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Nutritional Care for Infants
with Chronic Kidney Disease

Donna Secker, M.S., RD
Clinical Dietitian, The Hospital for Sick Children
Toronto, ON

Chronic kidney disease (CKD) is defined as the presence of kidney damage or decreased
level of kidney function for three months or more, irrespective of diagnosis. The kidney is like
a filter’ It removes wastes from the body, regulates levels of water and different minerals
needed by the body for good health, and produces hormones that control other body functions.
Chronic kidney disease interferes with the kidneys’ ability to perform these functions. CKD
tends to worsen over time. The level of glomerular filtration rate (GFR) is widely accepted as
the best overall measure of kidney function in health and disease. During the early stages of CKD,
when changes in the kidneys glomerular filtration rate (GFR) have not occurred or are mild, there
may be no warning symptoms. Later, as the kidneys continue to fail, complications such as uremia,
bone disease, and anemia begin to occur. In the early stages, the only treatment needed may be
a change in diet, control of blood pressure and/or the use of some specific medications. When
the kidneys are near the end of their function (< 10% of their normal rate), either dialysis or
transplantation is needed. This last stage is called end-stage renal disease or ESRD.

Incidence and Causes

In North America, chronic kidney disease affects nearly 500 individuals per 1 million
population per year; 1-2% are in the pediatric age range.' The causes of pediatric ESRD are
substantially different from those in adults. Hypertension represents only 5% of all pediatric
ESRD and diabetes is an extremely rare cause of ESRD in the pediatric population. The primary
cause of CKD among infants is cystic/hereditary/congenital disease (e.g. renal hypoplasia or
dysplasia, congenital obstructive uropathy, polycystic kidney disease, Alport’s disease)."?
Infants who progress to ESRD are treated primarily with peritoneal dialysis until they are ready
for kidney transplantation, which usually is not performed before they reach a minimum
weight of 10 kg.

Nutrition-related Manifestations of Chronic Kidney Disease

Infants with renal failure tend to feed poorly and vomit easily and are at risk for chronic
dehydration, high urinary sodium losses, metabolic acidosis and hyperparathyroidism.’ These
factors contribute to protein energy malnutrition, renal osteodystrophy (bone disease), and
delay in growth and development. Growth delay and underweight are associated with an
increased risk for morbidity and mortality in children with CKD.**
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Growth Delay

Studies have documented poor growth in infants with CKD, with
the average height at 12 months of age being between 2 to 3 standard
deviation scores below the mean.*” Growth is influenced by a number
of different factors, including age at onset of disease, cause of the renal
disease, water and electrolyte imbalance, metabolic acidosis, renal
osteodystrophy, anemia, endocrine disturbances, and malnutrition.*
Although the causes of impaired growth and development are
multifactorial, early and aggressive correction of nutritional
imbalances leads to improvements.® Treatment with recombinant
human growth hormone has successfully stimulated growth in
infants and children with CKD." Adequate nutritional intake is
especially important to ensure that the infant achieves optimal
response to growth hormone therapy.

Feeding Problems

Infants with CKD are typically satisfied with small volumes of
oral feeds and may exhibit persistent vomiting, gastroesophageal
reflux, or post-traumatic feeding disorder, feeding problems that occur
primarily in infants who have experienced distressing or painful
events involving the nose, throat or esophagus (e.g. nasogastric tube
insertion, endotracheal suctioning, intubation). All of these disorders
are common and contribute to feeding dysfunction, undernutrition,
and growth failure. Delayed gastric emptying and gastric
dysrhythmias occur alone or with gastroesophageal reflux (GER)."
GER has been found in over 70% of infants and children with CKD
suffering from vomiting and feeding problems.*" Symptoms are
multifactorial and diminish with time or persist until transplantation.
Thickened feeds, maintaining the infant in an upright position during
and after feeds, and the use of whey-predominant formula are
common empirical therapies for GER. Prokinetic medications (e.g.

GER has been found in domperidone, metpclopramide, 'cisap.ri.de),
and H,-antagonists (e.g. cimetidine,
ranitidine) or proton pump inhibitors (e.g.
omeprazole) to prevent reflux esophagitis,
may be beneficial.*** Cisapride was recently
withdrawn from the market; however, for

over 70% of infants
and children with CKD
suffering from vomiting
and feeding problems.

patients with GER-associated malnutrition
not amenable to other prokinetics, with careful monitoring, cisapride
may still be considered when no other risk factors for QT-
prolongation are present.” Gastrojejunostomy tube feeding or
fundoplication may be warranted for patients who continue to vomit
and fail-to-thrive.

