achieve and this can high-
light the need for the vitamins to be given as intra-
muscular (IM) injections.

Increased mineral requirements may include
iron if bleeding has been a problem; zinc if vitamin
A deficiency occurs; and calcium and phosphate if
vitamin D deficient rickets is found. Selenium defi-
ciency is associated with EFA deficiency.

EFA deficiencies may be seen in children with
chronic cholestasis [41] and resulting severe fat
malabsorption or those who have been on very low
fat diets for long periods. Additional supplements
of these may also be required. Walnut oil provides
the ideal ratio of linoleic: o-linolenic acid (see
p- 427). The extent to which a different pre- and
post-transplant intake of EFAs can prevent defi-
ciency and hasten recovery of EFA status remains
to be determined [42].

Nutritional support pre-transplantation

As decompensation occurs, a good nutritional state
becomes more and more difficult to maintain in the
child with chronic liver disease. Fortunately, earlier
liver transplantation offers a future for the majority
at this stage. Although donor matching is based on
blood type only, waiting time on the list is unpre-
dictable. The advancement in live related trans-
plantation is likely to lead to fewer fatalities while
waiting.

A decline in nutritional status despite maximal
nutritional support often highlights the need for
transplantation, as malnutrition adversely affects the
outcome of liver transplantation [43]. Improving
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nutritional status prior to transplant can help to
reduce complications [44]. With transplantation
as the particular aim, both patients and carers show
increased willingness for aggressive nutritional
support. Sometimes the struggle to maintain nutri-
tional status necessitates a combination of enteral
and parenteral nutrition.

Dietetic management pre-transplantation is sum-
marised in Table 9.6.

Prescribing parenteral nutrition

Parenteral nutrition (PN) has been successfully
used in the provision of adequate nutrition in chil-
dren with chronic liver disease, although ideally
enteral nutrition is maximised in the first instance.
Prescriptions for PN must consider fluid and sod-
ium restrictions. Fat is usually provided as LCT
directly into the circulation, with due monitoring of
lipid clearance by measuring plasma triglycerides.
Fan et al. [45] demonstrated that lipid clearance can
improve when using an LCT/MCT blend.

BCAAs have been given intravenously, although
as with enteral administration, the evidence that
they are beneficial is controversial. There may be a
benefit in avoiding preterm amino acid solutions
(e.g. Primene) as they contain higher levels of aro-
matic amino acids which are already elevated in
liver disease. Manganese should be avoided as it
is not cleared from the liver when bile flow is
impeded and as such is toxic to hepatocytes.
Manganese may also be deposited in the brain.

Nutritional support post-orthotopic liver
transplantation

Immediately post-transplantation

Liver transplantation in children is technically
more difficult than in adults. The liver is cut down
to size match, sometimes just using the right or left,
or part of the left lobe. As a result of the higher incid-
ence of biliary tract disease as an indication for
transplant in children, and the increased use of cut-
down donor livers, it is unusual for the bile duct to
remain intact. In a child who has not previously
required a Kasai operation (see p. 155), a Roux loop
will be fashioned from the intestine, through which
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the bile will drain from the transplanted liver. This
reconstruction delays enteral feeding for 4-5 days.

For children who have had a previous Kasai
procedure, enteral feeds may start on the third
day. Feeds are gradually increased thereafter as
tolerated. TPN should be considered when enteral
feeds are delayed, but is not routine and depends
on the nutritional status of the child. Double
lumen enteral tubes are used in adults for gastric
aspiration alongside jejunal feeding. However,
such tubes are not available for children because
of the variation in size requirements. It is not
usual practice to insert two tubes; hence, adequate
enteral nutrition may be delayed until gastric
stasis resolves. Normal age appropriate feeding is
introduced gradually over a couple of days. A good
nutritional intake can be expected 7 days post-
transplantation.

Generally, children with nutritional problems
pre-transplantation continue to have problems post-
transplantation. NG tube feeding is extremely com-
mon pre- and post-transplant especially in infants,
and may be needed for up to a further 2 months
after discharge post-transplant. However, intake of
solids can rapidly improve and a normal diet for
age is expected 6 months post-transplant [46].

