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Abstract

Improved medical treatment in respiratory care and nutritional support for preterm
infants has increased neonatal survival rate. A focus on nutrition in the preterm infant is
critical to their overall health and development. Early aggressive feeding and the
fortification of breast milk with protein and minerals have both been shown to improve
weight gain, mineral accretion, and neurological development. There are currently no
standard recommendations for nutrient intakes after the preterm infant is discharged from
the hospital. Excessive weight gain during the first four months of life has been linked to
later risk factors such as hypertension, diabetes, cardiovascular disease, and obesity.
Breastfeeding has been shown to reduce these risks when given in amounts that mimic
growth patterns of their term peers. It is important to balance the risks of overfeeding
with the risks of not promoting optimal growth when providing nutrition support to the

neonatal population.
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Chapter I

Introduction

Feeding the preterm infant has posed serious challenges to medical staff. Current
recommendations of the American Academy of Pediatrics are “designed to provide
nutrients to approximate the rate of growth and composition of weight gain for a normal
fetus of the same postmenstrual age and to maintain normal concentrations of blood and
tissue nutrients” (1). Infants born premature tend to develop complex medical problems
and have longer length of stays in the Neonatal Intensive Care Unit (NICU) compared to
their term peers. The common medical complications of prematurity can have significant
nutritional consequences (2). Common health problems that affect preterm infants
include postnatal growth failure (3), bronchopulmonary dysplasia (BPD), necrotizing
enterocolitis (NEC) (4), gastro esophageal reflux (GER) (5), and osteopenia of
prematurity (4).

The purpose of this review is to identify the differences between the term and
preterm infant physiologically so as to provide the most appropriate medical nutrition
therapy to prevent failure to thrive and nutrient deficiencies. Focus will be on
appropriate feeding regimens for premature infants both during hospitalization and after
hospital discharge.

1. 1. Weight Classification of Newborns

Newborns are classified in a number of ways. A typical classification is according
to week of gestation (or gestational age). A term infant is one born between 37 and 42

weeks gestation. A preterm infant refers to an infant who is born less than 37 weeks
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gestation (4). Corrected gestational age refers to the age of the infant and subtracts their
weeks of prematurity (4). For example, a preterm infant that is four weeks old (born at
30 weeks gestation) is classified as 34 weeks corrected gestational age, not one month
old. It would not be appropriate to label this preterm infant as one month old at 34 weeks
gestation as this infant developmentally is not equivalent to an infant that is one month
old and born at 40 weeks gestation.

A second method of classifying infants is by weight at birth. Infants weighing
between 1500g and 2500 g (3 1b 5 oz to 5 Ib 8 0z) are classified as Low Birth Weight
(LBW). Infants weighing between 1000g and 1500g (2 1b 30z to 3 1b 5 0z) are
considered Very Low Birth Weight (VLBW). Those infants born less than 1000g (less
than 2 1b 30z) are classified as Extremely Low Birth Weight (ELBW). Term infants are
expected to weigh more than 2500¢g (5 1b 8 0z) at birth (4).

Growth charts are used to plot the infant’s birth weight and weight over time in
order to assess growth pattern and nutritional status. Appropriate for gestational age
(AGA) describes a fetus or newborn infant whose size is within the normal range for his
or her gestational age (6) and plots between the 10™ and 90" percentile on the growth
chart. Large for Gestational Age (LGA) refers to infants who are larger than expected for
their age and gender or infants with a birth weight above the 90th percentile. Small for
Gestational Age (SGA) refers to infants that plot below the 10™ percentile on growth
charts (7) or whose birth weight is greater than two standard deviations below the average
birth weight for gestational age (8). Of preterm infants, about 30 to 40 percent are
classified as SGA (9). SGA infants of the same gestational age as their AGA peers have

a higher incidence of mortality (10). The reason for the growth restriction may not
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always be known; however, maternal causes can include hypertension (chronic or
pregnancy induced), smoking, and substance abuse (11). Analyzing head circumference
and body length can help determine when growth deprivation occurred (4).

Analyzing the symmetry of growth by focusing on weight, head circumference,
and length can help determine when the growth pattern was altered in utero. In
asymmetric growth patterns, weight has been stunted, but length and head circumference
is normal. This indicates that growth restriction has been of shorter duration. Symmetric
growth restriction can be defined as having weight, length, and head circumference all
proportionally below the 10™ percentile. This type of growth restriction indicates a
longer duration of growth retardation and is usually the result of placental insufficiency
(4). Intrauterine growth restricted (IUGR) infants fall into the latter category. Infants
classified as IUGR can be preterm or term infants and are often SGA due to suboptimal
growth in utero, and their growth is generally symmetric in nature. The most growth
restricted infants of this group have a more difficult time meeting goals for extra uterine
growth (8).

1.2 Growth Expectations of Term and Premature Infants

Weight can be defined as the total mass of body compartments, including lean tissue,
fat, extra cellular and intracellular fluid. Changes in weight reflect changes in body
composition and growth (4). Initial weight loss after birth is expected in term and
preterm infants due to shifts in extra cellular and intracellular water compartments (4).
Extra cellular water decreases with gestational age as protein and fat mass increases.
Initially, term infants lose up to 10% of their birth weight. Preterm infants can lose up to

15% of their birth weight, as these infants have more extra cellular fluid and less lean
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tissue and fat mass. Infants less than 1000 grams with even higher amount of extra
cellular fluid present may lose as much as 20% of their birth weight (4). In the absence
of adequate nutrition early postnatal, up to 50% of the weight lost can be losses of
endogenous glycogen, lipid stores, and lean body mass due to increased metabolic
demands after birth (12). These losses can further add to postnatal growth failure
common in preterm infants, especially very low and extremely low birth weight infants.
Birth weight is expected to be regained by two weeks of age for preterm infants (12-16).
Growth of the premature infant has been shown to be linked to neurodevelopment
(17-18). In a recent study by Ehrenkranz et al. (2006) 492 extremely low birth weight,
preterm infants were followed after discharge from the NICU at 18 and 22 months
corrected age. Researchers compared the rate of weight gain to the incidence of
neurodevelopment states such as cerebral palsy and Bayley Il Mental Developmental
Index (MDI) of <70 (17). Bayley II Mental Developmental Index is considered the gold
standard criterion used to assess and diagnose motor and cognitive development. An MDI
of 85 to 114 is considered normal, a score of 70 to 84 is considered mildly delayed, while
a score of less than 70 is defined as significantly delayed performance (19). Results
indicate that during the NICU hospitalization, the growth velocity of infants had a
significant effect on neurodevelopment and growth at both 18 and 22 months corrected
age. As weight gain increased from 12.0 g/kg/day to 21.2 g/kg/day the incidence of
cerebral palsy, Bayley Il MDI score of <70, neurodevelopmental impairment, and the
need for re-hospitalization decreased significantly. Cerebral palsy incidence decreased

from 21% to 6%, Bayley II MDI scores of <70 decreased from 39% to 21%,
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neurodevelopmental impairment decreased from 55% to 29%, and the need for re-
hospitalization decreased from 63% to 45%. (17).

The long term effect of prematurity on growth patterns has also been examined.
Hack et al. (2003) conducted a longitudinal, age-specific cohort study of VLBW infants
and collected weight, height, and BMI into adulthood. A total of 103 male and 92 female
VLBW infants with an average birth weight of 1,189g and gestational age of 29.8 weeks
were included in the study. Infants were followed from birth and compared against a
population-based sample of 101 male and 107 female normal birth weight controls at the
age of 8 years old. For the VLBW infants, weight and height were determined at birth,
40 weeks gestation, 8 and 20 months, and 8 and 20 years old. Weight and height were
determined at 8 and 20 years of age for the control group. VLBW females reached catch-
up growth in weight, height and BMI between 8 to 20 years of age, whereas VLBW
males remained significantly shorter in stature and BMI than controls. At age 20 years,
VLBW males mean weight was 69 kg (controls weighed 80 kg), mean height was 174
cm (compared to 177 cm for controls), and a mean BMI of 23 (controls with a BMI of

26) (20).
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Chapter 2
Nutrient Accretion in Preterm Infants
During the third trimester most nutrient accretion, brain development, and somatic
growth occur. These processes are interrupted when the infant is born prematurely. The
last 3-4 weeks of gestation are important in accumulation of nutrient body stores and
overall growth of the fetus. For term infants, more than 80% of total body calcium and
iron is accumulated in the last three weeks of pregnancy (21). Preterm infants are born
with relatively low stores of many nutrients including vitamins, minerals, and fat (22).
Being born with low nutrient stores puts the preterm infant in jeopardy for many potential
complications. For example, during a fasting state, adults are able to obtain needed
energy in the form of endogenous stores. Glycogen stores are used first followed by fat
and protein stores using the gluconeogenesis pathways (23). In a fetus, fat and protein
stores increase with gestational age (24). An infant born at 38 weeks weighing 3500
grams will have more fat and protein stores than an infant born at 28 weeks, weighing
1100 grams and therefore would survive longer in the face of starvation (23).
2.1 Mineral Requirements
Fetal accretion of minerals is highest during the last trimester with peak accretion
between 36-38 weeks (24). Calcium accretion during 26-36 weeks gestation is estimated
at 2.3 to 3.2 mmol (90-120 mg)/kg/d. Phosphorus accretion during this time period is
estimated at about 1.9 to 2.5 mmol (60-75 mg)/kg/d and magnesium at 0.1 to 0.14 mmol
(2.5-3.4 mg)/kg/d (24). Preterm infants born during or prior to this critical period of

growth and development do not achieve adequate mineral stores.

