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A dextrose electrolyte solution (5.9mmol/dl sodium) administered
alone or as a component of total parenteral nutrition was
satisfactory for full term infants but produced significant
hypernatraemia in infants of <34 weeks gestation during their
first few days of life. This hypernatraemia was prevented by the
substitution of a solution of lower sodium content (2mmol/dl).
Hyponatraemia was common between the second and fifth postnatal
weeks in enterally fed preterm infants of <1500g birthweight and a
sodium intake of at least 3-4mmol/kg/day was necessary to maintain
plasma sodium above 130mmol/l during this period. Plasma copper,
zinc and albumin levels and alkaline phosphatase activity were
recorded in infants of varying gestational age at birth. Plasma
albumin and copper rose and alkaline phosphatase activity fell
with increasing gestational age at birth, but no differences in
plasma zinc values were noted in infants of between 28 and 41
weeks gestation. Plasma albumin and copper levels increased
postnatally in preterm infants and did not differ from those of
infants of a comparable postconceptual age (gestational age +
postnatal age), in contrast to plasma zinc levels which declined
below such standards. There was a significant correlation
between the radiological features of rickets and plasma alkaline
phosphatase activity which therefore may be used to screen for and
monitor rickets in preterm infants. Routine dietary calcium
supplementation reduced the incidence and severity of rickets in
such infants. Hepatic dysfunction was detected in 14.6% of 122
infants who received total parenteral nutrition and a strong
association was noted between bacterial infection and the
development of hepatic dysfunction. Plasma bile salt
measurements did not prove to be a more sensitive indicator of
hepatic dysfunction than plasma direct bilirubin values. A
comparative study of two feeding regimens was carried out in
preterm infants of <1500g birthweight. Fifty nine infants were
allocated alternately to initial total parenteral nutrition or
nasoduodenal feeding (enteral group). One third of the infants
in the enteral group failed to establish nasoduodenal feeding
during the first postnatal week. The gradual introduction of
nasoduodenal feeding to infants in the parenteral group did not
prevent the recognised deterioration in growth pattern associated
with a rapid switchover from parenteral to enteral nutrition.
The initial use of total parenteral nutrition did not produce any
beneficial effects on growth between birth and the expected date
of delivery and acquired bacterial infection associated with
significant morbidity and mortality was more common in the
parenterally fed infants. Parenteral nutrition should not be
used routinely in very low birthweight infants but reserved for
those in whom enteral feeding is not possible.
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CHAPTER 1

GENERAL INTRODUCTION

Growth which is a continuous process from conception until adulthood is

at its most rapid between conception and birth. Studies of

intrauterine growth are generally based on anthropometric measurements

of infants born at varying gestational ages (Lubchenko et al, 1963,

1966; Usher & McLean, 1969) but it has been argued that prematurity is

an abnormal physiological state and that such infants may not reflect

normal growth patterns (Ounsted & Ounsted, 1973). In addition, such

data is cross-sectional, but now longitudinal data is being provided by

sequential ultrasound measurements (Meire, 1981) which correlate

reasonably well with previously derived anthropometric standards

(Brook, 1982a). Ultrasound measurements indicate that the increase in

foetal crown rump length is exponential from 6-14 weeks gestation

(Meire, 1981). The increase in biparietal diameter is linear in early

pregnancy but there is a progressive decrease in growth rate most

marked in the final weeks of pregnancy (Campbell & Newman, 1971; Meire,

1981). Other ultrasound measurements have been developed to assess

the size of the foetal trunk and obtain more accurate information

regarding growth. Measurement of foetal abdominal circumference at

the level of the liver is favoured (Campbell & Wilkin, 1975; Meire,

1981) the growth pattern of which is similar to that of biparietal

diameter but the fall off in later pregnancy is less marked (Meire,

1981).

Volume estimations have been applied to the linear measurements of

biparietal diameter and abdominal circumference and the results used to
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provide a curve for total foetal weight which corresponds to previously

derived anthropometric standards (Meire, 1981). Such values indicate

that foetal head growth velocity increases from 13 to 28 weeks and

declines after 32 weeks gestation. Measurements obtained from preterm

infants born during the last trimester show that peak head velocity

during this period occurs between 30 and 32 weeks with a reduction in

velocity thereafter until term (Lubchenko et al, 1966; Usher & McLean,

1969; Fujimura 4 Seryu, 1977). Weight gain and gain in crown heel

length during the last trimester are maximal between 31 and 36 weeks

gestation (Lubchenko et al, 1963; Usher 4 McLean, 1969; Davies, 1981).

After birth growth in term infants is rapid with an increase in growth

velocity in the immediate postnatal period which probably represents a

degree of catch-up growth following the growth restriction imposed

during the last few weeks in utero (Tanner, 1978). Subsequently there

is a decrease in growth velocity most marked during the first two to

three years of life which continues until the adolescent growth spurt

occurs (Tanner, 1978).

The rate of growth in utero is determined by the genetic potential

of the foetus and the intrauterine environment (Polani, 1974) and may

be influenced by many factors including maternal age, parity, ethnic

group, socioeconomic status, smoking and nutritional status (Tanner,

1978). Abnormal growth may occur if the foetal growth potential is

affected by congenital malformation, chromosomal anomaly, or congenital

infection (Usher, 1970). Using ultrasound measurements two patterns

of intrauterine growth retardation have been identified (Campbell,

1974). In the assymmetric form there is early reduction in abdominal



3

circumference with preservation or late reduction in head growth and in

the symmetric form both are uniformly affected. The former is

considered to result from placental insufficiency and the latter from

congenital malformation or infection and they correspond to the

clinically observed patterns of intrauterine growth retardation (Smith,

1947; Ounsted & Ounsted, 1966). A satisfactory intrauterine

environment is dependent on a supply of nutrients from the mother and

an adequately functioning placenta to permit exchange of nutrients and

waste products between foetal and maternal circulations (Gruenwald,

1974). Foetal malnutrition may result from an inadequate maternal

diet prior to or during pregnancy (Thomson & Billewicz, 1957; Pitkin et

al, 1972) or from factors which interfere with placental transport such

as preeclamptic toxaemia (Metcoff, 1982). It is considered that the

nature, timing and duration of deprivation account for the various

patterns of intrauterine growth retardation (Smith, 1947; Ounsted &

Ounsted, 1966). Specific dietary deficiencies in the mother may also

adversely affect foetal growth as in the association of maternal

Vitamin D deficiency and congenital rickets (Moncrieff & Fadahunsi,

1974, Forfar, 1976).

In utero the blastocyst initially absorbs nutrients through the

trophoblast and following implantation the syncitium provides nutrients

until the placental circulation is established around the third month

of gestation (Widdowson, 1981a). Thereafter the foetus derives

nutrients from the mother via the umbilical blood vessels. Water,

which comprises the majority of the body weight at any age

(Friis-Hansen, 1971), is exchanged across the placenta and foetal



4

membranes (Plentl, 1959) and carbohydrate, the principal energy source

of the foetus, is provided by transport of glucose from the maternal

circulation (Shelley, 1979). Few proteins other than gamma globulin

cross the placenta (Dancis et al, 1961) and nitrogen is transferred to

the foetus principally as amino acids, the transfer probably involving

an active transport mechanism (Prenton & Young, 1969). Lipids do not

readily cross the placenta and although some fatty acids cross the

placenta they do so slowly (Dancis & Schneider, 1978). During the

early part of gestation the foetus lays down fat only as structural

lipids and the body comprises less than 1% fat until midgestation

(Widdowson, 1981a). During the latter part of gestation the

percentage of body weight comprised of white fat increases from 3.5% at

28 weeks to 15% at term (Widdowson, 1981a) and it is likely that this

rapid deposition is not satisfied by placental transfer of fatty acids

and requires de novo synthesis (Dancis & Schneider, 1978). Inorganic

ions such as sodium are also transported from the maternal circulation,

the quantity of sodium supplied in the last trimester greatly exceeding

the requirements for growth (Flexner et al, 1948; Cox & Chalmers,

1953). It is considered that calcium (Tsang et al, 1973; Whitsett &

Tsang, 1980) and phosphorus (Economou-Mavrou & McCance, 1958; Khattab &

Forfar, 1971) are actively transported across the placenta. The

transport mechanisms for trace minerals such as copper and zinc are

less clear. Total body copper increases with increasing gestation

(Widdowson et al, 1972) but foetal serum copper values have been

reported to both increase (Canzler et al, 1972) and decrease (Widdowson

et al, 1974) with increasing gestation. Maternal copper values exceed
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those of the foetus but the disparity appears to be due to the

caeruloplasmin bound fraction (Scheinberg et al, 1954). Although the

majority of zinc in adult plasma is attached to protein (Underwood,

1977b) foetal plasma zinc levels are greater than maternal values with

preterm infants having higher values than more mature infants

(Berfenstam, 1952) but the mode of transmission to the foetus is

unknown. Water soluble vitamins such as folate and B12 readily cross

the placenta (Baker et al, 1958) Vitamin C doing so in the form of

dehydroascorbic acid (Raiha, 1958). Of the fat soluble vitamins,

Vitamin A is found in varying amounts in foetal liver (Wolff, 1932) the

concentration being lower in cord blood compared with maternal blood

(Lewis et al, 1943, 1947) and there is correlation between maternal and

cord blood 25-hydroxycholecalciferol values (Hillman & Haddad, 1974).