The clearing of long-standing jaundice and the
introduction of high dose steroids (as anti-rejection
treatment) have an important role in promoting a
good appetite post-transplant. It can be surprising
how many children begin to eat well, including
those previously reliant on tube feeds with little
solid intake. Taste preferences can alter dramat-
ically post-transplantation, possibly because of taste
perception altered by ciclosporin (an anti-rejection
drug). Parents are encouraged to offer new foods
and to expect taste changes alongside an increased
willingness to eat.

Possible complications

Chylous ascites may develop as a result of damage
to lymph vessels during transplant surgery. This
resolves but needs treatment for up to 2 weeks on
a low LCT diet, using an MCT based formula to
provide energy (e.g. Monogen, MCT Step 1 or
Emsogen; see p. 148).

During periods of sepsis or rejection, bile flow
may temporarily become limited, again necessit-
ating the use of an MCT formula. Hepatic artery

thrombosis may require retransplantation. Intestinal
perforation will require gut rest. In both situations
enteral feeds are further delayed and TPN may be
needed.

Immunosuppression

Basic food hygiene rules using common sense
should be encouraged. The commonly used anti-
rejection drugs, tacrolimus and ciclosporin, present
nutritional challenges. Tacrolimus absorption is
affected by food and should ideally be given 1 hour
before or after food. This can substantially reduce
the hours available for feeding an infant and in
practice this aim is overruled. Both ciclosporin and
tacrolimus cause low serum magnesium. Levels need
to be monitored and extra magnesium given, as
much as 0.5-1.0 mmol/kg/day. These supplements
are not well tolerated and can cause diarrhoea.
Grapefruit (including juice) needs to be avoided
when on tacrolimus as it may induce toxicity.

Liver diseases in young children requiring
nutritional management

Infantile conjugated hyperbilirubinaemia is the
most common presentation for an infant with
hepatobiliary disease. The dietetic management is
summarised in Table 9.2. It is not a diagnosis but a
symptom and needs further investigation. Several
tests (e.g. blood tests, ultrasound, biopsy report)
will be required to find the diagnosis and at this
stage an IMD may be considered. Galactosaemia
needs to be excluded (in some parts of the UK
screening for galactosaemia is routinely performed
on the Guthrie card at birth).

Galactosaemia

The urine is tested for reducing substances using a
Clinitest tablet and for glucose using a dip stick.
Galactosaemia is unlikely if the urine is negative for
reducing substances and negative for glucose. There
can be a false negative result if the infant has not
been fed lactose recently. Confirmation is via the
measurement of blood galactose-1-phosphate uridyl
transferase level (see p. 402). If there is any doubt
while awaiting confirmation, a lactose free formula
should be started and breast feeding discontinued



(mothers should be encouraged to express their
breast milk). MCT Pepdite and Pregestimil are suit-
able formulas as they also contain MCT fat.

Biliary atresia

Biliary atresia (BA) is a progressive disease which
is defined as the complete inability to excrete bile
because of obstruction, destruction or absence of
the extrahepatic bile ducts. This leads to bile stasis
in the liver with progressive inflammation and sub-
sequent fibrosis. Bile drainage can be restored by
the Kasai operation which bypasses the blocked
ducts. It should be performed as soon as possible
after birth. Late Kasai operations (i.e. after 8 weeks
of age) are associated with a poor prognosis [47].