11
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Providing enough calcium and phosphorus to preterm infants in amounts that match
the fetal accretion rate is challenging. After birth, preterm infants are often in unstable,
critical conditions and have decreased intestinal absorption of minerals. Tsang et al
(1993) recommends an intake of 120-230 mg/kg/d of calcium, a phosphorus intake of 60-
140 mg/kg/d, and a magnesium intake of 4.3-7.2 mg/kg/d to attempt to match fetal
accretion rates (25). It is difficult to provide adequate levels of calcium and phosphorus
in parenteral nutrition solutions due to the possibility of precipitation of salts (4). Preterm
infant formulas and human milk fortifiers are specifically designed to meet the high
mineral needs of preterm infants (4).

Vitamin D accretion is also interrupted when the infant is born prematurely. Vitamin
D is important in the maintenance of calcium-phosphorus homeostasis by acting on the
kidney and bone. It assists with the absorption of calcium and phosphorus in the gut and
may also play a role in normal cell differentiation in the marrow of bone (4).
Maintaining an intake of 400 IU’s of Vitamin D in most term infants has been shown to
normalize serum 25-hydroxyvitamin D levels (26). Measuring serum 25-hydroxyvitamin
D levels is the most accurate test for determining levels of Vitamin D in the body (4).

Rickets is a disease of bone formation in children, most commonly the result of
Vitamin D deficiency (7). It is marked by inadequate mineralization of developing
cartilage and newly formed bone, causing abnormalities in the shape, structure, and
strength of the skeleton (7) such as bowed legs or pigeon’s breast (protruding chest).
Rickets in term babies is not uncommon in developed countries. Adequate sun light
exposure and dietary intake of Vitamin D help decrease the prevalence of rickets.

Women with limited exposure to sunlight (for example cultures where women wear veils

12
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and/or rarely leave the home) have lower levels of Vitamin D, and if they breastfeed,
their babies are at higher risk of deficiency (7).

Preterm infants are at higher risk of developing rickets. According to Dabezies and
Warren (1997) the incidence of rickets is about 39% in preterm infants. The bone fracture
rate is about 10% in VLBW infants (27) because preterm infants do not have the
opportunity to accrete normal intrauterine amounts of vitamins and minerals such as
calcium, phosphorus, magnesium, and Vitamin D, leading to compromised bone
structure. If supplementation is not provided and maintained after birth, the preterm
infant is at an increased risk of developing rickets (28).

Other factors that determine bone mineral accretion in utero include genetic and
environmental factors. Environmental factors include diet and lifestyle of the mother.
Mothers with low calcium intakes during pregnancy, or those who are especially thin can
slow calcium accretion in utero. Lifestyle habits such as smoking can also retard bone
mineralization (29). Godfrey et al. (2001) examined the influences parents have on
intrauterine skeleton growth. Pregnant females were interviewed by trained research
nurses at 14.7 weeks gestation and again at 28 weeks gestation. Menstrual and obstetric
histories, anthropometric data, and smoking habits were collected. Fathers’ weights and
height at birth were also gathered. A total of 145 term infants were included in the study.
Once born, infants were weighed and measured (head circumference, mid-arm muscle
circumference, and abdominal girth), and dual-energy x-ray absorptiometry was used to
measure the bone mineral content (BMC) and bone mineral density (BMD). Infants
whose mothers smoked had 11% decrease of whole body BMC compared to infants of

non-smoking mothers. Maternal and paternal birth weight and height were positively
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correlated with both BMC and BMD. Greater whole body BMC and BMD was seen in
infants whose mothers weighed more at birth. There was an even stronger association
between the father’s birth weight and the infant’s whole body BMC and BMD. Both
fetal and early post natal skeletal growth is a known determinant of future adult bone
mass and risk of hip fractures (30).

2.2 Osteopenia of Prematurity

Osteopenia of Prematurity (decreased bone mass) (4) is common in preterm
infants. Osteopenia is a decrease in the amount of calcium and phosphorus in the bone.
Low amounts of these minerals in the bone prevent the bone from remodeling, properly
mineralizing and growing normally (31). This can cause bones to be weak and brittle,
and increases the risk for broken bones. As stated earlier, infants born prematurely do
not achieve adequate amounts of calcium and phosphorus, because they are born prior to
the highest period of intra uterine accretion of vitamin and minerals. Proper absorption
of calcium can not occur in the gut and kidneys in the presence of a Vitamin D
deficiency. A lack of sufficient amounts of Vitamin D therefore can also cause
osteopenia (4).

Preventative nutrition involves providing enough calcium, phosphorus, and
Vitamin D in amounts to match fetal accretion rates. This is not always feasible due to
the infant’s often unstable status after birth. Partial or total parenteral nutrition is often
the first form of nutrition introduced to the neonate. Parenteral nutrition is limited in the
amounts of calcium and phosphorus it provides due to solubility issues with calcium and

phosphorus salts in solution (32). The goal of parenteral nutrition is to provide enough
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calcium and phosphorus to normalize serum levels while preventing precipitation of the
salts in solution (4).

Enteral nutrition is the most optimal way for preterm infants to meet vitamin and
mineral requirements. Breast milk and term infant formulas do not have adequate
amounts of calcium and phosphorus to meet the needs of preterm infants (33-34).
Feeding the preterm infant breast milk with fortifiers that include calcium and
phosphorus has been shown to improve bone mineral status (35). In addition, breast
milk has low levels of Vitamin D (12-60 IU/L) which needs to be provided as a
supplement to all breastfed infants. Term infants that are exclusively breastfed should be
supplemented with 200 IU/d of vitamin D by two months of age (36) for the duration of
breastfeeding. Standard infant formulas provide 400 1U/I of Vitamin D and preterm
formulas provide 500 to 1200 IU/1 of Vitamin D. Term and preterm infants are
recommended to have a daily intake of 400 IU/day Vitamin D (37) if rickets is not
present.

The use of low-mineral formulas, soy-based formulas, unfortified human milk, or
term infant formulas for preterm infants can increase the risk of osteopenia of
prematurity. According to Rigo et al (2007), retention of approximately 60 to 90 mg/kg/d
of calcium enterally will provide the preterm infant with adequate levels for appropriate
bone mineralization, decrease the signs and symptoms of osteopenia, and decrease
fracture risk. An intake of 100-160 mg/kg/d of “highly bioavailable calcium salts”, a
phosphorus intake of 60 to 90 mg/kg/d (38), and an intake of vitamin D of 160-400 IU

per day are currently recommended (4). According to the American Academy of
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Breastfeeding Medicine, fortifying breast milk with calories and nutrients or using
preterm infant formulas (39) will meet the needs of preterm infants (39-40).

Alkaline phosphatase is an enzyme that originates mainly in liver, kidney, and
bone. It may be elevated in normal growth, liver disease, and/or bone disease. In
metabolic bone disease, alkaline phosphatase levels rise due to osteocyte production and
calcium deposition in bones (4). This is a common measure used to determine the
presence of bone disease in infants. Normal values in preterm infants can be up to five
times the adult reference range. Values greater than five times the adult range in infants

free of liver disease (500mg/dL or greater) is an indicator of bone disease (4).

2.3 Energy and Protein Requirements of the Term Infant
Energy requirements for the term infant are based on median energy intakes of
healthy infants, and take into consideration thermic effect of feeding, activity level of the
infant, and need for growth. The current recommended daily allowances (RDA) for term
infants is 108 kcal/kg for infants 0-6 months of age, and 98 kcal/kg for infants 6-12
months of age. The current RDA for protein intake is 2.2 g/kg/day for 0-6 months and

1.6 g/kg/day for 6-12 months of age (41).

2.4 Caloric Needs of the Preterm Infant
Caloric needs of the preterm, low birth weight (LBW) infant are higher than their
term peers (Table 1). LBW infants expend more energy for tissue synthesis and have a
higher basal metabolic rate (BMR). The gold standard of energy needs and growth of the

preterm infant is to mimic intrauterine growth rate and nutrient accretion of term infants
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(3). General caloric needs are estimated to be 120 kcal/kg/day (enterally), 50 of which are
needed for BMR and about 75 kcal/kg/day for calorie expenditure. The infant needs to
consume about 5 to 6 kcal per gram of weight gained. LBW infants who consume 120
kcal/kg/day (enterally) gain about 15 g/kg/day which are the current weight gain goals for
LBW infants (42). Premature infants that are growth retarded, such as small for

gestational age (SGA) or intrauterine growth retarded (IUGR) may require more than 120

kcal/kg/day to achieve and maintain adequate growth (43).