It is thought that Vitamin K1 does not readily cross the placenta

(Shearer et al, 1982).

In healthy full term infants exposed to ultraviolet light human

breast milk can provide all the nutritional needs for growth during the

first four postnatal months (Burman, 1982). The required intake of

nutrients for the term infant has been estimated from that of normally

growing breast fed infants (Burman, 1982) although it is known that

there is considerable variation in breast milk composition with time

and between individuals (Hytten, 1954; Hibberd et al, 1982).

Artificial milk formulas have been developed as an alternative to

breast milk. During the mid 19th century attempts were made to

develop a milk formula for infant feeding and by the 1930s most

available formulas were based on evaporated cow's milk with added
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carbohydrate (Anderson et al, 1982). Early formulas were available as

powders or as concentrated liquids and in the 1960s ready to feed

formulas became available. However formulas based on cow's milk have

a higher sodium and protein content than human milk (Department of

Health and Social Security, 1974) and infants fed such formulas,

particularly when fluid depleted, are at risk of developing

hypernatraemia with consequent neurological sequelae (Finberg &

Harrison, 1955; Macauley & Watson, 1967). Concern was expressed that

renal capacity to excrete urea could be overloaded by unmodified

preparations and higher plasma urea concentrations were recorded in

artificially fed infants compared with those fed human milk (Davies &

Saunders, 1973). An association between unmodified cow's milk

formulas and hypocalcaemic tetany was recognised in the 1930s (Bakwin,

1937). Calcium and phosphorus concentrations in cow's milk exceed

those of human milk and it is generally considered that the relatively

high phosphate load is the major factor in causing hypocalcaemia

(Gittleman & Pincus, 1951; Gardner, 1952). In 1974 the Department of

Health and Social Security Report on "Present Day Practice in Infant

Feeding" advised against the use of formulas containing sodium and

protein concentrations equivalent to that of cow's milk in infancy and

subsequently newer modified low solute formulas were generally

introduced. Currently available modified formulas have a lower

protein and sodium content than cow's milk (Department of Health and

Social Security, 1980) and as human milk fat is better absorbed than

cow's milk fat in infancy (Widdowson, 1981a) the fat of cow's milk is

replaced by other fats such that the fatty acid composition more
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closely resembles that of human milk. In addition the relatively high

casein content of cow's milk is believed to interfere with digestion

(Avery & Fletcher, 1931) and some of the newer milks also have an

adjusted casein:whey ratio. The introduction of low solute milk

formulas has been associated with a reduction in nypocalcaemia (Oppe &

Redstone, 1963; Barltrop £ Hi 11 ier, 1974) and hypernatraemia (Arneil &

Chin, 1979; Manuel & Walker-Smith, 1980).

The rapid establishment of satisfactory nutrition in the preterm

infant is necessary to allow optimal growth and development and it is

considered that following the transition from the intrauterine to the

extrauterine environment the growth of the preterm infant should follow

the intrauterine curve until the beginning of the deceleration phase

during the last trimester and from the expected date of delivery growth

should mirror that of term infants (American Academy of Pediatrics

Committee on Nutrition, 1977; Davies, 1981). Failure to achieve

adequate nutrition may have significant long term effects on growth and

development (Drillien, 1964; Lubchenko et al, 1972; bobbing, 1981).

In animals short periods of poor nutrition early in development have

adverse long term effects on brain growth and severe infant

malnutrition produces physical changes in the brain (Winick, 1969).

Infants who experience intrauterine growth retardation are at increased

risk of impaired neurological and psychomotor development when compared

with infants who are of normal weight for gestation (Neligan et al,

1977). It is uncertain to what extent the brain of the very preterm

infant is affected during periods of poor postnatal growth but reduced

cellularity and myelination were demonstrated in the brain of a preterm
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infant who died 10 weeks postnatally during which time his OFC had

fallen from the 50th to the 10th centile and his weight from the 10th

to below the 3rd centile (Trompeter et al, 1976). Initial poor

caloric intake in preterm infants has been associated with subsequent

neurological handicap, learning difficulties and reduced IQ (Drillien,

1964; Lubchenko et al, 1972).

The establishment of satisfactory nutrition in the preterm infant

is hindered by immaturity of the various organ systems. Most preterm

infants of less than 33-34 weeks gestational age do not have a mature

suck swallow pattern (Grybowski, 1965, 1969) and therefore breast or

bottle feeding is not initially possible (Roberton, 1979). The

gastrointestinal tract of the preterm infant is immature and fat

absorption is reduced when compared to full term infants thus affecting

energy retention (Sinclair et al, 1980). Intestinal lactase activity

only begins to rise after 30 weeks gestation (Grand et al, 1979) and

therefore very low birth weight infants may initially be lactose

intolerant. Immaturity of renal function (Arant, 1978) and a limited

ability to excrete a water load (Ames, 1953) affect the volume of feed

which can be administered.

Various modes of feeding have been employed in the preterm infant.

Initially such infants were fed by dropper but subsequently indwelling

nasogastric tubes were employed (Royce et al, 1951). However

nasogastric feeding may result in milk aspiration (Wharton & Bower,

1965) and exacerbation of respiratory distress (Yu, 1976) although it

is considered that administration of milk by continuous infusion

(Valman et al, 1972) rather than by intermittent bolus may minimise



9

these effects (Yu, 1976; Pitcher-WiImott et al, 1979). The use of

nasoduodenal or nasojejunal feeding (Hyde, 1978) avoids many of the

respiratory complications by delivering the milk feed beyond the

pylorus, but reported complications of this mode of feeding include

intestinal perforation (Boros & Reynolds, 1974; Chen & Wong, 1974; Loo

et al, 1974), necrotising enterocolitis (Heird, 1973; Beddis &

Mckenzie, 1979; Dryburgh, 1980), malabsorption (Roy et al, 1977),

impaired growth (Whitfield, 1982) and pyloric stenosis (Evans, 1982;

Raine et al, 1982). The use of total parenteral nutrition in the

preterm infant provides an alternative to enteral feeding. This

technique is believed to date from 1656 when Sir Christopher Wren

infused nutrients into the veins of dogs and in 1831 transient benefit

resulted from the infusion of intravenous saline dextrose in a woman

with cholera (Cockburn, 1976). Kautsch in 1911 infused dextrose into

surgical patients; in 1937 Elman demonstrated the effectiveness of

casein hydrolysate in preventing postsurgical nitrogen loss and a safe

fat emulsion was introduced in the 1960s (Shenkin & Wretlind, 1978).

The feasibility and effectiveness of total parenteral nutrition has

been demonstrated in both term and preterm infants (Wilmore & Dudrick,

1968; Heird et al , 1972; Peden & Karpel, 1972). Initially hypertonic

glucose solution was used, with or without protein hydrolysate (Wilmore

et al, 1969; Peden & Karpel, 1972) but up to one third of the amino

acids in the protein hydrolysates were in the form of small peptides

and the high ammonia content (Cockburn, 1976) resulted in

hyperammonaemia (Johnson et al, 1972). Subsequently crystalline amino

acid preparations became available and the introduction of a safe fat
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preparation for infants (Cohen et al, 1977) permitted a reduction in

the glucose concentrations required to provide an adequate caloric

intake (Cohen et al, 1977). Total parenteral nutrition may be

administered via a central catheter or a peripheral vein. The use of

the former may result in complications such as pneumothorax and vessel

perforation (Shenkin &Wretlind, 1978) and extravasation of infusate at

a peripheral site may result in extensive tissue damage (Heird &

Driscoll, 1975). Metabolic disturbances frequently occur during total

parenteral nutrition in preterm infants (Shaw, 1973) but are reversible

with early recognition (Yu et al, 1979). Acquired infection,

bacterial or fungal, is a well recognised complication of total

parenteral nutrition (Driscoll et al, 1972; Bryan et al, 1973; Shaw,

1973) but can be minimised by proper attention to technique (Sanders &

Sheldon, 1976). The use of total parenteral nutrition in the preterm

infant allows a higher caloric intake per unit volume than enteral

nutrition (Hume et al, 1981) but the technique is complicated and time

consuming and requires more extensive biochemical and bacteriological

monitoring than enteral nutrition. Although there are several reports

of the effect of supplemental parenteral nutrition in preterm infants

(Benda & Babson, 1971; Bryan et al, 1973; Pi Ides et al, 1973; Brans et

al, 1974a; Abitbol et al, 1975; Cashore et al, 1975) there have been

few controlled studies of total parenteral nutrition and enteral

feeding in preterm infants (Gunn et al, 1978; Yu et al, 1979).