Disinterest in solid foods is common; however, unless there is
severe development delay or medical contraindication, the goal
should be to introduce solids and advance textures at the same age as
for healthy children. Toddlers often have poor or fussy appetites.
Parents frequently express frustration in feeding their infant or
toddler and may force-feed or pressure them to eat, or give
inappropriate attention (i.e. verbal prompts to eat, playful
interaction) to undesired behaviors (e.g. gagging, turning the head
away), and reward desired behavior (e.g. accepting food, swallowing,
sitting quietly) with very brief and minimal interaction. Messages
from members of the nephrology team about the importance of
nutrition increase attention to food intake and may inadvertently add
to parental stress or the risk for feeding problems (e.g. food refusal,
self-induced vomiting)."* Anticipatory guidance to parents to establish
regular feeding times and consistently enforce limits around food and
unacceptable eating behaviours can help minimize these
behaviours."

Nutrition Management

The goal in nutrition management is to promote optimal growth
and development through maintenance of good nutritional status
and prevention of malnutrition, uremic toxicity, and metabolic

abnormalities such as uremia, hyperkalemia and hyperphosphatemia.
This is an ongoing process that requires frequent monitoring and
adjustments to nutrition care.

Modification of dietary intake may include alteration of energy,
protein, phosphorus, sodium, potassium, and/or fluid intake. To
support achievement of adequate intake, restrictions are imposed
only when clearly needed and should be individualized according to
age and development.” Infants and toddlers who have high urine
outputs or are on peritoneal dialysis typically require less stringent
diet restrictions. Dietary and fluid restrictions should never be
allowed to interfere with meeting nutritional goals; if necessary,
dialysis should be initiated or increased instead. Parents, family
members, and primary caretakers must all be involved to have
appropriate formula, foods and beverages available and to provide
consistency of care in adhering to dietary modifications.

Nutritional Requirements

Nutrient recommendations for infants with CKD are based on
recommendations for healthy individuals and should be used as a
starting point.” (Table 1) Revisions are made based on the infant’s
response. Where there is a range of values for a restriction, the upper
end of the range is tried initially and decreased if necessary. >
Chronological age is recommended for determination of requirements.

Energy

Adequate intake of calories is important not only for weight gain
and growth but also to avoid protein being used as an energy source.
Caloric supplementation in infants taking <80% of recommendations
has been shown to prevent or reverse weight loss and growth failure.®***
If intake is adequate and there is no sign of malnutrition,
supplementation may cause obesity without improving growth.
Infants who are anorexic, or have GER, frequently require
supplementation with oral or tube feedings of fortified expressed
breast milk or high calorie formula up to 2 kcal/mL (60 kcal/0z).* The
low renal solute content of breastmilk is ideal; however, many
mothers are unable to keep up with the demands of expressing breast
milk while trying to cope with their infant’s illness. Infant formulas
containing lesser amounts of phosphorus and potassium, such as
Similac PM 60/40° (Ross Laboratories) or Good Start® (Nestle
Nutrition) are usually required. Good Start® is lower in cost and 100%
whey-based, which increases the rate of gastric emptying. Increasing
the caloric density of formula by concentration is often not possible
because of the increase in sodium, potassium, and phosphorus. The
choice of whether to add carbohydrate modules (Caloreen®, Nestle
Nutrition; Moducal®, Mead Johnson Nutritionals; Polycose®, Ross
Laboratories; Scandical®, Axcan Scandipharm Inc.) and/or fat should
be guided by serum glucose and lipid profiles, the presence/absence
of malabsorption or respiratory distress (carbohydrate metabolism
increases CO, production), as well as cost to the family. Unless
malabsorption is present, regular oils can be used in oral formula,
provided parents shake the feeding bottle well before and during
feeding. An oil containing emulsified fat (Microlipid®, Mead Johnson
Nutritionals) will prevent the oil from separating out during
continuous tube feedings. Gradual, stepwise increases in energy
density of 3-4 kcal/oz theoretically improve tolerance.* As energy
density increases, oral intake may decrease and supplemental tube
feeding may be needed. Nasogastric, gastrostomy, and
gastrojejeunostomy tubes have all been used successfully to provide
additional formula or oral supplements by intermittent bolus or
continuous infusion.?* To encourage daytime oral intake,
continuous overnight feeds are generally preferred. Infants and
toddlers who have been tube fed experience a difficult transition to
oral feeding.* Careful attention to oral stimulation and involvement
of a multidisciplinary feeding program' enable most tube-fed
children to do without tube feeding post-transplant.?*



Protein

Infants and toddlers not yet needing dialysis should be
prescribed protein intakes according to the DRI.' Protein intake often
exceeds recommended levels of intake. Restrictions in dietary protein
have been noted to postpone the development of uremic symptoms
and the start of dialysis in animals with advanced renal failure. By
contrast, the results of similar dietary manipulations in adults and
children have been disappointing. Reasons for this difference
between animal and human studies are complex and include the
diversity of underlying renal diseases, genetic backgrounds, comorbid
conditions and the difficulty to define and adhere to low protein diets
in the long term.” Goals for infants and toddlers should focus on
avoiding excessive protein intake for the purposes of avoiding
exacerbation of uremia and limiting dietary intake of phosphorus,
which is commonly found in protein-rich foods.