Table 1 Recommended Daily Enteral Nutrient Intake for Preterm, Low-Birth-

Weight Infants, Compared to Term Infants

Nutrient Recommended Intake

Term Infant Preterm Infant
Fluid (mL/kg) 150% 150-200%%*
Energy (kcal/kg) 108%** 1207
Protein (g/kg) 2.2k 3.5-4.0%
Calcium (mg/kg) 67% 120-230%
Phosphorus (mg/kg) 50% 60-140%
Zinc (ug/kg) 830%* 1000-2000%*
Vitamin A 376 (ug/kg) * 1400 (IU/day)*
Vitamin D 300 (IU/day)*** 500 (IU/day)*
Iron (ug/kg) 1000* 2000-4000%%*
*23
kg
SEEIN |
42
£25
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2.5 Protein Needs of Preterm Infants
In an effort to determine the amount of protein required to maintain intrauterine
rate of protein accretion, the factorial method is most commonly used. This method
estimates the urinary nitrogen losses and estimates the amount deposited in utero
(corrected for absorption and deposition). Using this equation for preterm infants, an
estimation of 4 g/kg/day is recommended to support uterine growth and protein accretion
(44), which is about twice as high as the current RDA of protein for the term infant (41).
The American Academy of Pediatrics currently recommends an intake of 3.5-4.0g/kg
protein to closely match fetal accretion rates (1). Tsang et al. (2005) revised the
recommendations of protein intake for the preterm infant, as guidelines up to this point
have been based on stable preterm infants not in acute stress or illness. With the
increased knowledge of postnatal growth failure and catch-up growth potential, Tsang
recommends an intake of 3.8-4.4 g/kg/day (45).
2.6 Postnatal Growth Failure in Preterm Infants

Postnatal growth failure is common in preterm LBW (46), VLBW and ELBW infants
(47). The use of early and aggressive nutrition support can help prevent growth failure
among preterm infants. Preterm infants have immature gastrointestinal tracts which can
delay the start of enteral nutrition. They also have decreased ability to suck and swallow
and decreased gut motility (48). Thus, the use of total parenteral nutrition within the first
few days of life is usually the most feasible form of nutrition available (20).
Neonatologists are often cautious with starting enteral feeds for fear of development of
G.IL intolerances and illnesses (such as necrotizing enterocolitis (NEC)). On the other

hand, being too cautious with starting enteral feeds can lead to malnutrition early in life
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and postnatal growth failure which may lead to long term nutritional consequences (20,
48).

Preterm infants born LBW, yet appropriate for gestational age (AGA) often become
growth restricted by discharge from the hospital. Preterm AGA infants are born between
the 10" and 90" percentile on growth charts, but typically fall below the 10 percentile
by hospital discharge. Once they fall below the 10™ percentile, they are classified as
small for gestational age (SGA) (49). In a retrospective chart review of 69 extremely low
birth weight infants, of those less than 750 grams, 11% were SGA at birth, and by
discharge from the hospital the number rose to 74%. Of those infants that were 751-1000

grams at birth, 7% were SGA at birth and by discharge 40% were considered SGA (46).
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Chapter 3

Parenteral Nutrition

The first form of nutrition often given to a preterm infant is total parenteral
nutrition (TPN). The goal of parenteral nutrition is to provide enough nutrition to
promote weight gain and growth, until adequate enteral feeding can be established (50).
According to Heird and Kashyap (1998), providing nutrition early prevents protein
catabolism and provides a positive nitrogen balance. Carbohydrates, lipids, and proteins
should be advanced as aggressively as tolerated in parenteral solutions. In order to
achieve required energy needs by means of TPN, high amounts of glucose would need to
be administered which may not be well tolerated in LBW infants (51). The use of insulin
can help improve the tolerance of glucose during this critical time period (48). Starting
enteral nutrition early and in combination with parenteral nutrition is commonly practiced
to better achieve postnatal growth in the preterm infant (52).

Within the first one to two days of life, minimal enteral feeds can be initiated to
promote gut function while monitoring tolerance for risk factors such as necrotizing
enterocolitis (48). TPN should be gradually decreased as enteral nutrition is tolerated and
gradually increased (4). Continuing TPN at the same rate while slowly increasing enteral
feeds can cause excessive nutrient intakes and cause azotemia (an excess of urea or other
nitrogenous wastes in the blood) (53). TPN should be continued until the infant is
tolerating about 75% of nutritional needs enterally (90-100 kcal/kg/day) (4), and then

discontinued.
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3.1 Effects of Long Term Parenteral Nutrition Use

TPN is formulated to provide adequate serum levels of minerals such as calcium
and phosphorus. Although parenteral solutions provide enough calcium and phosphorus
to normalize serum concentrations, they do not allow for adequate accretion. For this
reason, bone disease can occur with long term usage of TPN. When enteral feeds cannot
be established (such as with bowel disease) and TPN must be continued longer than
usual, calcium, phosphorus, and Vitamin D intakes are insufficient for proper bone
mineralization in the preterm infant. The amount of calcium and phosphorus in TPN
solutions is often limited because of poor solubility of calcium and phosphorus salts (32,
54) which results in intakes below fetal accretion rates (4). According to Tsang et al
(2005), adding 66 mg/kg/day of calcium and 51 mg/kg/day of phosphorus into TPN
solutions will promote normalized circulating levels and create a positive calcium and
phosphorus balance. (8). There is an increase risk of hypocalcemia, hypophosphatemia,
hypercalciuria and metabolic bone disease the longer the infant is on TPN without

supplementation with enteral feeds (27, 55, 56).
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Chapter 4

Enteral Nutrition

Enteral nutrition is often not started until the preterm infant is a few weeks old for
fears of the development of necrotizing enterocolitis (52) if started too early or advanced
too aggressively. When enteral nutrition is started, one of the first forms is usually
gavage feeds. Gavage feeds refers to the insertion of a gavage tube either from the nose
(nasogastric) or from the mouth (orogastric) to the stomach. Gavage feeds are used for
preterm infants who show an inability to effectively suck and swallow, poor gag reflexes,
and or have high respiratory rates (4). The use of gavage feeds began in the 1960’s and
1970’s and with its use preterm infants began reaching full enteral feeds faster than ever
before (57).

Nipple feeds are usually feasible when the infant is 32 to 34 weeks gestation, as this
is when coordination of suck-swallow-breathe patterns develops. Transition from gavage
to nipple feeds is gradual, depending on the infant’s condition or schedule (for example,
starting with nipple feeds once per day, increasing to once per shift, every other feed,
then every feed) (4).

Minimal enteral nutrition (MEN) also referred to as trophic or hypocaloric feeds is
usually the first form of enteral nutrition given to the preterm infant. MEN consist of low
volume intakes of 10-20 ml/kg/day to stimulate the gut, its hormones, and promote
maturity of the GI tract (58). MEN is usually given in the form of gavage feedings. With
an increase in full enteral feeds being achieved in this population, an increase in the

development of necrotizing enterocolitis has been seen. The combination of both
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occurrences has caused many neonatalogists to begin withholding enteral feeds for the
first few weeks of life, and use of total parenteral nutrition as the only source of nutrition
for low birth weight preterm, often critically ill neonates (57). A growing recognition of
the importance of gut stimulation using minimum volume enteral nutrition along with a
growing concern over the consequences of prolonged parenteral nutrition, prompted
researchers to begin studying the effects of using minimal enteral nutrition in
combination with parenteral feeds (57).

Several small research studies have examined the clinical outcomes of minimal
enteral nutrition feedings in preterm, low birth weight infants (58-60). In a prospective
randomized trial, 20 infants were started on enteral feedings beginning at 48 hours of age
and compared them to 19 infant controls not fed enterally until at least 9 days of life.
Initially both groups received a majority of their energy from parenteral nutrition. An
overall decrease was found in the incidence of cholestasis, osteopenia of prematurity, and
the infants in the experimental group who transitioned to full feeds faster (59).

In a similar study, Slagle and Gross (1988) studied the effect of small enteral feeds on
gastrointestinal function in 46 infants with a birth weight less than 1500 grams. Group 1
consisted of infants that received enteral feeds of 12 ml/kg/day along with parenteral
nutrition beginning at day 8 of life. The second group received only parenteral nutrition
until 18 days of life. Following parenteral nutrition, both groups received enteral feeds at
a volume of 12ml/kg/day initially and increased 15 ml/kg per day. Outcomes measured
included feeding intolerances such as gastric residuals and incidence of necrotizing
enterocolitis. Group 1 had improved feeding tolerance as seen by less gastric residuals

that totaled more than 10% of feeds (1.3 +/- 0.5 days vs 3.2 +/- 0.6 days) and fewer days
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when feeds were discontinued as a result of intolerances (2.7 +/- 0.8 days vs 5.5 +/- 0.9
days). Of the infants in Group 1, 94% (17 out of 18) infants reached enteral intakes of
120 kcal/kg/day by 6 weeks of life, while only 64% (14 of 22) infants in Group 2 reached
this intake. The investigators concluded that critically ill, very low birth weight infants
had better feeding tolerances when given hypocaloric enteral nutrition along with
parenteral nutrition (58).

The advancement rate of enteral feeds remains controversial. Increased gastric
residuals and delayed gastric emptying is common in preterm infants; the amount
representing clinical significance remains unclear (61). Recent research has shown a
connection between increased gastric residuals and incidence of necrotizing enterocolitis
(62). Due to fears of developing NEC, feed volume increases tend to be slow in the
neonatal population (63). One research study found an increase of 10 to 20 ml/kg/day
was safe (64), while another found the rapid increase in volume is associated with
increased incidence of NEC (65).