Reported benefits of total parenteral nutrition in these latter two

studies include improved nitrogen and caloric intake and more adequate

weight gain.
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The nutrient requirements of the preterm infant differ from those

of the term infant. Factors to be taken into consideration include

the changes in body composition which normally occur in utero,

intrauterine accretion rates of protein, lipids, minerals and trace

metals and the limitations imposed on nutrient retention by immaturity

particularly of the gastrointestinal and renal tracts. The fatty acid

composition of the feed is important as rapid brain growth during the

last trimester of pregnancy is associated with substantial accretion of

long chain desaturation products particularly arachnidonic acid and

docosahexaenoic acids (Clandinin et al, 1980). Intrauterine accretion

of these fatty acids may be dependent on placental synthesis and

transfer as in animals the placenta and maternal liver are essential

links in the elongation and desaturation of linoleic and linolenic

acids (Crawford et al, 1976). After term birth the major fatty acid

requirement is for long chain saturated and monounsaturated fatty acids

(Cockburn et al, 1981) and the preterm infant may require a feed with a

different fatty acid composition from that suitable for the full term

infant. The amino acid composition of formulas also requires

consideration as the preterm infant requires some amino acids which are

not essential for the term infant. Removal of cystine from the diet

of preterm infants results in impaired nitrogen retention and growth

(Snyderman, 1971) and preterm infants fail to show an increase in

plasma cystine after a methionine load, a finding in keeping with the

lack of cystathionase in livers of foetuses and preterm infants

(Sturman et al, 1970; Gaull et al , 1972). The quality of the protein

is also important as infants fed a whey predominant formula grow better
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than those fed a casein predominant feed (Berger et al, 1979). When

compared with intrauterine accretion the intake of calcium and

phosphate obtained from conventional volumes of human milk is

inadequate from 28-40 weeks gestation (Widdowson, 1981a). Immaturity

of the gastrointestinal tract may limit absorption of calcium (Shaw,

1976) zinc (Dauncey et al, 1977) and fat (Koldovsky, 1978) and further

exacerbate dietary inadequacies. Renal immaturity is associated with

a high fractional excretion of sodium (Ross et al, 1977; Aperia et al,

1981) in the preterm infant resulting in a high daily sodium

requirement in the initial postnatal period.

Although there are potential immunological and nutritional

benefits associated with the use of breast milk (Ogra & Greene, 1982),

concern has been expressed as to the suitability of human milk,

particularly pooled mature human milk, for the preterm infant (Davies,

1977; Fomon et al , 1977; Davies & Evans, 1978; Tyson et al, 1981) and

similar concern must apply to artificial formulas based on mature human

milk. Poor gain in weight, length and OFC has been observed in

preterm infants fed mature human milk when compared to artificial milk

formulas (Davies, 1977; Tyson et al, 1981). Inadequate calcium and

phosphate intake has been implicated in the aetiology of rickets in

preterm infants (Day et al, 1975; Rowe et al , 1979; Steichen et al,

1980a) and hyponatraemia is a frequent finding in enterally fed very

low birth weight infants (Day et al, 1976; Roy et al, 1976). Although

the milk from preterm mothers differs in composition from mature milk

with higher reported contents of sodium, chloride, protein and calories

(Atkinson et al, 1980; Gross et al , 1981; Koo & Gupta, 1982; Hibberd et
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al, 1982) and similar weight gain has been observed in infants fed

preterm milk or artificial milk formulas (Atkinson et al, 1981) the

intake, particularly of calcium, phosphate, magnesium and possibly

copper and zinc, is still inadequate for the needs of the preterm

infant (Atkinson et al, 1980; Hibberd et al, 1982). Artificial milk

formulas specifically for low birth weight infants are now being

developed but there are still many questions as to what is the most

appropriate feed for the preterm infant and how it should be

administered in order to achieve satisfactory nutrition.

The assessment of nutritional status includes clinical

examination, anthropometry, biochemical measurement and evaluation of

immunocompetence (James, 1981; McLaren, 1982). The anthropometric

indices used in childhood include weight, height and weight/height/age

ratios (McLaren, 1982). In infancy weight, crown heel length and

occipitofrontocircumference are commonly employed (Brooke, 1980;

Davies, 1981). More precise measures of nutritional status depend on

assessment of body composition and it is particularly useful to

distinguish between lean body mass and body fat (Brooke, 1980; James,

1981). Body fat can be assessed by skin fold measurements (Edwards et

al, 1955) and arm muscle circumference provides a simple measure of

muscle mass (Frisancho, 1974). A number of biochemical indicators of

body composition including plasma and urine concentrations of various

nutrients such as amino acids, vitamins and minerals and other

components such as protein have been used to assess nutritional status

(James, 1981; McLaren, 1982). Plasma albumin has been employed for

many years as an index of nutritional status (James, 1981) but it
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responds slowly to nutritional deficiency and the concentrations of

other proteins with shorter half lifes such as transferrin (Reeds &

Laditan, 1976) and prealbumin (Smith et al, 1975) may be more sensitive

markers. Impaired immunocompetence has been noted in both adults and

children with malnutrition with reduced lymphocyte counts and impaired

delayed hypersensitivity (Chandra & Scrimshaw, 1980).

There are many difficulties associated with the assessment of

nutritional status in the preterm infant, particularly if of very low

birth weight. Available anthropometric standards are based on infants

born prematurely (Lubchenko et al, 1963, 1966; Usher & McLean, 1969;

Babson et al, 1970; Tanner & Thomson, 1970) and may not reflect normal

intrauterine growth (Ounsted & Ounsted, 1973). There have been

considerable changes in antenatal care during the last decade which may

have affected the pattern of intrauterine growth and the routine

clinical assessment of gestational age (Dubowitz et al, 1970) postdates

many of the earlier studies. There are standards available for arm

muscle circumference (Frisancho, 1974) and skin fold thicknesses (Brans

et al, 1974b; Oakley et al, 1977) in full term infants but only scanty

data is available for preterm infants. Biochemical measurements

widely used in older children and adults may be inappropriate for

preterm infants. Prealbumin was found to be of no value in detecting

undergrown infants at birth (Eggermont et al, 1979) and Brooke (1980)

found no correlation between cord blood albumin values and ponderal

index, head circumference or arm muscle area. The use of biochemical

indices is also hindered by lack of standards and inadequate knowledge

as regards the variation in measurements with gestational and postnatal
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age. It is known for example that plasma albumin at birth increases

with gestational age (Hyvarinen et al, 1973) and in preterm infants

increases postnatally (Svenningsen et al, 1982) but information about

many other parameters is lacking. The mechanisms of immune

responsiveness of the human foetus are largely unknown (Hayward, 1978)

and the healthy newborn infant may exhibit an impaired delayed

hypersensitivity response (Faulk et al, 1974). Therefore measures of

immunocompetence are unsuitable for assessing nutritional status in

infancy.

It was intended during the planned studies to obtain normal values

for various biochemical and anthropometric parameters of nutritional

status, to assess two modes of nutrition in the preterm infant and to

determine the requirements of some dietary constituents. The

variations with gestational age at birth of plasma alkaline phosphatase

activity, plasma albumin, copper and zinc values were ascertained.

These values were used in conjunction with other normal data to assess

the nutritional status of preterm infants during early postnatal life.

Preterm infants of less than 1500g birth weight were chosen for study

as it was felt that any nutritional inadequacies would be exaggerated

in this group of immature infants. Two modes of feeding, total

parenteral nutrition and nasoduodenal feeding were compared in these

infants. Nutritional effects on anthropometric and biochemical

parameters were recorded and the benefits and complications evaluated.

Further studies were carried out to determine the dietary requirements

of calcium and sodium in very low birth weight infants. It is hoped

that these infants will participate in a seven year follow up study in
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order that further information may be gained about the effect of early

nutritional status on long term growth and development.
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CHAPTER 2

FLUID AND ELECTROLYTE HOMEOSTASIS IN THE PRETERM INFANT

INTRODUCTION

In the foetus water and electrolyte balance is maintained largely by

the placenta (Kleinman, 1978). The sodium composition of the foetus

is 120mmol/kg fat free weight at ten weeks gestation, decreases to

95mmol/kg at 22 weeks and remains relatively constant thereafter

(Widdowson, 1981a). The foetus acquires sodium via the placenta

(Flexner et al, 1948; Cox & Chalmers, 1953) and the foetal body

increment of sodium decreases from 40mg/day at 24 weeks gestation to

24mg/day at term (Widdowson, 1981a), the quantity of sodium supplied by

the placenta in the last trimester greatly exceeding the requirements

for growth (Flexner et al, 1948; Cox & Chalmers, 1953). Sodium is the

principal cation of the extracellular fluid and in early foetal life

nearly all the sodium in the body is in the extracellular fluid but

from the seventh month of gestation onwards extracellular sodium falls

and there is increased sodium deposition in the skeleton (Widdowson,

1981a). At any age the majority of the body is water and the

percentage of total body weight which is water decreases with

increasing gestational age (Widdowson, 1981b). Total body water

comprises 92% of body weight at ten weeks gestation decreasing to 83%

at 28 weeks and to 68% at term (Widdowson, 1981b). The foetus

exchanges water across the placenta and foetal membranes

(Plentl, 1959). Amniotic fluid is produced in early pregnancy mainly
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from transudation through foetal skin and placental surface (Lind et

al, 1972). Subsequently there is a contribution from lung fluid and

in the latter part of pregnancy from urine (Houston & Zeis, 1976), the

production of which increases rapidly between 30 and 40 weeks gestation

(Wladimiroff & Campbell, 1974). In the first half of pregnancy

amniotic fluid composition resembles that of extracel1ular fluid but

later sodium concentration and osmolality fall below that of foetal and

maternal plasma (Gillibrand, 1969). In utero urinary fractional

excretion of sodium decreases with increasing gestational age but

sodium losses in utero prior to term still exceed those of the newborn

infant (Houston & Zeis, 1976) and thus the foetus passes dilute urine

with a high sodium content at a time when ample replacements of water

and sodium are available.