Prior to giving feeds with a high MCT content
post-Kasai, the majority of children did not thrive
[26]. It is now routine practice to advise a feed high
in MCT, preferably up to 1 year of age. However, a
recent audit [48] found poor growth in infants on
a standard MCT formula and concluded that a
greater macronutrient dense MCT feed is needed.
Rarely, infants do well on breast feeding alone but a
walnut oil supplement is recommended to ensure
adequate EFAs (see p. 147). Additional vitamins
orally and IM are prescribed. As BA is a progres-
sive condition, despite having the Kasai procedure
a large proportion of children will require liver
transplantation at some point in the future. Hence,
nutritional monitoring is essential and further
intervention may well be necessary.

o, -Antitrypsin deficiency

The genetic deficiency of the glycoprotein o, -antit-
rypsin can cause various degrees of liver disease in
infancy and can present with cholestasis. The exact
physiological role of o,-antitrypsin is not known.
The liver disease is thought to be secondary to the
uninhibited action of proteases which are critical in
the inflammatory response (although the explana-
tion is unlikely to be as simple as this). The severity
of this condition, degree of liver involvement and
nutritional management vary significantly. Some
children require no nutritional intervention and are
clinically well whereas others will need intense
nutritional support and may come to transplanta-
tion before the age of 1 year. Initially, fat malab-
sorption is the main problem but as damage
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progresses other symptoms of decompensated
liver disease will require other dietary therapy.

Alagille’s syndrome

This syndrome is diagnosed on a collection of fea-
tures including intrahepatic biliary hypoplasia
(paucity of the intrahepatic bile ducts) and cardio-
vascular, skeletal, facial and ocular abnormalities.
It is a rare condition. Chronic cholestasis predom-
inates clinically [49], although some have cyanotic
heart disease as their main problem. Conjugated
hyperbilirubinaemia presents followed by pruritus
and finally, if severely affected, xanthelasma which
usually appears by 2 years of age. This is possibly
the most challenging condition in terms of nutri-
tional management. Frequent problems include:

Poor growth and failure to thrive

Appalling appetite

Pancreatic insufficiency and malabsorption
Vomiting

Severe itching thought to be exacerbated by
improved nutrition

In those severely affected children who suffer
with xanthelasma there is no evidence at present
that restricting dietary cholesterol and saturated
fats helps reduce their cholesterol levels. The
majority that are severely affected are NG fed
and warrant all possible nutritional intervention.
Indeed, malnutrition and severe itching may be the
main considerations for the need for transplanta-
tion, providing that the associated heart disease is
not a compounding factor.

Choledochal cysts

Choledochal cysts are dilatations of all or part of
the extrahepatic biliary tract. They may occur in
infants (and can be detected in utero) and children.
They may remain undiagnosed for years. Ursode-
oxycholic acid is a drug used in this situation to
improve bile flow and may enable a small cyst
to disappear requiring no further treatment. How-
ever, cysts often require surgical removal. Indeed,
some are so large and invasive that the extrahepatic
bile ducts have to be removed and a Kasai proced-
ure is performed (see above). Dietetic intervention
is indicated when bile flow is affected and fat
malabsorption occurs. Post-surgery, any required
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catch-up growth should occur quickly negating
further nutritional intervention.

Haemangioma

These are benign vascular tumours of the liver and
there are two types: they may undergo spontaneous
regression by thrombosis and scarring, or they may
grow rapidly. If large the tumours are supplied by
wide blood vessels taking a large proportion of the
cardiac output. Initially, spontaneous regression
will be awaited. However, if cardiac failure devel-
ops in a young infant, hepatic artery ligation is
essential to cut off the blood supply to the tumour.
Nutritional intervention is often not needed at all.

In rare cases the child may require liver trans-
plantation if for some reason ligation cannot be per-
formed. These cases are dramatic, presenting with
a huge liver, worsening cardiac function and a very
small capacity for feeds. Continuous NG feeds will
almost certainly be needed with restricted volume
and sodium. A modular type feed or Generaid Plus
may be the most useful formula (Table 9.5).

Cystic fibrosis

Cystic fibrosis can present in the newborn as con-
jugated hyperbilirubinaemia.

Neonatal hepatitis

The cause of the hepatitis is unknown. The severity
varies and rarely results in cirrhosis. Usually, bile
flow resolves in time. In these cases fat malabsorp-
tion is treated with dietary intervention until bile
flow and adequate growth resume.