Caple et al (2004) investigated whether an advancement of feeds at 30 ml/kg/day in
LBW preterm infants would decrease the amount of days needed to reach full feeds,
without increasing incidences of NEC. A total of 72 infants were in the experimental
group and 83 infants in the control group. Infants in the experimental group were fed at
an advancement rate of 30 ml/kg/day. Infants in the control group were fed at an
advancement rate of 20 ml/kg/day. The experiment group reached full feeds faster (7 vs.
10 days), regained birth weight faster (6 vs. 8 days), and overall did not increase the
incidence of NEC (3 infants in the experimental group vs. 2 infants in the control group)

(63).
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Berseth et al (2003) found conflicting results. The main outcome measure for this
study was determining the incidence of NEC. In a randomized, controlled trial, 141
preterm infants were divided into two groups: One group fed for 10 days on minimal
enteral feeds of 20 ml/kg/day, while the second group was fed at 20 ml/kg/day on day
one, followed by an increase in feed volume of 20 ml/kg/day daily up to a goal of 140
ml/kg/day. The study was discontinued early because 7 infants in the increasing feed
volume group developed NEC, compared to only one infant developing it in the minimal
feed volume group. Berseth et al. (2003) concluded that increasing feeding volumes by
20 ml/kg/day increases the risk of NEC (66). Therefore it appears that further research
needs to be conducted to better determine what volume feeds can be increased safely
without increasing the risks of developing NEC.

The American Academy of Pediatrics recommends advancement of feeds to be
dependent on the infant's birth weight. For infants less than 1,000 grams, an increase in
volume should be slow over a 10 to 14 days period, while infants weighing more than

1,500 grams feeds should be advanced over a 6 to 8 day period (40).

4.1 Fortifying Breast milk
The American Academy of Pediatrics recommends breastfeeding as the optimal
feeding choice of infants because of its health and wellness benefits (39). The benefits of
human milk are well known and include immunological benefits, aid in digestion and
promotion of a healthy gut, as well as neurological benefits (67). However, breast milk

alone does not provide adequate calories and minerals for the preterm infant (8, 40) and
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needs to be supplemented with several nutrients. Table 2 provides nutrient comparisons
between various preterm infant feeding methods.

Feeding the preterm infant breast milk fortified with protein, vitamins, and minerals
has become a standard practice in most NICU’s. The in-hospital practice of adding liquid
or powdered human milk fortifiers, premature infant formulas, vitamin/mineral
supplements, or modulars to expressed breast milk (4) has become popular due to
insufficient amounts of protein, calcium, phosphorus, and other nutrients in breast milk.
Infants born at less than 34 weeks gestation or 1500 grams at birth are at increased risk
for both macronutrient and micronutrient deficiencies (68) and may need even more
supplementation. Research has shown short term growth advantages of fortifying human
milk (69, 70).

The American Academy of Breastfeeding Medicine recommends that preterm infants
are fed their mother’s milk supplemented with calories and nutrients (39) because growth
faltering has been observed when preterm infants are fed breast milk without fortification

(22, 71).
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Table 2 Nutrient Comparison of Term Breast Milk, Preterm Breast Milk, and

Breast Milk plus Human Milk Fortifier

Nutrients Breast Milk Breast Milk Breast Milk plus
Term Preterm Human Milk
Per Liter Per Liter Fortifier Per
Liter (made to
22 kcal/oz)
Energy, Cal 680 671 739
Protein, g 10.48 14.09 19.6
Calcium, mg (mEq) 279 (13.9) 248 (12.4) 698 (34.8)
Phosphorus, mg 143 128 378
Magnesium, mg 34.7 30.9 36
Iron, mg 0.27 1.21 8.41
Sodium, mg (mEq) 177 (7.7) 248 (10.8) 328 (14.3)
Potassium, mg (mEq) 531 (13.6) 570 (14.6) 715 (18.3)
Chloride, mg (mEq) 422 (11.9) 550 (15.5) 615 (17.3)
Vitamin A (IU) 2252 3899 8649
Vitamin D (IU) 20 20 770
*72
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Some have speculated that increasing the volume of breast milk given to the infant
may solve the calorie, protein, and mineral deficit. Forbes (1989) disproved this
hypothesis. Using information previously collected on the retention of nutrients in the
preterm infant (for “several dozen” fetuses and newborns within the past 75 years),
Forbes plotted the total body content of several elements (including N, Ca, P, Mg, Na, K,
Cl, and Zn) against the infant’s body weight, using double logarithmic coordinates.
Using these pieces of information he was able to determine that very large intakes of
preterm human milk would be needed to meet the nutritional needs of the preterm infant.
For example, at 30 weeks corrected gestation, the preterm infant (fed preterm human
milk) would need to consume 700ml/kg/d and 590ml/kg/d of breast milk to obtain
enough calcium and phosphorus respectively. This is significantly above the upper
tolerance levels of these infants (73).

Nicholl and Gamsu (1999) studied the effects on growth of adding a human milk
fortifier to breast milk by measuring weight gain, changes in lower leg velocity, and other
biochemical indicators of nutrition (such as alkaline phosphatase). The study included 53
preterm VLBW infants who weighed less than 1500g at birth, randomized to one of three
groups, depending on if the mother intended to breast feed or not. One group received
breast milk alone, the second received fortified breast milk, and the third group received
standard preterm formula. Infants in the fortified human milk group had significantly
lower serum alkaline phosphatase levels (an indicator of rickets) than infants in the other
two groups at the end of the study. Infants fed fortified human milk had a median serum
alkaline phosphatase of 288 IU/L; whereas infants fed preterm infant formula and human

milk had median serum alkaline phosphatase levels of 368 IU/L and 378 1U/L,
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respectively. The lower leg velocity was most significant in both the fortified breast milk
group and the formula group (33). One can conclude from this study that the use of
fortified breast milk appears to be associated with the least incidence of rickets, and the
use of either fortified breast milk or preterm infant formulas has a significant impact on
bone growth and mineral accretion.

Ronnholm et al. (1986) studied the effects of supplementing breast milk with protein
and medium-chain triglyceride on growth of very low birth weight preterm infants. A
total of 44 infants weighing less than 1520 grams and average gestational age of 30
weeks, were included in the study. Infants were divided into four groups of either
unsupplemented human milk, human milk supplemented with human milk protein,
human milk supplemented with medium-chain triglycerides, or both. Infants who were
given protein supplemented with human milk grew better (0.99cm/wk) than the other
three groups (0.83 cm/wk) and matched intrauterine growth rates (69).

According to Arslanoglu et al. (2006) protein is often the limiting nutrient when
breast milk is fortified due to the variability of protein content in breast milk and the
variability of protein content of human milk fortifiers, all of which can contribute to
inadequate protein intakes. Protein content of human milk has been estimated to provide
about 2.1-2.4g/100 kcal (2.2-2.6g/kg protein when intake is 160ml/kg) (70), well short of
the estimated 3.5-4.0 g/kg needed by the preterm infant, based on fetal accretion rates (1).
Commercial fortifiers generally raise the protein content of milk to about 3.25g/100kcal,
which equals 3.8-4.1g/kg protein when given in 160ml/kg volume of either 22 or

24kcal/oz (70).
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In a prospective, randomized control trial, Arslanoglu et al. (2006) studied the effects
of using an adjustable protein fortification method on weight gain. The researchers
hypothesized that adjusting the amount of fortifier added to breast milk based on blood
urea nitrogen (BUN) concentrations of the infant would increase protein intakes and
improve weight gain in preterm infants. Infants with a weight between 600-1750 grams
and gestational age between 26 and 34 weeks were given either their own mother’s milk,
banked donor milk, or a combination of both. Infants were divided into two groups, to
either receive the adjustable fortification regimen, or the standard regimen. The study
began when infants reached an enteral intake of 150ml/kg/day and ended once infants
weighed 2000 grams. A total of 32 infants completed the study (16 in the experimental
group, 16 in the control group). Infants who received the adjustable fortification method
consumed more protein, and gained more weight (30.1g/day vs. 24.8g/day in the
unfortified group). The adjustable formula group also had larger gains in head
circumference (1.4mm/day vs. 1.0mm/day in the unfortified group) (70).

Breast milk remains the optimal feeding of choice for infants (39). However, breast
milk does not meet the nutritional needs of preterm infants alone. Preterm infants would
have to consume extremely large volumes of breast milk to meet their needs for proper
mineral accretion (73). Mothers of infants born less than 1500 grams who wish to breast
feed should fortify their breast milk, as research has shown that using fortifiers (liquid,
powder, or premature infant formulas) improves growth (69, 70), and decreases the risk

of metabolic bone disease (33).
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4.2 Infant Formulas
The use of standard formula for preterm infants can result in an increased risk for

poor growth and metabolic bone disease (74-76). Mothers who choose not to breast feed
their preterm infants should use high mineral content infant formulas during
hospitalization, made specifically to meet the needs of preterm infants (40, 42).
Premature infant formulas are available in 20 and 24 kcal/oz dilutions. The American
Academy of Pediatrics recommends the use of iron fortified formulas for all infants (77).