Following delivery the infant must regulate his own fluid and

electrolyte balance but immaturity of regulatory mechanisms,

particularly in the preterm infant, may limit his ability to do so

(Leake, 1977). Postnatally sodium is acquired from the diet or as a

component of parenteral fluids and losses occur in urine, faeces and

sweat. In the full term infant losses in sweat and faeces are small

and in both full term and preterm infants the major source of sodium

excretion is the kidney. The renal functions principally involved in

tiie control of urinary sodium loss are glomerular filtration and

tubular sodium reabsorption.

Glomerular filtration, corrected for surface area, is

disproportionately low in the newborn infant in relation to adult

values (Oh et al, 1966; Aperia et al, 1972) and is lower in the infant



19

of less than 34-35 weeks gestation compared with the full term infant

(Aperia et al, 1974; Arant, 1978). Postnatally glomerular filtration

increases in both term and preterm infants (Aperia et al, 1975b;

Aperia et al, 1981) rising to adult values by one to two years (Aperia

et al, 1975b). The rise in glomerular filtration in the first week of

life is more rapid in full term infants compared with preterm infants

and although over the next four postnatal weeks the increase is similar

in both groups the glomerular filtration rate of the preterm infant at

three to five weeks postnatal age is still significantly lower than

that of the full term infant (Aperia et al, 1981). The relatively low

glomerular filtration rate of the preterm infant may lead to limitation

of the rate of filtration of sodium and thus the infant's ability to

excrete sodium.

In the water deprived adult more than 99% of the filtered sodium

is reabsorbed by the tubules and micropuncture studies indicate that

70% of filtered sodium is reabsorbed in the proximal convoluted tubule

and the rest more distally, largely in the ascending limb of the loop

of Henle (Kleinman, 1978). Sodium reabsorption in the proximal tubule

is due primarily to the active transport of sodium but the net proximal

reabsorption is also a function of the physical properties of the

peritubular environment such as colloid osmotic pressure, hydrostatic

pressure and the integrity of the intercellular tight junctions

(Kleinman, 1978). Renal tubular absorption of sodium can be

influenced by a number of hormones, principally aldosterone which is

responsible for part of the sodium reabsorption in the distal

convoluted tubule (de Wardener, 1973). In addition there is some
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evidence that a third natriuretic factor affects sodium reabsorption

from both proximal and distal tubules (Brickner, 1967). Renal tubular

reabsorption of sodium in the infant is inversely related to

gestational age at birth (Siegel & Oh, 1976). Fractional sodium

excretion decreases with increasing postnatal age (Sulyok et al, 1979)

but may remain high in preterm infants during the first seven to ten

days of life (Ross et al, 1977; Aperia et al, 1981). Reabsorption of

sodium occurs along the entire nephron and depends on a balance between

glomerular and tubular function and on balance between the different

segments of the tubule. Aperia et al (1981) considered that the high

sodium excretion in the newborn preterm infant might represent

glomerulotubular imbalance at proximal tubular level. There is

supportive evidence for this in that fractional reabsorption of 32

microglobulin, which is a satisfactory marker of tubular maturation

(Aperia et al, 1981), and of glucose and amino acids, which are almost

entirely reabsorbed in the proximal tubule, is low in preterm infants.

Fractional sodium reabsorption in the proximal tubule increases slowly

in the preterm infant whereas there is a rapid increase in distal

tubular reabsorption of sodium in preterm infants from 70% to 84%

between the first and second postnatal week (Sulyok et al, 1979) the

percentage reabsorption remaining relatively constant thereafter.

This increased distal tubular reabsorption has been related to

increasing responsiveness to aldosterone in the preterm infant (Sulyok

et al, 1979; Aperia et al, 1981).
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Distal tubular sodium reabsorption is influenced by the

renin-angiotensin-aldosterone system. Renin, a glycoprotein enzyme,

is synthesised and stored in cytoplasmic granules in the

juxtaglomerular apparatus in the kidney (Silverman & Barajas, 1974).

Changes in intrarenal haemodynamics result in release of renin

(Davis, 1973) which acts on an ag-globulin substrate in plasma to
release angiotensin I (Oparil & Haber, 1974) and the action of

angiotensin converting enzyme results in the production of angiotensin

II (Erdos, 1977). Angiotensin II is the principal effector hormone of

the renin-angiotensin system and acts as a stimulator of aldosterone

production and as a vasoconstrictor in man (Oparil & Haber, 1974).

The human foetal kidney produces renin early in life (Molteni et al,

1974) and renin levels in cord and foetal blood exceed maternal levels

(Kotchen et al, 1972; Godard et al, 1976) and those of older infants

(Dillon et al, 1976). Plasma renin activity remains high in infancy

and falls to adult levels by six to nine years of age (Stalker et al,

1976). Plasma renin activity is higher in preterm infants compared

with term infants and decreases with increasing postnatal age, being

equivalent at 40 weeks postconceptual age to that of full term infants

at birth (Richer et al, 1977). Aldosterone values are also high in

the newborn infant (Dillon et al, 1976; Katz et al, 1974) and decrease

with increasing age (Dillon et al, 1976). In the infant the

renin-angiotensin system appears normally responsive to diuretic

(Sulyok et al, 1980) and acute blood volume change (Dillon et al,

1978). In both term and preterm infants aldosterone excretion is high

during the first postnatal week and increases further during the second
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and third weeks of life (Aperia et al, 1979). It has been considered

that the high plasma renin activity and aldosterone levels in newborn

infants might be responsible for increased distal tubular absorption of

sodium thus affecting the infant's ability to excrete a sodium load

(Aperia et al, 1972). Godard et al (1979) found no correlation

between plasma renin activity, plasma sodium values and urinary sodium

excretion but a correlation was found between urinary aldosterone

excretion and urinary sodium/potassium quotient in full term newborn

infants and in preterm infants of more than two weeks postnatal age

(Aperia et al, 1981). This relationship was not evident in preterm

infants during the first two postnatal weeks possibly reflecting

unresponsiveness to aldosterone at this time in less mature infants

(Aperia et al, 1981).

Newborn infants have a limited capacity to excrete a sodium load

(Aperia et al, 1972) and consequences of such a load include an

increase in plasma sodium values and in extracellular fluid volume

(Kagan et al, 1963) and increased body weight and oedema (McCance &

Widdowson, 1957). Preterm infants of 29-35 weeks gestation have a

greater natriuretic response following an oral sodium load than full
X

term infants and during early postnatal development there is a

reduction in natriuretic response in the preterm infant which reaches a

similar level at 40 weeks postconceptual age to that of the full term

infant at birth (Aperia et al, 1974). Subsequently the ability to

excrete a sodium load increases linearly over the first year of life

(Aperia et al, 1975b).
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Oral sodium requirements for the full term infant have been

estimated at 0.5-3.0mmol/kg/day (Cockburn SDrillien, 1974; Belton,

1978; Burman 1982) but the requirements of the preterm infant,

particularly if ill, appear much higher (Siegel & Oh, 1976; Engelke et

al, 1978) and recommended intakes of 3.0-3.5mmol/kg/day sodium have

been advised for well infants of less than 1500g birthweight (Day et

al, 1976; Chance et al, 1977). However the American Academy of

Pediatrics Committee on Nutrition (1977) recommended that the sodium

content of formulas for the low birth weight infant should be the same

as those for the full term infant. The suggested intravenous intake

of sodium for the full term infant is l-2mmol/kg/day (Shenkin &

Wretlind, 1978; Grotte et al , 1982) and 3-4mmol/kg/day for the preterm

infant at 28-32 weeks gestation (Shaw, 1973; Heird & Driscoll, 1975;

James et al, 1979).

There are changes in the relative distribution of body water

between the extracellular and intracellular compartments during

intrauterine life and the postnatal period. Extracellular fluid

accounts for 65% of total body water and 45% of the weight of a full

term infant and this proportion falls steeply over the first two months

of life to 33% body weight (Friis-Hansen, 1971). The fall in the

percentage of extracel1ular fluid is greater than the fall in total

body water because there is a simultaneous rise in intracel1ular water

(Widdowson, 1981b). Intracellular water as a percentage of body

weight increases from 35% at birth to 47% at seven to 16 years

(Friis-Hansen, 1971).
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Water is acquired postnatally from the diet and from metabolism.

Intake must balance losses in urine, faeces, insensible loss due to

sweat and humidification of expired air in addition to providing

requirements for growth. Insensible loss in the low birth weight

infant, particularly if less than 1500g may be several times greater

than in the full term infant (Fanaroff et al, 1972; Wu & Hodgman, 1974;

Bell et al, 1980a) due to increased skin vascularity and permeability

in addition to the greater surface area to body mass ratio in the

preterm infant. Insensible water loss is also increased by

phototherapy, radiant heaters (Wu & Hodgman, 1974), increased ambient

temperature (Bell et al, 1980a) and hyperventilation (Kerpel-Fronius,

1978) but may be decreased by increased humidification (O'Brien et al,

1954).