In some instances, dietary protein intake may be insufficient
because of anorexia, low meat intake due to altered taste sensations or
chewing problems, or alow phosphorus diet which limits protein-rich
dairy foods. Protein malnutrition may also occur in spite of adequate
protein intake when energy intake is low. If clinical evaluation
suggests protein malnutrition, protein intake should be increased.
Protein recommendations may be exceeded as long as serum urea
and phosphate levels are acceptable.”® Protein of high biological value
(meat, fish, poultry, eggs, milk and milk products) should constitute a

major part of total protein intake because it minimizes urea
production by reusing circulating nonessential amino acids for
protein maintenance. Minced or chopped meat, chicken, fish, egg or
tofu can be added to soups, pasta or casseroles. Milk and milk
products, eggs, poultry or fish can be substituted if meat is disliked;
however, phosphorus intake may increase.

Vitamins And Minerals

CKD alters the status of many vitamins and minerals. When the
volume or variety of dietary intake is limited by anorexia or dietary
restrictions, the risk for deficiencies is increased. Vitamin D
supplementation should be provided for exclusively breastfed infants,
especially those at highest risk for development of vitamin D
deficiency rickets (i.e. infants who are born to vitamin D deficient
mothers, have limited exposure to sunlight, or are dark skinned).
Fluoride supplementation should be considered in areas with low
fluoride levels in the water source when fluoride intake from other
sources is also low. When estimated intake is considerably less than
the DRI'>'"2% supplementation with a pediatric multivitamin + iron
may be indicated. Excessive amounts of vitamins C and A are avoided.
Vitamin D metabolites are initiated based on serum levels of
parathyroid hormone (PTH), calcium and phosphorus. Infants on
erythropoietin therapy to treat renal anemia usually require large
amounts of supplemental iron.

TABLE 1: DAILY NUTRIENT RECOMMENDATIONS FOR INFANTS AND TODDLERS WITH CHRONIC KIDNEY DISEASE

INFANT TODDLER
Nutrient (birthto 1y) (1-2y)
Energy (kcal/kg/d)* birth — 6 mo, boys: 95 and girls: 87 boys: 87
7 = 12 mo, boys: 82 and girls: 75 girls: 82
Protein (g/kg/d) pre-dialysis birth — 6 mo: 1.52° 0.88 - 1.10°
7-12mo: 1.1 - 1.5°
peritoneal dialysis birth =6 mo: 29-3.0 1.9-2.0
7-12mo:23-24
hemodialysis birth — 6 mo: 2.6 1.6
7 -12mo: 2.0
Sodium
- if edematous or hypertensive, restrict to: 1-3 mmol/kg/d
Potassium
- if hyperkalemic, restrict to: 1-3 mmol/kg/d
Calcium (mg/d)° birth = 6 mo: = 210 =500
7 - 12 mo: > 270
Phosphorus (mg/d)*
- if hyperphosphatemic, restrict to: low content formula and foods <460
Vitamins 100% of the DRI
- if needed, supplement to: vitamin D metabolite to prevent hyperparathyroidism and renal osteodystrophy
avoid excess vitamins A and C
Trace Minerals 100% of the DRI
- if needed, supplement to: iron supplementation is usually needed with erythropoietin therapy
Fluids unrestricted unless indicated
if needed: total fluid intake (TFI) = insensibles + urine output + other losses

* Institute of Medicine. Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Protein and Amino Acids Macronutrients. Washington: National Academy Press; 2002
* Energy recommendations are the EER (Estimated Energy Requirements). They are based on active PAL (Physical Activity Levels) as the level recommended to maintain health and decrease risk
of chronic disease and disability. EER are presented in kcal/kg as determined by dividing the Active PAL EER (total kcal/day) by the reference weight for each respective age

“ Protein recommendations are the Al (Adequate Intake) for birth — 6 months

¢ Protein recommendations are the range of EAR (Estimated Average Requirement) to RDA (Recommended Dietary Allowance) for 7 months to 18 years
¢ Institute of Medicine. Dietary Reference Intakes for Calcium, Phosphorous, Magnesium, Vitamin D, and Fluoride. Washington: National Academy of Sciences, 1997.
"Institute of Medicine. Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B-6, Folate, Vitamins B-12, Pantothenic Acid, Biotin, and Choline. Washington, DC: National Academy

of Sciences; 1998.

Institute of Medicine. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids. Washington, DC: National Academy of Sciences.; 2000.
Institute of Medicine. Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, lodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc.