Protein content of preterm infant formulas is greater than that of standard infant
formulas (see Table 3). At an intake of 120 kcal/kg/day preterm infant formulas provide
greater than 3 g/kg/day of protein (4). The American Academy of Pediatrics currently
recommends an intake of 3.5-4.0 g/kg/day of protein to meet weight gain goals and
nitrogen retention (1). Mineral content of preterm infant formulas is also higher than in
standard infant formulas. Calcium and phosphorus content of these types of formulas is
better able to meet the preterm infant’s needs (4) (up to 200 mg/kg/day of calcium and

113 mg/kg/day of phosphorus) (78).
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Table 3 Nutrient Comparison of Preterm Formula, Nutrient-Enriched Formula,

and Standard Term Formula

Nutrients Preterm Formula | Nutrient-Enriched | Standard Term
Per 100 kcal Discharge Infant Formula
24 kcal/oz Formula Per 100 kcal

Per 100 kcal

Energy (kcal) 100 100 100

Protein (g) 2.71-3.0 2.8 2.1

Calcium, mg (mEq) 165-180 (8.2-9.0) 105-120 (5.2-6.0) 78 (3.9)

Phosphorus, mg 83-100 66 (2.1) 53

Magnesium, mg 9-12 8-9.0 8

Iron, mg 1.8 1.8 0.7

Sodium, mg (mEq) 43-58 (1.9-2.5) 33-35(1.4-1.5) 27 (1.2)

Potassium, mg (mEq) | 98-129 (2.5-3.3) 105-142 (2.7-3.6) 108 (2.8)

Chloride, mg (mEq) | 81-90 (2.3-2.5) 75-78 (2.1-2.2) 63 (1.8)

Vitamin A, IU 1250 450-460 300

Vitamin D, IU 150-240 70-80 60

*72

Use of premature infant formulas during hospitalization has become standard care

practice across the country. Lapillonne et al. (2004) studied bone mineral content
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(BMC) differences between preterm infants fed either a control preterm formula or an
isocaloric nutrient-enriched preterm formula during hospitalization, up until 3 months
corrected age (expected term). They found that BMC was significantly higher in the
isocaloric nutrient-enriched preterm formula group (23 and 35% higher BMC at hospital
discharge and expected term, respectively) (34).

Schulze et al. (1987) compared protein and energy intakes of low birth weight
preterm infants using three different formula groups. Energy expenditure, weight gain
composition, and energy balance were measured. Nineteen infants were placed into three
groups: the first group consumed a formula (Formula A) that provided 2.24 g/kg/day
protein and 113 kcal/kg/day, the second group consumed a formula (Formula B) that
provided 3.6 g/kg/day protein and 115 kcal/kg/day, and the third group consumed a
formula (Formula C) that contained 3.5 g/kg/day protein and 149 kcal/kg/day. The rate
of energy and protein intake affected the type and amount of tissue deposited. Both
Formula B and C groups gained the most amount of weight, due to higher caloric intakes.
Group C had increased fat deposition and Group B had highest protein intakes causing
increased protein deposition. The authors concluded that both energy and protein intakes
had an impact proportionately on the composition of weight gain in the preterm infant.
Both should be an important component in the composition of preterm infant formulas
for low birth weight infants (79).

Preterm infant formula is the best formula option for the preterm infant during
hospitalization. This type of formula provides higher amounts of protein, vitamins, and
minerals than standard term infant formulas (4). When preterm infants are fed preterm

infant formulas, they have improved growth (79) and higher bone mineral content (34).
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4.2.1 Nutrient-Enriched Infant Formula

Nutrient —enriched infant formulas are generally prescribed to preterm infants for use
after hospital discharge. They are available in ready to feed bottles for use in the hospital
and in powder form for use at home. They come in a concentration 22 kcal/ounce. This
type of formula provides a higher amount of calories, protein, vitamins, and minerals
compared to a standard infant formula, but lower concentration of these nutrients when
compared to preterm infant formulas (4). When preterm infants have caloric needs that
are higher than 120 kcal/kg/day (the current recommendation), nutrient-enriched
formulas can be concentrated (adding less water to concentrated liquid or powder when
mixing the formula) or the use of modular supplements can be used to increase the
caloric density of the formula. Modular products, such as oils and glucose polymers, add
non-protein calories and will alter the formulas nutrient ratio. Therefore concentrating
the nutrient-enriched infant formula is the ideal choice when the preterm infant has
increased caloric needs (4).

Bishop et al (1993) studied the effect of using enriched infant formula on bone
mineral content of preterm infants and compared the results to the usage of a standard
infant formula. He found that using enriched infant formula after hospital discharge
improved bone mineral content of preterm infants when compared to infants fed with
standard formula at 3 and 9 months corrected age. BMC at 3 months corrected age was
83 vs. 63 mg/cm for enriched and standard formula respectively, while at 9 months
corrected age, BMC was 115 vs. 95 mg/cm respectively (74).

Similarly, a double-blind, randomized study by Carver et al. (2001) compared the

growth of preterm infants (<1800 grams) fed either 22 kcal/oz nutrient-enriched formula
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or standard 20 kcal/oz term formula from hospital discharge to 12 months corrected age.
Researchers compared the growth of the infants in both groups from study day 1 to term
and at 1, 2, 3, 6, 9, and 12 months corrected age. Infants fed nutrient-enriched formula
overall grew better in weight, length, and head circumference. From study day 1 to term,
infants fed nutrient-enriched formula gained 34.1g/day, while infants fed standard
formula grew 28.9g/kg respectively. Head circumference growth results were the same
(1.06mm/d versus 0.88mm/day respectively study day 1 to term) as well as length results
(1.24mm/d versus 1.08mm/d study day 1 to term). These results were especially true for
infants weighing <1250 grams. Weight gain continued to be greater in the nutrient-
enriched formula group up through 12 months corrected age (18.6 g/d in the nutrient-
enriched group and 17.4 g/d in the term formula group). Head circumference and length
also showed the same type of results (75)

In summary, breast milk is the preferred method of feeding infants born prematurely,
because of its confirmed health and wellness benefits. Research studies have shown how
variable breast milk can be (80) which is a nutritional concern for adequate preterm infant
nutrition. Adding human milk fortifiers has been proven in studies to improve weight
gain and mineral accretion in preterm infants (33, 69, 70). When breast milk is not
available, premature infant formulas are recommended for use in the hospital due to their
high amounts of protein, vitamins, and minerals. It has been shown to improve bone
mineral content in preterm infants up to 3 months corrected age (expected term).
Nutrient enriched formulas are preferred after hospital discharge. Nutrient enriched

preterm formulas have been proven to improve growth (weight, length, and head
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circumference) (34, 75). Decreased risk of osteopenia and rickets has been shown when

fortified breast milk and nutrient enriched infant formulas are used (33, 34).
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Chapter 5

Medical Complications of Preterm Infants and Nutritional Consideration

The organs of infants born premature are immature and do not operate to their full
capacity. Premature infants are in need of specialized medical care in the hospital until
their bodies are able to function well enough on their own to sustain life. Premature
infants are usually not able to maintain adequate body temperature or breathe properly on
their own (81). Nursery care is needed to ensure the baby is maintained at the right body
temperature, and ventilator assistance is commonly required. Infants are kept in the
hospital until they are able to breath on their own, maintain their own body temperature,
and tolerate feeds by mouth (81). Medical complications that arise during infants’ stay in
the intensive care unit can delay discharge.

Infant’s born premature face a number of possible medical complications, including

respiratory compromise, renal, neurological, gastrointestinal, and hepatic disorders (2).

5.1 Respiratory Distress Syndrome
Pulmonary problems are very common in preterm infants and less frequent in the full-
term infant (4). Respiratory Distress Syndrome (RDS) can be defined as severe
impairment of respiratory function in a preterm newborn, caused by immaturity of the
lungs. Of infants less than 30 weeks gestation, more than 60% develop some degree of
RDS. Of term infants, less than 0.05% develop RDS. In 1997, RDS was the fourth
leading cause of death among preterm infants (7). Risk factors for term infants include

mothers with diabetes, cesarean delivery, brothers or sisters with Respiratory Distress
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Syndrome (RDS), acidosis at birth due to delivery complications, multiple pregnancies,
and rapid delivery (82). Symptoms can include cyanosis in room air, nasal flaring and
tachypnea, expiratory grunting, and sternal and intercostal retractions (4).

Medical treatment of RDS depends on gestational age and severity of RDS.
Treatment can include a combination of exogenous surfactant therapy, continuous
positive airway pressure (CPAP), supplemental oxygen, and mechanical ventilation (4).
In the most severe cases, the neonate may need prolonged mechanical ventilation and
exogenous surfactant therapy. Dexamethasone may be used to decrease pulmonary
edema, increase the synthesis of surfactant, decrease inflammation, and increase the
activity of antioxidants (4).

Infants with RDS are at increased risk of progression to Chronic Lung Disease (CLD)
if they require assisted ventilation more than 10 to 14 days after birth (4). Recovery from
RDS can range from three to four days or can progress into CLD which can lead to life

long decrease in pulmonary function (reactive airway disease and hyperinflation) (83).

5.2 Bronchopulmonary Dysplasia (BPD)

BPD (Bronchopulmonary dysplagia) (also called CLD) is a chronic pulmonary
disorder that develops in some premature infants with severe RDS. Most recent
diagnostic criteria for BPD have been described as the need for assisted ventilation for at
least three days during the first two weeks of life, with clinical signs of respiratory
compromise and the need for supplemental oxygen, and radiologic evidence of
pulmonary changes characteristic of BPD persisting beyond 28 days of life (4). The

incidence of BPD is as high as 38% of infants born less than 1,000 grams (84).
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According to LaHood & Bryant (2007), of those infants born at 900g, 50% to 80% will
likely develop BPD (2).