Urine volume is dependent on water intake, the quantity of solute

to be excreted and the maximal concentrating and diluting abilities of

the kidney. The newborn infant has a limited ability to produce

concentrated urine, the maximal osmolality achieved being 700mosm/kg,

half the normal adult maximum (Edelmann & Barnett, 1960) but

concentrating ability increases to adult levels by three months of age

(Kerpel-Fronius, 1978). The inability of the newborn infant to

concentrate urine is attributed partly to less availability of urea for

excretion and the neonate who receives a high protein diet can increase

his urinary concentration (Edelmann et al, 1960). The capacity to

conserve water is dependent on the creation of a hyperosmolar medulla

by extrusion of chloride and sodium against a concentration gradient

from the ascending limb of Henle's loop. During water deprivation



25

antidiuretic hormone is liberated from the pituitary making the

epithelium of the distal tubule and collecting duct permeable to water

which diffuses out to equilibrate with the hyperosmolar interstitium

(Chantler, 1979). Antidiuretic hormone may also reduce the medullary

blood flow and increase removal of sodium in the ascending limb further

contributing to water conservation during water deprivation (Chantler,

1979). The newborn infant responds to injection of hypertonic saline

with an increase in urine flow and increase in urine osmolality and

following intravenous dextran reverse changes occur consistent with

antidiuretic hormone inhibition (Fisher et al, 1963). Although early

studies suggested that antidiuretic hormone levels were low or

undetectable in newborn infants (Janovsky et al, 1965) subsequently

significant levels of antidiuretic hormone have been detected in cord

blood and neonatal plasma (Leake, 1977). Dilution is a function of

the ascending limb of the loop of Henle to transport chloride against a

concentration gradient and the ability of the distal tubule and

collecting duct to remain impermeable to water (Kleinman, 1978). The

newborn infant has a similar ability to produce dilute urine as an

adult (Barnett et al, 1952; McCance et al, 1954) but has a poor initial

ability to excrete a water load, although this function increases

rapidly in term and preterm infants over the first month of life (Ames,

1953). The ability to excrete a water load is a function of the

amount of water presented to the ascending limb of the loop of Henle

and the ability of this segment to dilute urine, the amount of water

presented being a function of glomerular filtration rate and proximal

tubular water absorption (Kleinman, 1978). Oral fluid loading of the
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low birth weight infant leads to fluid retention (Fisher et al, 1963)

and although intravenous fluid loading increases glomerular filtration

and free water clearance, in infants weighing less than 2kg only 70% of

an administered water load was excreted during a two hour study period

(Leake et al, 1976). Therefore the newborn infant has a limited

ability to conserve water in the face of deprivation and an impaired

excretory response to a water load.

Plasma sodium concentration reflects the relative amounts of

sodium and water in the plasma and may increase as sodium intake

increases or as water input falls and conversely, plasma sodium may

fall in response to sodium depletion or water overload. The

concentration of sodium in foetal plasma reflects the maternal value

(Alstatt, 1965; Battaglia et al, 1960; Bengtsson et al , 1970).

Reported cord blood sodium values are variable but within the range

136-148mmol/I in term infants (Acharya & Payne, 1965; Bengtsson et al ,

1970) and mean values of 132-141mmol/I have been recorded in preterm

infants (Yu et al, 1965; Sulyok, 1971). The electrolyte composition

of the body fluids in the infant and child are the same as those in the

adult, with plasma sodium being of the order of 142mmol/l (Houston,

1979). Hypernatremia, denoted by a plasma sodium value of greater

than 150mmol/l (Oh, 1976) is often associated with dehydration in which

fluid loss exceeds sodium loss but may result from an inadequate fluid

intake which produces a greater body deficit of fluid than sodium.

Excess sodium intake in the newborn period may occur particularly in

the form of sodium bicarbonate therapy administered for the correction

of metabolic acidosis. An association has been reported between
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hypernatraemia and intracranial haemorrhage in both experimental

animals (Finberg et al, 1959) and in human infants (Finberg & Harrison,

1955; Simmons et al, 1974). However, Papile et al (1978) could not

confirm this relationship in human infants and considered that the

association was related to the method of administration rather than the

dose of sodium bicarbonate. Hyponatremia, defined as a plasma sodium

value of less than 130mmol/l (Day et al, 1976), is a common electrolyte

abnormality in the newborn period. Early hyponatraemia may develop

secondary to maternal hyponatraemia (Alstatt, 1965) or as a consequence

of maternal drug therapy (Schwartz & Jones, 1978). Inappropriate

secretion of antidiuretic hormone will produce hyponatraemia and occurs

particularly in association with asphyxia in the newborn period (Kaplan

& Feigin, 1978). Hyponatraemia has been described in well low birth

weight infants (Day et al, 1976; Roy et al, 1976) and plasma sodium

values as low as 110mmol/l have been reported (Kumar & Sacks, 1978).

Symptoms of lethargy and apnoea have been described infrequently and a

decrease in linear growth has been recorded in hyponatraemic infants

(Day et al, 1976). It is considered that human breast milk and

modified artificial milk formulas provide an inadequate sodium intake

for the low birth weight infant (Day et al, 1976; Roy et al, 1976;

Chance et al, 1977) and sodium supplementation of the extremely low

birth weight infant between the second and fifth postnatal week or

until a weight of 1500g is reached has been recommended (Roy et al,

1976; Chance et al , 1977).
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Two studies were undertaken, the first to evaluate the

appropriateness in infants of varying gestational age of two parenteral

regimens providing differing sodium intakes; the second to study

sequentially a group of infants of birth weight less than 1500g in

order to investigate the incidence of hyponatremia and the

requirements for sodium supplementation.
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PATIENTS AND METHODS

STUDY 1

All infants admitted to the Special Care Unit, Simpson Memorial

Maternity Pavilion during the period January 1978 to October 1980 who

received parenteral fluids during the first week of life and in whom

there was no evidence of significant birth asphyxia, renal disease or

requirement for exchange transfusion were studied. A total of 178

infants of 26 to 41 weeks gestation as assessed by maternal dates and

clinical assessment (Dubowitz et al, 1970) were considered.

Parenteral fluids comprised a dextrose electrolyte solution 'Regular

Cocktail' (containing 5.9mmol/100ml sodium) alone or as a component of

total parenteral nutrition. Total parenteral nutrition comprised

Vamin Glucose, an amino acid solution containing 5mmol/100ml sodium and

Intralipid 20% in addition to the dextrose electrolyte solution

(Appendix I). Dextrose electrolyte solution was commenced within six

hours of birth, Vamin Glucose being introduced at 12 hours and

Intralipid 20% at 24 hours, providing there were no contraindications

such as a severe metabolic acidosis. Following the introduction of

all three components a 9:3:2 ratio of Cocktail:Vamin:Intralipid was

maintained. Intralipid was only infused for 21 hours in 24 being

discontinued for three hours prior to the measurement of biochemical

parameters.

Fluid intake in premature infants commenced at 50ml/kg/day on day

1 and increased by 25ml/kg daily increments to 200ml/kg/day. The

planned intake in full term infants was 65ml/kg/day on day 1, 90ml/kg

on day 2, 120ml/kg on day 3 and 150ml/kg on the fourth and subsequent
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days. In both groups of infants fluid intake was adjusted on the

basis of clinical assessment of hydration, body weight and awareness of

increased losses particularly in relation to phototherapy and the use

of radiant heaters.

Regular estimations of blood glucose by means of Dextrostix (Ames)

were carried out in all infants who were receiving parenteral fluids,

and urine was tested for glucose. In the event of an infant having a

recorded blood glucose value in excess of 130mg/100ml an intramuscular

dose of soluble insulin O.liu/kg was given. Plasma sodium values were

measured daily in all infants during the first week of life and

subsequently at less frequent intervals in those infants who received

prolonged parenteral nutrition. Variations in plasma sodium values

with gestational age in infants receiving parenteral nutrition during

the first and subsequent postnatal weeks were assessed. Daily fluid

and sodium intake, based on the infants' actual daily weight were

calculated and related to gestation.

Following this initial study during a subsequent 12 month period

from November 1980 to November 1981, all infants of less than 35 weeks

gestation with no evidence of severe birth asphyxia or renal disease

who required parenteral fluids received a dextrose electrolyte solution

containing 2mmol/100ml sodium ('Low Sodium Cocktail1) alone or as a

component of total parenteral nutrition. Plasma sodium values were

measured daily during the first week of life and less frequently

thereafter. When it was considered that an infant's plasma sodium was

declining 'Regular Cocktail' was substituted for 'Low Sodium Cocktail'.
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The variations in plasma sodium with gestational age were again

assessed and compared with the infants who received 'Regular Cocktail1.

STUDY 2

A total of 36 preterm infants weighing less than 1500g at birth were

studied. In 21 infants enteral feeding was commenced via a

nasoduodenal tube as soon as possible after birth with human expressed

breast milk or SMA Gold Cap Formula (Appendix II). Milk feeding was

commenced at a rate of lml/hour by constant infusion and increased by

lml increments six hourly as tolerated, to requirements.