Washington, DC: National Academy of Sciences; 2002.
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Phosphorus

Hyperphosphatemia and hypocalcemia are some of the first
symptoms of loss of renal function. Serum concentrations of calcium
and phosphate must be kept within normal ranges to prevent renal
osteodystrophy and poor growth. Dietary restriction of phosphorus is
needed. Non-breastfed infants require a low phosphorus-content
formula (Similac PM 60/40° Good Start®), which may be continued
beyond the first year of life to delay introducing high-phosphorus
cow’s milk. Intake of milk and milk products are customarily limited to
< 240 mL/d, in combination with daily limits of eggs, cheese and
peanut butter. Non-dairy, edible oil products can be used in lieu of
milk. Intestinal absorption of phosphate can be minimized with
phosphorus binders. Calcium-containing phosphate binders
(calcium carbonate, calcium acetate) along with high doses of active
vitamin D metabolites are given to maintain serum calcium at a
concentration required to suppress PTH activity.

Sodium

Sodium is directly related to fluid balance. The need for salt
restriction depends on the original kidney disease and residual kidney
function. Infants and children with urinary salt-wasting syndromes
such as obstructive uropathy, renal dysplasia, tubular disease, or
polycystic kidney disease may require sodium supplementation to
prevent sodium depletion, decrease in extracellular volume, and
impaired growth.* Patients with glomerular disease, or those who
have low urine outputs typically need limited sodium and fluid intake
to control fluid gain, hypertension, and edema. Commercial baby
foods do not contain added salt. Homemade baby foods should be
prepared using fresh ingredients and without adding sodium and
finger foods should also be low in sodium content.

Potassium

Potassium metabolism is directly linked to muscle function.
Elevated serum levels (hyperkalemia) are often asymptomatic but can
produce cardiac arrythmias or arrest. For infants who are hyperkalemic,
dietary potassium intake should be limited. A low potassium formula
should be chosen and parents should be educated on the potassium
content of commercial and homemade baby foods and beverages.
A potassium-binding medication (e.g. Kayexalate) may be necessary.

Fluids

Infants who have high urine output require additional fluid intake
to prevent chronic dehydration and poor growth. Fluid restriction
(Table 1) because of edema or hypertension is seldom necessary in
infants, except perhaps those managed with hemodialysis.

Conclusion

Nutritional therapy is fundamental to the management of infants
with chronic kidney disease. Frequent dietary adjustments occur at
the same time as dramatic changes in growth and development.
Consequently, optimizing nutritional status is an ongoing process
that requires regular monitoring and adjustments to the nutritional
plan based on changes in age, development, anthropometrics,
biochemistries, remaining kidney function, and medications.
Consistent promotion of the benefits of dietary modification and
provision of practical information and emotional support to parents
of infants and toddlers with CKD can positively influence clinical
outcomes and minimize stress around nutritional issues.
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Please post or photocopy the reverse side for your patients.



Did you Know’;

[ 2:3% of all foodbome illnesses lead 1o secondary long-term
illnesses. In infants and young children, 1 out of 10 who become
sick from a certain strain of £.coli will develop hemolytic uremic

syndrome, a disease that affects the kidneys and other organs.
This strain of bacteria has been associated with drinking or eating:
- unpasteurized fruit juice - unpasteurized cider
= SWo - unpasteurized milk and cheese - undercooked ground beef
\ FE - cold cuts - hot dogs
\D = - chicken - pork
- lamb - contaminated water

L] worm weather, while ideal for outdoor picnics and barbecues,
provides perfect conditions for bacteria in food to multiply quickly
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Do's and Don'ts of Food Sdyety

10 wash your hands and your children’s hands with hot soapy water before and after handling food

10 use e or cold packs in your cooler Wb Sites:
10 place containers of cold food on i for serving htp://www.he-sc.ge.ca
http://fightbac.org

10 keep cold foods cold: 4° C (40° F) or colder
10 use a meat thermometar to make sure food reaches a safe intaral femperature (see chart)

10 kegp hot foods hot. Maintain hot foods above 60° C (140° F)

10 keep foods aut of the unsafs temperature range of 4° C - 60° C (40° F - 140° F) where bacteria grow rapidly
Don’¥ use sauce that was used fo marinate raw meat, fish or poultry on cooked food

Don't put cooked food on the same plate that held raw meat, fish or poultry

Dot eat preared foods that have been af room temperature for more than 2 hours

Intemal Temperature Sarety Guide

FOOD COOKED INTERNAL TEMPERATURE
Hamburger 71°C (160° F)
Roasts, Steaks 63° C (145° F) medium rare
71° C (160° F) medium
Grownd Foultry 74° C (165° F)
Foultry Farts 77°C (170° F)

Cook until juices run clear

7ish 63° C (145° F)
Should be opaque and should flake easily

| Heinz Infant Nutrition Institute www.hini.org.