The incidence and severity of BPD has decreased over the years with advancements
in respiratory management and technology for infants that are greater than 1,000 grams at
birth. Technological advances such as improved mechanical ventilation, improved
evaluations of blood gases, and improved delivery of supplemental oxygen, have also
helped increase survival rates in infants born less than 1,000 grams (4).

The severity of BPD illness can determine the extent of nutritional implications for
the preterm infant. Infants with BPD have reduced rates of growth when compared to
term peers at the same postmenstrual age (85-90). Increased metabolic needs due to
medication use (such as methylxanthines and beta-antagonists) (91), increased energy
expenditure to breathe, and fluid restrictions can contribute to poor growth. Ability to
effectively suck and swallow in severe BPD cases can delay the progression of feedings.
Mechanical ventilation using an endotrachial tube may cause later oral aversions to feeds,
gagging, and vomiting (4).

The use of surfactant replacement therapy has contributed to increased survival of the
VLBW preterm infants with the prevention of BPD. Infants begin to make surfactant at
24 weeks gestation; however appearance in aveoli fluid may not occur until much later
(92). Exogenous surfactant therapy is used to prevent alveoli from collapsing at the end
expiration (4). At about 34 week’s gestation, adequate amounts of surfactant are
produced by the pulmonary cells and there are an adequate amount of pulmonary cells

covering the alveolar surface area with the capability of gas diffusion (93).
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Providing appropriate nutritional management for preterm infants suffering from
BPD is important to their long term health. Failure to thrive can be a complication of
BPD as these infants can require up to a 25% higher caloric intake above normal basal
metabolic needs due to increased work of breathing and higher basal metabolic rate
(BMR). Increasing caloric intake is often provided in the form of increasing the caloric
density of formulas or breast milk. There may also be a need for increasing the caloric
density of formula when the preterm infant needs a fluid restriction (8).

Infants with BPD are placed on fluid restrictions to prevent pulmonary edema (8).
Typically, preterm infants without BPD can take in 160 ml/kg/day of fluid, which when
given in the form of enriched 22 kcal/oz formula, will meet preterm infants calorie and
protein needs (120 kcal/kg and 3-4 g/kg/ protein) (1, 42). Infants requiring fluid
restrictions often due not meet caloric needs, thus contributing to growth failure (94).

Brunton et al (1998) studied whether nutrient malabsorption or lower nutrient intake
caused growth delays in infants with BPD. A total of 60 preterm infants (average birth
weight 866g and gestational age of 26 weeks) were placed into two groups and fed either
a nutrient enriched formula or standard infant formula up to three months corrected age.
Infants fed nutrient enriched formula consumed higher amounts of protein, calories,
phosphorus, and zinc. By one month corrected age, infants in the enriched formula group
achieved greater linear growth (1.0 +/- 0.2 cm/wk vs. 0.8 +/- 0.2 cm/wk), weight gain (28
+/- 9 vs. 21 +/- 6 g/day), and bone mineral accretion (10.0 +/- 5.0 vs. 7.0 +/- 5.0 mg/cm
mo™) (9).

Nutrients play a key role in healing damaged tissue and protecting parenchymal

tissue. Vitamin A supplementation used to prevent BPD is a controversial topic. Infants
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may develop Vitamin A deficiency due to lower liver stores (96). Vitamin A deficiency
can be associated with “acute respiratory infections” (97) as Vitamin A is essential for the
differentiation of respiratory epithethial cells and deficiency can cause changes in these
cells (96).

Shenai JP et al (1990) studied the effect of vitamin A supplementation on the
prevention of BPD. A total of 24 preterm infants were given Vitamin A intramuscularly
at a dose of 2,000 IU every other day until enteral feeds were established (75% of energy
intake from enteral feeds). Once enteral feeds were established, a multivitamin
containing 1,500 IU of vitamin A was added. Twelve of the 24 infants developed BPD
(98). Tyson et al (1999) used intramuscular doses of 5,000 IU three times a week for
four weeks (99). Low serum retinol levels were seen in 24% of infants studied, despite
the high doses given. This has caused researchers to question whether even higher doses
of the vitamin are needed. Despite the promising data obtained from current research, the
risks for toxicity remain and definite dose/response studies have not been established
(100).

Mineral balance is a major concern for preterm infants treated for respiratory
illnesses. Infants suffering from BPD are also at high risk of developing osteopenia and
nephrocalcinosis. Decreased intake of calcium and phosphorus as a result of fluid
restrictions and the use of unsupplemented breast milk can be contributing factors (4).

Another contributing factor includes the use of medications that compromise mineral
balance. Use of diuretics such as furosemide can cause electrolyte losses, hypercalciuria,
and renal calculi (101, 102). Furosemide is a potent diuretic (water pill) and works by

blocking the absorption of salt and fluid in the kidney tubules, causing a profound
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increase in urine output (diuresis). The diuretic effect of furosemide can cause body water
and electrolyte depletion (103). Furosemide is commonly used and can cause
hyponatremia, hypokalemia, hypochloridemia, hypocalcemia, and metabolic alkalosis.
Potassium sparing diuretics, such as spironolactone, can help counteract the effects of
electrolyte losses (4). Thiazide diuretics can cause electrolyte losses as well, and increase
the need for sodium supplements. On the other hand, sodium supplements can enhance
calciuria (loss of calcium in the urine), contributing to the incidence of osteopenia and
nephrocalcinosis (104). Therefore, careful medical supervision is necessary during
treatment.

Steroids are used to help aid in extubation and decrease oxygen exposure and
respiratory support. It is recommended however, that steroids only be used in the most
severe cases of respiratory failure, which includes maximum ventilation and oxygen
support. Serious neonatal complications can occur when using steroids including
hyperglycemia, intestinal perforation, hypertension (94, 105), as well as poor growth
(both brain and somatic), and neuromotor and developmental growth (including cerebral
palsy in early childhood) (94). Steroids can also cause sodium retention, osteoporosis
(due to decreased absorption of calcium and phosphorus) and hyperlipidemia (105). The
use of steroids (such as dexamethasone) during the first six weeks of life can cause the
infant to lose more weight initially after birth, take longer to regain their birth weight, and
weight gain and linear growth may be slower than their peers not receiving steroids
(106).

BPD is generally thought of as a disease of infancy; however research has shown that

the consequences last past childhood and sometimes into adulthood. BPD is
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characterized as an “arrest of alveolar development resulting in fewer and larger alveoli”.
Alveoli develop mostly during childhood and infants with BPD may end up with life long
complications due to fewer alveoli developing (107).

Northway et al. (1990) studied the effects BPD had on lung function during
adolescence and into adulthood. The pulmonary function was studied in 26 adolescents
and adults who had BPD during infancy (born between 1964 and 1973). Two control
groups were included; one group consisted of 26 age matched adolescents and adults who
did not require mechanical ventilation during infancy and the other group consisted of 53
age matched normal subjects. Sixty-eight percent of subjects with BPD during infancy
had airway obstruction (characterized by a decrease in forced expiratory volume in one
second, forced expiratory flow between 25 and 75 percent of vital capacity, and maximal
expiratory flow velocity at 50% of vital capacity) compared to controls. Fifty-two
percent of subjects with BPD as infants had reactive airway disease and hyperinflation.
Six had severe dysfunction or current respiratory symptoms, when compared to controls
(83). One can conclude from this study that BPD can be correlated with increased risk of

some degree of pulmonary dysfunction later into adulthood.

5.3 GI Complications
Gastrointestinal disease is another complication that affects preterm infants. Three
common GI complications include Cholestasis, Gastro esophageal reflux (GER) and

Necrotizing enterocolitis (NEC).
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5.3.1 Cholestasis

Cholestasis is a condition in which the flow of bile from the liver is blocked.
Cholestasis is a complication that occurs mainly in infants, mostly preterm, caused by
immaturity of bile ducts. The exact cause of cholestasis is not known (4). Hypoxia,
interruption of enteral feeds, drug toxicity, the use of prolonged parenteral nutrition, and
sepsis can increase the risk of cholestasis in preterm infants (108). Among preterm
infants less than 1000 grams, half develop cholestasis (109). Cholestasis can bring on
Vitamin D deficiency due to poor absorption of fat and fat-soluble vitamins such as
vitamin D (110). Resolution generally occurs in a few weeks to months with the
discontinuation of parenteral nutrition and the introduction of enteral feeds (4).
Therefore, the goal treatment for preterm infants suffering from cholestasis is the

introduction of enteral feeds and weaning off TPN.

5.3.2 Gastro Esophageal Reflux (GER)

GER is the return of gastric contents into the esophagus (111). Reflux is a common
physiological event occurring with varying degrees of frequency in most healthy
individuals, but it is particularly common in infancy (4). Preterm infants are more likely
to develop GER than their term peers or older children (112, 113) for several reasons:
lack of tone of the lower esophageal sphincter (4), increased intra-abdominal pressure, or
spontaneous relaxations in the lower esophageal sphincter (114, 115). Delayed gastric
emptying and impaired gastric secretions also contribute to GER in premature infants (4).

Infants suffering from asymptomatic GER usually do not develop it until two to four

months of age. By the age of one, GER generally diminishes or resolves completely.

44



Enteral Needs of Preterm Infants

GER is experienced more when awake than during sleep. Common signs and symptoms
of GER include bradycardia, apnea, vomiting, respiratory problems, and feeding
difficulties. Crying has been shown to decrease reflux, as well as offering small frequent
meals and prone positioning (lying face down) of the infant (116, 117).