Supplementary parenteral dextrose electrolyte solution ('Low Sodium

Cocktail') was given as necessary to complete fluid requirements during

the first week of life but all infants were established on total

enteral nutrition by seven days of age. In 15 infants parenteral

feeding was commenced from birth and once the clinical status was

stable enteral nutrition was introduced gradually. Milk feeding was

again administered by constant infusion of expressed breast milk or SMA

Gold Cap Formula via a nasoduodenal tube, initially at a rate of

lml/hour and maintained at this rate for 48-72 hours. Thereafter the

rate of infusion was increased by lml increments 12 hourly until

requirements were reached. The fluid regimen in each of the two

groups commenced at 50ml/kg/day on day 1 and increased by 25ml/kg daily

increments to 200ml/kg/day. This regimen was modified in the light of

the clinical status of the infant with regard to dehydration or fluid

overload. Nasogastric feeding was introduced when the infants weight
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reached 1600g and progression thereafter to breast or bottle feeding

depended on the individual infant's behaviour. Plasma sodium was

measured on days 1,2,3,5,7,10,13 and weekly thereafter. In infants in

whom plasma sodium values fell to 130mmol/l or below, sodium

supplementation in the form of a solution of sodium chloride (lmmol/ml

sodium) was added to milk. The incidence of hyponatremia in the two

groups of infants and the required daily intake of sodium was assessed.

Statistical analysis was by Students' t test.
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RESULTS

STUDY 1

PARENTERAL INFUSIONS WITH 'REGULAR COCKTAIL'

Sequential daily measurements of plasma sodium during the first week of

life were made on 178 infants. These infants had no fluids by the

enteral route and the parenteral fluids comprised a dextrose

electrolyte solution ('Regular Cocktail1) alone or as a component of

total parenteral nutrition. The infants were grouped according to

gestational age assessment and the sequential plasma sodium values in

these groups compared (Table 2.1). On the first day of life only

marginally significant differences were noted between the plasma sodium

values of different gestational age groups (Table 2.1). However, by

the second day of life infants in the lower gestational age groups had

significantly higher plasma sodium values than infants in the higher

gestational age groups (Figure 2.1). This relative hypernatraemia

persisted in the lower gestational age infants through the third day of

life but by the fourth day no significant differences in plasma sodium

values were observed between groups (Table 2.1). Thereafter the

infants in lower gestational age groups tended to have lower plasma

sodium values although the differences were only marginally significant

by the seventh postnatal day (Table 2.1). The peak plasma sodium

value was significantly higher in infants in the lower gestational age

groups when compared with more mature infants (Table 2.2). A plasma

sodium value of greater than 150mmol/l was recorded in 25 of the 178

infants, all but one of whom were of less than 34 weeks gestation.
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FIGURE 2.1: SEQUENTIAL PLASMA SODIUM VALUES IN INFANTS RECEIVING
'REGULAR COCKTAIL' DURING THE FIRST SIX POSTNATAL DAYS

The values illustrated are for infants of 28+29, 32+33 and 36+37 weeks
gestational age. Refer to Table 2.1 for the number of infants in each
gestational age group.

In all groups of infants the mean plasma sodium value increased
over this period with significantly higher peak values noted in the
less mature infants.
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'Regular Cocktail' 'Low Sodium Cocktail'
(a) (b)

Gestation
(weeks)

Peak Plasma
Sodium

Age
(days)

Peak Plasma
Sodium

Age
(days)

p value
(a v b)

26+27 150.2±3.8 2.7±0.8 143.8+3.1 2.5+0.5 <0.01
(16) (6)

28+29 149.6±4.3 2.8±0.6 142.1+3.1 2.5+1.0 <0.001
(27) (12)

30+31 148.0±3.5 3.0±0.7 142.2+3.0 2.9+0.7 <0.001

(26) (20)
32+33 146.1±3.2 3.1+0.8 142.7+3.1 2.2+0.4 <0.01

(33) (9)
34+35 144.9±3.3 3.3+0.8 142.8+1.2 2.4+0.5 NS

(33) (5)
36+37 144.5±3.0 3.2+0.9

(21)
38-41 143.1±2.1 3.2+0.6

(10)

p value 26v32<0.001 30v32<0.05 NS
26v34<0.001 30v34<0.001
26v36<0.001 30v36<0.001
26v38<0.001 30v38<0.001 •

28v32<0.001 32v38<0.01
28v34<0.001
28v36<0.001
28v38<0.001

Table 2.2: COMPARISON OF PEAK PLASMA SODIUM VALUES IN INFANTS RECEIVING
'REGULAR COCKTAIL' OR 'LOW SODIUM COCKTAIL'

Peak plasma sodium (mmol/1) and postnatal age (days) are expressed as
mean values ±1SD. For brevity in the statistical analysis only the
first figure in each gestational age group is used. The numbers in
parenthesis refer to the number of infants studied in each group. The
age in days is the time of peak postnatal plasma sodium value.

Infants in the lower gestational age groups infused with 'Regular
Cocktail' had significantly higher peak plasma sodium values than more
mature infants. In infants infused with 'Low Sodium Cocktail' there
was no significant variation in peak plasma sodium values with
gestational age. When groups of infants of similar gestational age
infused with either 'Regular Cocktail' or 'Low Sodium Cocktail' were
compared the peak plasma sodium values were significantly different in
infants of less than 34+35 weeks gestation.
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Fluid intake in preterm infants was planned to commence at

50ml/kg/day on the first postnatal day and increase by 25ml/kg/day to

200ml/kg/day. However marked deviations from this planned fluid

intake were noted in preterm infants who received 'Regular Cocktail' as

fluids were adjusted on the basis of clinical assessment of hydration,

body weight and an awareness of increased losses particularly in

relationship to phototherapy and the use of radiant heaters. This was

particularly noticeable in the groups of infants of less than 30 weeks

gestation where after the first day of life daily increments in fluid

administration exceeded the planned intake (Table 2.3). In the groups

of infants of greater than 31 weeks gestational age the pattern of

fluid increments tended to follow the planned regimen. The mean daily

fluid intake of infants of 26 to 29 weeks gestation was significantly

greater than that of more mature infants particularly between the

second and fourth postnatal days (Table 2.3).

Sodium intake was derived from parenteral fluids and from the

intravenous administration of sodium bicarbonate for the correction of

metabolic acidosis. For both fluid intake and sodium intake the

number of infants studied in any postnatal day does not necessarily

equal the number of plasma sodium estimations done on that day as the

plasma sodium value obtained at 8.00am was considered to result from

the fluid and sodium intake of the previous day. Therefore, for

infants who died or were commenced on oral feeding during the course of

a day the plasma sodium value for that day was considered but not the

sodium or fluid intake. In addition fluid and sodium intakes were not

always available for the day of birth as some infants were transferred



Gestation (weeks)

1

2

Postnatal 3
4

Age

(days) 5

6

7

6+2718 8+29270+31272+3333}4+3539}6+3722)8-4111)
pvalue

51.6±(17510+
25

548+
26

534+
31

48.0±
35

566+
22

471+(10
NS

2.0 3.3 3.1 .1 3.7 5.9 3.0

105.3±29(16822+2327795+2227731+1733 687+1436 67.3+2622610+'9(11) 26v28<0 26v30<0 26v32<0 26v34<0 26v36<0 26v38<0 28v34<0 28v36<0 28v38<0 30v34<0 30v38<0 32v38<0
1

4
9

6

1

9
4

0101 001 001001 001010501050505

155.4±4(11 123.5±3524 1201+3823 104.3±25271003+2333 87)3+2021872+13(11 26v28<0 26v30<0 26v32<0 26v34<0 26v36<0 26v38<0 28v32<0 28v34<0 28v36<0 28v38<0 30v34<0 30v36<0 30v38<0 32v36<0
6

1

9 8
9

8
5

05050105 001 001 00101 00101 05 010505

163.9±4711)1628+4423 1370+38191209+3023 1242+2628 103.1±28(17 1022+16(6) 26v32<0. 26v34<0. 26v36<0. 26v38<0. 28v32<0. 28v34<0. 28v36<0. 28v38<0. 30v36<0. 34v36<0.
6

9

1 1 1

8

1

0101 00105001 001001010505

200.8±65.19)176)9+47.323a147)6+26.9(16 140)0±33.723. 142)6+36.6(27 125)6+35.5 !2a110)8+36.1(4) 26v30<0.05 26v32<0.01 26v34<0.01 26v36<0.01 26v38<0.05 28v30<0.01 28v32<0.01 28v34<0.05 28v36<0.05 28v38<0.05 30v36<0.05 30v38<0.05
211.2+51(8)193)4+4721 166)5+2214 158)8+3518 172)8+24(19 126.5+27(8)
3 0

7 1

0

7

26v30<0 26v34<0 26v36<0 28v32<0 28v36<0 30v36<0 32v36<0 34v36<0
0105 00105001 0105001

193.8+40(7)1741+4320 1610+
11

160)5+
15

162.2+(11 1451+
2

5 5

3.0 8.1 1.6 6.5

NS

Table2.3:VARIATIONSINFLUIDINTAKEWITHGESTATIONALAGEININFANTSRECEIVING'REGULARCOCKTAIL' DURINGTHEFIRSTPOSTNATALWEEK
Dailyfluidintakes(ml/kg/day)areexpressedasmeanvalues+1SD.Thenumbersinparenthesisrefer tothenumberofinfantsstudiedoneachoccasion.Inthestatisticalcomparisonforbrevityonly thefirstfigureineachgestationalagegroupisused. Themeandailyfluidintakeofthelessmatureinfantswassignificantlygreaterthanthatof

infantsinthehighergestationalagegroups,particularlyduringthesecond,thirdandfourth postnataldays.
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into the Unit from other hospitals. By the second day of life the

mean daily intake of sodium was higher in infants of the lower

gestational age groups and this tendency to a higher daily sodium

intake persisted until day 6 particularly in the infants of less than

30 weeks gestation (Table 2.4). During this initial study period when

a plasma sodium value in excess of 145mmol/l was recorded 'Regular

Cocktail', Vamin and Intralipid were discontinued and 5% or 10%

dextrose infused until sequential plasma sodium values fell to remain

within the normal range. This substitution of 5% or 10% dextrose was

employed more frequently in infants in the lower gestational age groups

and was used in 13 infants, eight infants in the 26+27 week age group,

four infants in the 28+29 week group and one infant in the 30+31 week

group. In the infants studied after seven days of age sequential

measurements of plasma sodium showed a fall (Figure 2.2) and mean

plasma sodium values on day 8 were significantly lower in infants in

the less mature groups when compared to those of greater gestational

age (Table 2.5) but by the end of the second postnatal week the values

had stabilised with no differences between the groups.