Inspissated bile syndrome

This is conjugated jaundice caused by a plug of
thick bile blocking the bile duct and hence affect-
ing bile flow. Resolution may occur naturally with
time, or with the help of ursodeoxycholic acid
(enhancing bile flow), or under percutaneous tran-
shepatic cholangiography (PTC), or in rare cases it
requires surgical excision. Nutritional intervention
with an MCT containing formula may be necessary
until this time. The syndrome often occurs in
infants who have been nil by mouth (e.g. after
surgery and long courses of TPN).

TPN induced cholestasis

The exact pathogenesis is unknown. The aetiology
is multifactorial [50] and while components of the
TPN can act as a direct insult to the liver, equally
the damage to the immature liver can be caused by
infections from lines and sepsis from gut bacterial
translocation. There are several suggested measures
[51-53] that appear to minimise effects on liver
function. These include:

e Starting minimal enteral feeds if possible,
preferably with some bolus feeds to stimulate
bile flow

e Starting ursodeoxycholic acid to improve bile
flow

e Minimising sepsis through line care

e Rotational antibiotics to prevent gut bacterial
overgrowth

e Reducing the number of hours or days on TPN
where possible

Minimising lipids is possibly helpful but only when
adequate alternative energy can be provided.

TPN induced cholestasis is often associated with
infants with short guts. The difficulty is providing
adequate nutrition while the gut is given time to
grow without necessitating a liver transplant from
irreversible damage from TPN. Desperate measures
have included gut lengthening surgery to decrease
gut adaptation time [54], use of novel substrates
(glutamine, growth hormone, fish oils, probiotics,
e.g. Yakult), as well as continuous enteral feeding
of adequate volumes to promote gut adaptation
(see p. 137).

Isolated liver transplant has a role in selected
children with intestinal failure, particularly those
with a short but normally functioning gut who
have progressive satisfactory intestinal adaptation,
but developing liver disease. Those children with
TPN related liver disease and unadapted gut or
irreversible intestinal disease need combined liver
and small bowel transplantation [55].

Progressive familial intrahepatic cholestasis

PFIC is a group of liver diseases involving mem-
brane transport proteins involved in formation of
bile. There are three types: PFIC 1, familial intra-
hepatic cholestasis (Byler’s disease); PFIC 2, bile salt
export pump (BSEP) deficiency; PFIC 3, multidrug
resistance 3 (MDR3) disease. Children with MDR3



may have normal bilirubin levels but, because of
low concentrations of phospholipids in bile, require
MCT based formula.

PFIC 1 and BSEP have similar symptoms. Unlike
other causes of cholestasis, the gamma-glutamyl
transpeptidase is low. Average age of onset is 3
months (but in some not until later childhood). It
can progress quickly to cirrhosis in the first year of
life. Few survive beyond 20 years without treat-
ment. Pruritus is a major symptom, out of propor-
tion to the level of jaundice. Biliary diversion and
liver transplantation are treatment options.

Growth is a major problem and most children are
short in stature and thin. Malabsorption is consid-
erable and poses a challenge to the dietitian. Apart
from requiring MCT fat, a hydrolysed protein or
amino acid based feed is often best tolerated (e.g.
MCT Pepdite). NG feeds are commonly used; how-
ever, because of considerable scratching as a result
of pruritus and general irritability, the tube often
becomes dislodged. Gastrostomies have been con-
sidered more frequently in this group.

In PFIC 1 the success of liver transplantation is
questionable, particularly as the severity of the con-
dition is so diverse. Growth may not be improved
and diarrhoea remains a problem as the defective
gene, which is responsible for bile acid re-absorp-
tion, is also expressd in the intestine. Colestyramine
has been used to treat the diarrheoa with some suc-
cess, by binding the bile acids. However, fat and
vitamin malabsorption is an associated side effect.
Dietary therapy using hydrolysed protein feeds
with a high MCT content continues post-trans-
plant. Research is needed in this disease.

Common presentations of liver disease in
older children

Auto-immune hepatitis

This rarely necessitates dietetic intervention, unless
associated with inflammatory bowel disease (IBD).
If dietetic input is required management of the
presenting symptoms will be n