GER can delay or prevent appropriate enteral nutrition. Continuing the feeding
regimen of feeds every three hours, adding rice cereal or commercial thickeners to the
formula, and concentrating the milk in order to decrease the volume needed (2) are three
strategies for the management of GER. The practice of thickening feeds (with dry rice
cereal) is controversial. Emesis or vomiting is reduced with the thickening of feeds for
some infants (118, 119), while increased regurgitation in long durations occurs in others
(118). There are infant formulas currently on the market designed for infants with
frequent “spit ups” using easy-to-digest rice starch that thickens in the stomach. The
thickening effect of formula in the stomach helps keep the formula from refluxing back
up into the esophagus. These products are formulated with an appropriate amount of
vitamins and minerals for a term infant, and therefore, are not appropriate for the preterm
infant. Adding rice cereal to pumped human milk may not thicken well, presumably due
to the amylase content of human milk. Mothers who want to breast feed their infants
may not be able to do so when feeds need to be thickened (4). When feeds require
thickening, breast milk must be pumped and thickeners added to it.

Non-nutritional treatment for GER includes the use of prone positioning, medications,
and surgery. Prone positioning to 30° elevation has been shown to reduce the episodes of
GER when compared to 30° supine positioning (120, 121). Prone positioning is not

recommended by the AAP unless the infant has symptomatic GER and the infant is on a
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monitor (122, 123) as supine positioning has been shown to have the lowest risk for
Sudden Infant Death Syndrome (SIDS) (124).

The use of prokinetic medications, such as cisapride, erythromycin, and
metoclopramide to treat GER has been researched extensively. Cisapride is a drug that
increases muscle contractions of the lower esophagus and the lower esophagus sphincter
(125), erythromycin increases gastric antrum contractibility, therefore increasing gastric
emptying (5), while metoclopramide increases muscle tone of the lower esophageal
sphincter (126). Cisapride has a side effect of causing cardiac arrhythmias, especially
when used in combination with certain antibiotics. It has recently been taken off the
market (127, 128).

Erythromycin is not the drug of choice to treat GER due to its side effects, including
bradyarrhthymias. Honein et al. (1999) found an association between erythromycin
usage and hypertrophic pyloric stenosis in the neonatal population. Seven out of 200
infants treated with erythromycin developed hypertrophic pyloric stenosis after
vaccination with the pertussis vaccine (129). Also, using antibiotics for noninfectious
diseases increases antibiotic resistance (5). The Center for Disease Control has
developed an action plan to prevent and reduce antibiotic resistance. They recommend
only “prescribing antimicrobial therapy when and only when beneficial to the patient;
targeting therapy to the desired pathogens, and using the appropriate drug, dose, and
duration (130). There is no pathogen that causes reflux (5).

Metoclopramide is used most frequently for GER in infancy. It is a dopamine
antagonist. By blocking the central dopamine receptors in the brain, it helps control

emesis (131) and affects the GI tract as well by assisting in gastric emptying (132).
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Several studies have shown its effectiveness in increasing gastric emptying, reducing the
symptoms of reflux, and decreasing the amount of time the pH of the esophagus is below
4 (133-137). Use of Metoclopramide has some infrequent side effects such as nausea,
vomiting, diarrhea, tradive dykinesia, and dystonia (138).

Severe cases of GER require a surgical procedure called Nissan Fundoplication.
Surgical intervention is reserved for those who suffer from respiratory compromise,
failure to thrive, neurological impairment, anemia due to blood loss from esophagitis, and
strictures (139). This procedure involves the wrapping of the gastric fundus around the
distal esophagus 360° and then pulling it below the diaphragm (4). Surgical interventions
such as a Nissen fundoplication have been shown to be a safe and effective treatment for
GER (139).

5.3.3 Necrotizing Enterocolitis (NEC)

NEC is an acquired gastrointestinal disease that in its mildest form appears as feeding
intolerance and in its extreme form is characterized by diffuse or patchy areas of necrotic
tissue in the small and/or large bowel with or without perforation (4). In Neonatal
Intensive Care Unit admissions, the overall incidence is between 1.0-7.7% (140-141).
The disease is most common in preterm infants. The percentage of full term infants
afflicted with NEC is between 7-10% (140-143). The incidence of NEC in preterm
infants among NICU admissions is 1-5%, with 5-10% being very low birth weight infants
(144). The overall increased survival of the preterm infant has resulted in an increased
incidence of NEC development from 11.5 deaths per 100,000 births (during the pre-
surfactant period 1983-1985) to 12.3 deaths per 100,000 births (in the post surfactant

period 1990-1992) (4).
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The etiology of the development of NEC remains unclear. Both epidemiologic and
animal studies have shown that it could be multifactorial, including prematurity,
infections leading to inflammation, and aggressively advancing enteral feedings (145,
146). Adamkin (2006) explains that “preoccupation with preventing NEC has contributed
to the chronic undernourishment of stable, growing very-low birth weight (VLBW)
infants.” Undernourishment can later affect neurocognitive development (17, 44) and
cause catch-up growth failure (48).

When NEC is diagnosed, feeds are held generally for 10-20 days (4) and antibiotics
started (147). Parenteral nutrition becomes the only form of nutrition for the infant
during this time period (4). If the infant has to have a portion of the bowel resected, the
amount and location of the resection will determine the risk for feeding and nutrient
malabsorption. Slow reintroduction of enteral feeds begins after the bowel has been at
rest. Breast milk is generally well tolerated. When breast milk is not available and
premature infant formula is not tolerated, the use of low-lactose (including premature
formula), lactose-free, or protein hydrolysate formulas can be used. The use of protein
hydrolysate formulas has not been proven in studies to be more effective than premature
infant formulas. Protein hydrolysate formulas are lower in calcium and protein content
and do not meet the nutritional needs of the preterm infant (4). When used over long

periods of time these formulas increase the risk of osteopenia (148-149).
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Chapter 6

Current Practices in Nutrition for the Preterm Infant

6.1 Nutritional Care after Discharge

Much attention and research has been focused on growth and feeding practices of
low birth weight infants during hospital stay. The goal for the preterm infant after
hospital discharge remains achieving growth and body composition similar to term peers
at least for the first year of life (149). Many preterm infants are discharged home between
35 to 40 weeks gestation and weighing between 1800 and 2500 grams. Guidelines for
discharge readiness have been developed by the American Academy of Pediatrics. Infant
readiness for discharge includes maintaining own body temperature and adequate intake
of formula or breast milk to maintain and promote adequate growth (150). Most infants
remain below the 10 percentile on growth charts upon discharge from the hospital.
Catch up growth often does not occur before discharge from the hospital, and there
nutritional requirements are higher than their term peers (21). Special attention should
continue to be made the feeding practices of the preterm infant after hospital discharge.

Breast milk remains the optimal feeding for all infants. Preterm infants require
breast milk fortified with protein, vitamins, and minerals to meet their nutritional needs
for proper growth and development. If human milk is not available, nutrient-enriched
infant formulas are the best option for preterm infants (4). Preterm infant formulas are
recommended for infants up to 1,850-2,000 grams (151). Volumes should support

weight gain greater than 20 g/day (152-153). Additional vitamin supplements are not
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required for the premature LBW infant who is receiving fortified human milk, preterm
infant formula, or nutrient-enriched formula after discharge if the milk or formula is
meeting their energy needs (4).

As stated previously, early aggressive nutrition care during hospital stay has been
shown to positively affect growth and prevention of extra-uterine growth restriction. The
introduction of parenteral nutrition on day of life 1 or 2 and the introduction of minimal
enteral feeds (MEF) early in life have helped improve growth during hospitalization and
after discharge. In one study, hospital weight gain and head circumference influenced
whether the infants would plot less than the 10™ percentile at 18 and 22 months corrected
age (17). Ford et al (2000) conducted an inception cohort study comparing the growth
and pubertal development of VLBW infants and normal birth weight infants to age 14
years. Eighty six survivors born <1000 grams, 120 survivors born <1000-1499grams,
and 60 random children born of normal birth weight were included in the study.
Measurements of weight, height, and head circumference were collected at birth and 2, 5,
8, and 14 years of age by pediatricians who were not aware of the child’s birth weight.
Researchers found that very low birth weight infants at 14 years of age remained smaller
in height, weight, and head circumference than those infants born at greater than 2499
grams. At age 14 years, children with a birth weight greater than 2499 grams were
heavier (at 59.1 kg) than infants less than 1499 grams (50kg for infants <1000grams and
52 kg for 1000-1499grams). Thus, the very low birth weight infants at 14 years of age
remained smaller than their normal birth weight peers (154).

Growth and nutrition of the preterm low birth weight infant has been shown to

have a long term impact on health and well-being into adult hood. Disturbances in
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growth during these critical periods of human development have been hypothesized to

cause alterations in hormones, cardiac output, and metabolism (20).