PARENTERAL INFUSIONS WITH LOW SODIUM COCKTAIL

Sequential daily measurements of plasma sodium were obtained from 52

infants of less than 36 weeks gestational age during the first five

days of life. These infants had no fluids by the enteral route and

parenteral fluids comprised a dextrose electrolyte solution ('Low

Sodium Cocktail') alone or as a component of total parenteral

nutrition. Infants were grouped according to gestational age



Gestation (weeks)

1

26+27

4.1±2.0

(18)

(17)

28+29

3.7±2.1

(27)

(25)

30+31

4.2±1.3

(27)

(26)

32+33

4.2±1.8

(33)

(31)

34+35

3.5±1.4

(39)

(35)

36+37

3.7±1.6

(22)

(22)

38-41

2.7±0.7

(ID

(10)

pvalue

30v38<0.01 32v38<0.05

2

Postnatal 3
Age

(days) 5

6

7

8.8±4.4

10.3±4.1

9.2±3.1

(9)

(8)

(7)

8.9±3.4

10.6±3.0

9.0±2.4

(23)

(21)

(20)

7.2±1.5

8.8±1.9

8.8±2.5

(16)

(14)

(11)

7.3±1.7

8.0±2.0

8.0±2.0

(23)

(18)

(15)

7.1±1.6

8.6±1.6

8.2±1.3

(27)

(19)

(11)

6.5±1.4

6.4±1.2

(12)

(8)

5.5±1.3 (4) 28v34<0.05
26v36<0.05

NS

28v36<0.05
28v32<0.01 28v34<0.05 28v36<0.001 30v36<0.01 34v36<0.01

5.5±2.5

7.0±4.1

7.9±4.9

(16)

(11)

(11)

4.5+1.7

6.7±2.5

8.2±2.7

(27)

(24)

(23)

4.2±1.4

6.3±2.5

7.1±2.1

(27)

(23)

(19)

4.4±1.1

5.5±1.6

6.5±1.6

(33)

(27)

(23)

3.9±0.9

5.3±1.3

6.4±1.9

(36)

(33)

(28)

3.8±1.4

4.6±1.0

5.0±1.4

(22)

(21)

(17)

3.3±0.5

4.6±1.2

5.1+0.6

(11)

(ID

(6)

26v30<0.05
26v34<0.05
26v36<0.05

26v32<0.05
26v36<0.05
28v32<0.05

26v34<0.01
28v34<0.01
28v34<0.01

26v36<0.05
28v36<0.01
28v36<0.001

26v38<0.01
28v38<0.05
28v38<0.05

28v38<0.05
30v36<0.01
30v36<0.01

30v38<0.05
30v38<0.05
30v38<0.05

32v38<0.01
32v36<0.05
32v36<0.01

34v38<0.05
34v36<0.05
34v36<0.05

Table2.4:
VARIATIONSINDAILYSODIUMINTAKEWITHGESTATIONALAGEININFANTSRECEIVING'REGULAR COCKTAIL'DURINGTHEFIRSTPOSTNATALWEEK

Dailysodiumintakes(mmol/kg/day)areexpressedasmeanvalues±1SD.Thenumbersinparenthesis refertothenumberofinfantsstudiedoneachoccasion.Forbrevityinthestatisticalcomparison onlythefirstfigureofeachgestationalagegrouphasbeenused. Meandailysodiumintaketendedtobehigherinthelowergestationalagegroupsduringthe
firstweekoflifewhencomparedtothemorematureinfants.



POSTNATAL AGE (days)

FIGURE 2.2: SEQUENTIAL PLASMA SODIUM VALUES IN INFANTS RECEIVING
'REGULAR COCKTAIL' DURING THE FIRST SIX POSTNATAL WEEKS

The values illustrated are for infants of 28+29 weeks gestation.
Refer to Table 2.5 for the number of infants studied according to
postnatal age.

Following an initial rise in plasma sodium over the first few days
of life the mean plasma sodium value fell towards the end of the first
postnatal week and stabilised during the second postnatal week.



GestationPostnatalAge(days) (weeks)8111421283542 26+27

133.2±6.1
136.7±2.2
134.7±5.4
133.0±4.0

-

-

-

(6)

(4)

(4)

(2)

28+29

134.4±5.6
134.2±5.1
134.5±3.0
137.9±2.8
136.9±2.7
136.9±4.5
138.2±1

(18)

(17)

(15)

(10)

(9)

(8)

(5)

30+31

137.3±4.7
134.9±5.0
138.3±2.0
136.7±4.5

-

—

-

(11)

(7)

(3)

(3)

32+33

138.3±2.7
136.6±2.7
136.4±2.4
138.7±2.3
138.3±3.4
138.7±2.5

(13)

(7)

(5)

(6)

(6)

(4)

34+35

142.9±2.5
137.0±4.3
142.0±3.0

-

—

-

-

(7)

(3)

(2)

pvalue26v32<0.05 26v34<0.01 28v32<0.05 28v34<0.01 30v34<0.05 32v34<0.01
Table2.5:VARIATIONSINPLASMASODIUMVALUESWITHGESTATIONALAGEININFANTSRECEIVING'REGULAR COCKTAIL'BETWEENTHESECONDANDSIXTHPOSTNATALWEEKS

Plasmasodium(mmol/1)valuesareexpressedasmeans±1SD.Thenumbersinparenthesisrefertothe numberofinfantsstudiedoneachoccasion.Inthestatisticalcomparisonforbrevityonlythe firstfigureofeachgestationalagegroupisused. Significantdifferencesinplasmasodiumvalueswithgestationalagewerenotedontheeighth postnataldaybutnotsubsequently.
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assessment and sequential plasma sodium values compared. Only

marginally significant differences were noted on day 1 and 2 and

subsequently no differences were noted in plasma sodium values between

infants of different gestational age groups (Table 2.6; Figure 2.3).

The mean daily fluid intake in ml/kg increased in all groups over

the period of study and was greater than the planned incremental

increase from 50-200ml/kg/day in 25ml increments, particularly in

infants in the lower gestational age groups (Table 2.7). The mean

daily sodium intake increased in all groups over the first week of life

as the daily fluid intake increased but only marginal differences were

noted between infants in different gestational age groups (Table 2.8).

COMPARISON OF MEAN PLASMA SODIUM VALUES, FLUID INTAKE AND SODIUM INTAKE
IN INFANTS PARENTERALLY INFUSED WITH 'REGULAR COCKTAIL' OR 'LOW SODIUM
COCKTAIL'

In infants of 28 to 31 weeks gestational age the mean plasma sodium

value was lower in infants receiving 'Low Sodium Cocktail' compared

with 'Regular Cocktail' on day 2 and remained significantly lower

during the subsequent 48 hours (Table 2.9). The peak plasma sodium

value was significantly lower in infants of 26 to 33 weeks gestational

age receiving 'Low Sodium Cocktail' compared to those receiving

'Regular Cocktail' but no significant differences were noted in infants

of the 34+35 week gestational age group (Table 2.2; Figure 2.4). In

addition a plasma sodium value of greater than 150mmol/l was not

recorded in any of the infants who received 'Low Sodium Cocktail'.

By the second postnatal day infants receiving 'Low Sodium Cocktail'

had a significantly greater fluid intake compared to those receiving



Gestation P ostnatal Age (days)
(weeks) 1 2 3 4 5

26+27 135.7±1.9 142.3+2.4 141.7+8.2 136.3+1 7 -

(6) (6) (6) (4) (3)
28+29 137.8+3.5 139.2+4.1 140.4+3.1 134.5+8.3 133.0+7.7
(12) (10) (11) (11) (10) (6)

30+31 135.6+2.9 139.1+3.4 141.5+4.0 138.6+3.9 136.3+3.7
(20) (18) (19) (18) (16) (7)

32+33 138.9+4.1 142.3+3.1 140.4+3.3 138.5+3.8 134.6+3.4
(9) (8) (9) (7) (4) (5)

34+35 137.0+1.0 141.8+2.3 142.6+1.5 139.0+1.0 -

(5) (2) (5) (5) (2)

val ue 30v32<0.05 26v30<0.05 NS NS NS
30v32<0.05

Table 2.6: VARIATIONS IN PLASMA SODIUM VALUES WITH GESTATIONAL AGE IN
INFANTS RECEIVING 'LOW SODIUM COCKTAIL' DURING THE FIRST
FIVE DAYS OF LIFE

Plasma sodium (mmol/1) values are expressed as means ±1SD. The numbers
in parenthesis refer to the number of infants studied on each occasion.
For brevity in the statistical analysis only the first figure in each
gestational age group is used.