6.2 Effects of Early Nutrition on Long Term Health

The term “programming,” popularized by Alan Lucas (2005) has prompted more
research into the long-term effects of promoting optimal growth of the preterm infant.
Lucas defines programming as “a stimulus or insult during a critical or sensitive period of
development can have long-term or life-time effects on the organism” (155).
Investigators have questioned what the long term programming effects early aggressive
nutrition may have on later health. Programming has been suggested to contribute to the
later development of obesity (156) and cardiovascular risk in adults (157). Many
researchers have begun to look at the effects early nutrition in infants has on their later
risks for such morbidities as blood pressure, diabetes, and obesity. Several studies have
examined the effects of weight gain during the first four months of life (158), during the
first full year of life (159), and growth catch-up to two years of age (160) on weight in
adulthood. In a longitudinal observation study, body mass index (BMI) was compared
with growth and feeding in infancy of 90 full term healthy infants. The researchers
showed that rapid growth during the first year of life was associated with an increased
BMI by the age of 6. They also revealed a connection between high protein intakes in
boys and an increase in childhood obesity (161).

Intrauterine growth restriction (IUGR) has also been researched in
epidemiological studies which show a close link with insulin resistance, non-insulin-

dependent-diabetes (NIDDM), cardiovascular disease, hypertension, and hyperlipidemia.
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Cianfarani et al. (1999) explains the concept of re-programming, which is defined as
“intrauterine exposure to insufficient nutrient supply during critical periods of fetal life
would permanently affect the development and function of the endocrine system, leading
to metabolic changes, including reducing insulin sensitivity” (162).

Breastfeeding has been shown in studies to help reduce the risk of obesity (163),
high blood pressure (164), and hyperlipidemia later in life (specifically LDL cholesterol)
(165). Gillman et al. (2001) found that infants that were breast fed for longer periods of
time (3 months or less versus at least 7 months) were less likely to become overweight
during later childhood and adolescence. Use of infant formula, timing of first
introduction to solid foods, or intake of cow’s milk did not affect the risk of obesity
(166). Infants fed preterm formulas grow faster and have greater risk factors for
metabolic syndrome (including insulin resistance) (167).

The ultimate goal of nutrition for the preterm infant needs to balance the
considerable risks of under-nutrition (which include poor growth and metabolic bone
disease) against the risks of over-nutrition (later risk for obesity, increased lipid profiles,
and increased blood pressure). Beginning enteral feeds early, supplementing breast milk
with fortifiers, or using nutrient-enriched preterm formulas have been shown to improve
growth and BMC, and therefore preventing extra-uterine growth failure and metabolic
bone disease. The use of human milk fortifiers and/or nutrient enriched formulas, post
discharge, have been shown to prevent growth failure and bone disease in many clinical

research studies (21, 71, 74, 168).
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Chapter 7

Conclusion

The purpose of this literature review was to identify the differences between term
and preterm infants physiologically so as to provide the most appropriate medical
nutrition therapy to prevent failure to thrive and nutrient deficiencies in the preterm infant
population. Improved medical treatments and technology have lead to increases in
survival rates of preterm infants, especially the youngest and smallest. Health care
professionals are dealing with increasing medical complications not seen 50 years ago
when mortality rates were higher. Common medical complications of prematurity
involve most body systems, including pulmonary, renal, neurological, gastrointestinal,
and hepatic disorders. Understanding how each medical condition affects the infant helps
to most appropriately feed the preterm infant.

Energy, protein, and mineral requirements are higher in the preterm infant
compared to the term infant. The American Academy of Pediatrics recommends an
intake enterally of at least 120kcal/kg/day and 3.5-4.0g/kg protein per day (compared to
108kcal/kg/day and 2.2g/kg/day of protein in the term infant) (42). Infants with growth
retardation, such as SGA or IUGR, have even higher energy and protein needs to provide
catch-up growth and maintenance. Tsang et al (2005) have revised the protein
requirements to 3.8-4.4 g/kg/day to help prevent neonatal extra-uterine growth failure (8).
Similarly, infants with chronic lung disease such as BPD have been shown to need more
calories and protein (95). This latter group of preterm infants often requires fluid

restrictions (8), limiting the amount of formula they are able to consume. To complicate

53



Enteral Needs of Preterm Infants

matters, these infants expend more energy to breath, and their ability to effectively suck
and swallow may be compromised due to prolonged mechanical ventilation using
endotrachial tubes (4).

When enteral feedings are started, the American Academy of Pediatrics
recommends breast milk as the best feeding option in most infants (39). Human milk is
known to have immunological benefits, aiding in digestion and promotion of a healthy
gut, as well as neurological benefits (67). Research has shown that adding protein and
minerals, in the form of infant formula or human milk fortifiers, to breast milk improves
weight gain (69, 70), lower leg velocity, serum alkaline phosphatase levels (indicator of
rickets) (33), and neurological development (improved MDI scores) (70).

If breast milk is not available or parents choose not to breast feed, nutrient
enriched formula is the next best option for the preterm infant. Preterm infant formulas
are widely used in NICU’s across the country. Preterm formulas contain high amounts of
protein, vitamins, and minerals. The American Academy of Pediatrics recommends the
use of high mineral content formula during hospitalization to improve BMC (34), growth
(75), and decrease the incidence of rickets (33, 34). Such formulas are available in
20kcal/oz and 24kcal/oz concentrations. When these formulas are given at an intake of
120kcal/kg/day (100% of preterm infant’s nutritional needs) they provide more than
3g/kg/day of protein (169), 200mg/kg/day of calcium and 113mg/kg/day of phosphorus.
These concentrations meet calcium and phosphorus needs for most preterm infants (77).

The use of standard term formulas in the preterm infant population is not recommended

.
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The ultimate goal of nutrition care of the preterm infant involves providing
nutrients in sufficient amounts to match intrauterine growth rates. Risks of under
nutrition include extra uterine growth failure and metabolic bone disease (33). Risks of
over nutrition include rapid weight gain (exceeding intra uterine growth rates) causing an
increased risk of obesity (166) and cardiovascular disease later in life (165). The AAP
recommends the use of supplemented breast milk for all preterm infants during and after
hospital discharge. If breast milk is not an option or not available, AAP recommends the
use of preterm formulas in the hospital, followed by nutrient enriched discharge formulas
after discharge (40). Modern technology has allowed for the survival of the youngest and
sickest preterm infants. Although there are no standardized recommendations for the
nutrition of the preterm infant after hospital discharge, the limited research available has
suggested that these infants require continued special attention to nutrition well beyond

discharge from the hospital.
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APPENDIX

DEFINITIONS

Alkaline phosphatase (Alk Phos): an enzyme that originates mainly in liver and bone. It

may be elevated in normal growth, liver disease, and/or bone disease. In metabolic bone
disease, alkaline phosphatase levels rise due to osteocyte production and calcium
deposition in bones (4).

Apnea: Temporary cessation of breathing and, therefore, of the body’s intake of oxygen
and release of carbon dioxide. Apnea of prematurity is a condition of the premature
newborn, marked by repeated episodes of apnea lasting longer than 20 seconds (7).

Basal Metabolic Rate (BMR): The metabolic rate as measured 12 hours after eating,

after a restful sleep, no exercise or activity preceding the test, elimination of emotional
excitement, and in a comfortable temperature. It is usually expressed in terms of
kilocalories per square meter or body surface per hour (7).

Blood Urea Nitrogen (BUN): Nitrogen in the blood in the form of urea, the metabolic

product of the breakdown of amino acids used for energy production. The level of urea
in the blood provides a rough estimate of kidney function (7).

Bradycardia: a slow heartbeat marked by a pulse rate below 60 beats per minute in an
adult (7).

Chronic Lung Disease (CLLD): a need for increased oxygen. Infants <32 weeks

gestational age (GA): oxygen requirements at 36 weeks GA or at discharge (whichever
comes first). Infants > or = to 32 weeks GA: oxygen requirements at > 28 days old or at

discharge (whichever comes first) (170).
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Extremely Low Birth Weight (ELBW): birth weight less than 1000 grams (4).

Gastro Esophageal Reflux (GER): the return of gastric contents into the esophagus

(Orenstein SR. Gastro esophageal reflux. Pediatr Rev 13:174, 1992). Reflux can either
be occult (asymptomatic) or regurgitant (symptomatic). Reflux is a common
physiological event occurring with varying degrees of frequency in most healthy
individuals, but it is particularly common in infancy (4).

Intrauterine Growth Retardation (IUGR): A decreased rate of fetal growth; most

commonly related to inadequate placental perfusion resulting from pre-existing or
coexisting maternal or placental factors. The infant’s birth weight is below the 10"
percentile on the intrauterine growth curve for the calculated gestation period (7).

Low Birth Weight (LBW): birth weight less than 2500 grams (4).

Minimal Enteral Feeds (MEF): also called hypocaloric or priming feedings, consists of

very low volume feedings (10-20ml/kg/day) initiated to acclimate the G.I. tract to
feedings, stimulate gut hormones, and promote G.I. maturation (58).

Rickets: A disease of bone formation in children, most commonly the result of vitamin D
deficiency, marked by inadequate mineralization of developing cartilage and newly
formed bone, causing abnormalities in the shape, structure, and strength of the skeleton
(7).

Small for Gestational Age (SGA): An infant whose birth weight falls less than the 10™

percentile for weight, length and/or head circumference on a growth curve (4).

Term Infant: an infant born between 37-42 weeks gestation (4).
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Total Parenteral Nutrition (TPN): The intravenous provision of dextrose, amino acids,

emulsified fats, trace elements, vitamins, and minerals to patients who are unable to
assimilate adequate nutrition by mouth (7).

Very Low Birth Weight (VLBW): birth weight less than 1500 grams (4).
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