The mean plasma sodium value was marginally higher in infants of
32+33 weeks gestation compared with 30+31 weeks on day 1. On the
second postnatal day the mean value in infants of 26+27 weeks was higher
than that of 30+31 weeks and that of 32+33 week infants exceeded that of
30+31 week infants. No other significant differences were noted
between groups.
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FIGURE 2.3: SEQUENTIAL PLASMA SODIUM VALUES IN INFANTS RECEIVING 'LOW
SODIUM COCKTAIL' DURING THE FIRST FIVE DAYS OF LIFE

The values illustrated are for infants in the 28+29, 32+33 and 34+35
week gestational age groups. Refer to Table 2.6 for the number of
infants studied on each postnatal day.

There was an increase in plasma values in all groups over the
first 48 hours with a subsequent decline. In infants of 28+29 and
32+33 weeks gestational age the plasma sodium value had fallen below
the day 1 value by the fifth postnatal day although the differences
were not statistically significant.



Gestation P o s t n a t a 1 A g e (days)
(weeks) 1 2 3 4 5

26+27 73.3±26.7 122.3±32.8 193.4+37.7 236.1+38.6
(6) (5) (6) (5) (3)

28+29 59.8±21.0 106.2±47.7 151.6+46.0 167.0+37.6 212.0+46.5
(12) (11) (12) (11) (9) (5)

30+31 56.9±21.1 110.9±26.7 160.1+32.1 168.7+35.6 204.5+13.1

(20) (20) (17) (16) (8) (6)
32+33 67.6±14.3 115.1±21.4 161.1+33.0 171.2+26.2 194.0+48.4
(9) (8) (7) (6) (5) (3)

34+35 78.1±22.5 102.9+25.9 143.8+36.8 - -

(5) (4) (5) (3)

p value NS NS NS 26v28<0.05 NS
26v30<0.05

Table 2.7: VARIATIONS WITH GESTATIONAL AGE OF DAILY FLUID INTAKE IN
INFANTS RECEIVING 'LOW SODIUM COCKTAIL' DURING THE FIRST
FIVE DAYS OF LIFE

Daily fluid intake (ml/kg/day) values are expressed as means ±1SD. The
numbers in parenthesis refer to the number of infants studied on each
occasion. For brevity in the statistical comparison only the first
figure in each gestational age group is used.

The mean daily fluid intake in infants of 26+27 weeks gestation was
marginally greater than that of 28 to 31 week infants on day 4. No
other significant differences were noted between groups.



Gestation P o s t n a t a 1 A g e (days)
(weeks) 1 2 3 4 5

26+27 1.7±0.6 2.9+0.9 4.0+1.5 5.6+1.1
(6) (5) (6) (5) (3)

28+29 1.4+0.7 2.4+1.2 3.8+1.5 4.2+1.8 6.2+2.6
(12) (11) (12) (11) (9) (5)

30+31 1.7+0.9 2.4+0.7 3.4+1.0 3.9+0.9 4.7+0.7
(20) (20) (17) (16) (8) (6)

32+33 1.5+0.4 2.8+0.7 3.7+0.6 3.8+1.2 4.9+1.6
(9) (8) (7) (6) (5) (3)

34+35 1.6+0.5 2.3+0.7 2.9+0.6 — —

(5) (4) (5) (3)

p value NS NS NS 26v30<0.05 NS

Table 2.8: VARIATIONS WITH GESTATIONAL AGE OF DAILY SODIUM INTAKE IN
INFANTS RECEIVING 'LOW SODIUM COCKTAIL' DURING THE FIRST
FIVE DAYS OF LIFE

Daily sodium intakes (mmol/kg/day) are expressed as mean values ±1SD.
The numbers in parenthesis refer to the number of infants studied on
each occasion. For brevity in the statistical comparison only the
first figure in each gestational age group is used.

The mean daily sodium intake in infants of 26+27 weeks gestational
age group was marginally greater than that of the infants in the 30+31
week group on the fourth postnatal day. No other significant
differences were noted between groups.



Gestation

PostnatalAge(days)
(weeks)12345 RegLowRegLowRegLowRegLowRegLow

26+27137.4±2.9135.7±1.9146.0±4.2142.3±2.4146.4±4.0141.7+8.2142.2+6.2136.3+1.7 28+29138.7+3.4137.8+3.5143.5+5.5139.2+4.1147.7+5.3140.4+3.1143.5+5.2134.5+8.3138.9+5.1133.0+7.7 30+31136.8+3.8135.6+2.9143.2+5.3139.1+3.4146.7+4.9141.5+4.0143.7+3.5138.6+3.9140.1+4.4136.3+3.7 32+33137.9+2.8138.9+4.1140.Q+4.1142.3+3.1145.6+3.6140.4+3.3143.2+3.5138.5+3.9141.7+3.7134.6+3.4 34+35136.8+2.8137.0+1.0138.7+3.4141.8+2.3144.1+3.3142.6+1.5143.7+3.7139.0+1.0 pvalueNS28+29<0.0528+29C0.00128+29<0.00128+29<0.05 30+31<0.0130+3K0.00130+3K0.00132+33<0.001 32+33<0.05

Table2.9:COMPARISONOFPLASMASODIUMVALUESININFANTSRECEIVING'REGULARCOCKTAIL'OR'LOWSODIUM COCKTAIL'DURINGTHEFIRSTFIVEDAYSOFLIFE
Plasmasodium(mmol/1)isexpressedasthemeanvalue+1SD. Reg='RegularCocktail':Low='LowSodiumCocktail' Wheninfantsofsimilargestationalandpostnatalagesinfusedwitheither'RegularCocktail'or'Low SodiumCocktail'werecompareditwasnotedthatmeanplasmasodiumvalueswerelowerfromthesecond tothefourthpostnataldayininfantsof28to31weeksgestationwhoreceived'LowSodium Cocktai1'.
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FIGURE 2.4: PEAK PLASMA SODIUM VALUES IN INFANTS RECEIVING 'REGULAR
COCKTAIL' OR 'LOW SODIUM COCKTAIL' DURING THE FIRST WEEK
OF LIFE

Refer to Table 2.2 for the number of infants in each gestational age
group

In infants of 26 to 33 weeks gestation the peak plasma sodium
value was significantly lower during the infusion of 'Low Sodium
Cocktail' compared with the value achieved during 'Regular Cocktail
infusion.
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'Regular Cocktail1 and this trend continued over the first five days of

life (Table 2.10). The mean daily intake of sodium was significantly

lower in all infants receiving 'Low Sodium Cocktail' compared with

those receiving 'Regular Cocktail1 on day 1 and 2 and tended to remain

lower over the subsequent two postnatal days (Table 2.11). As the

plasma sodium fell in infants who received 'Low Sodium Cocktail' during

the initial days of intravenous fluids, 'Regular Cocktail' was

substituted (Figure 2.5). The mean day of transfer from 'Low Sodium

Cocktail' to 'Regular Cocktail1 was 5.6±1.8 days for all infants and no

significant differences with gestational age were noted in the timing

of the transition.

STUDY 2

SEQUENTIAL PLASMA SODIUM VALUES IN INFANTS ENTERALLY FED FROM BIRTH

Sequential plasma sodium values were monitored for a period of 7.7±2.2

weeks (range 5 to 13 weeks) postnatally in a group of 21 infants

enterally fed from birth. The mean birth weight of this group was

1.31±0.15kg and the mean gestational age at birth was 30.1±1.7 weeks.

The mean plasma sodium value rose from 137.0±2.8mmol/I on the first

postnatal day to 140.0±5.8rnmol/I on day 3 (p<0.05) but had fallen

significantly (p<0.001) below the day 1 value by day 7 to

131.2±5.9mmol/l. Thereafter the mean plasma sodium value remained

significantly below the day 1 value until the sixth postnatal week

(Table 2.12). In this group of infants the minimum plasma sodium

value of 125.4±4.4mmol/I was reached on day 9.0±4.4 at a postconceptual

age of 31.4±1.8 weeks (Table 2.13). Of these 21 infants 20 had a



Gestation (weeks)1 RegLow

Postn 2

RegLow

ata1Age 3 RegLow

(days)
4

RegLow

5

RegLew

26+27

51.6±22.073.3±26.7
105.3+29.1122.3+32.8
155.4+44.6193.4+37.7
163.9+47.6236.1+38.6
200.8+65.1-

28+29

51.0±13.359.8±21.0
82.2+23.4106.2+47.7
123.5+35.1151.6+46.0
162.8+44.9167.0+37.6
176.9+47.3212.0+46.5

30+31

54.8±13.156.9±21.1
79.5+22.9110.9+26.7
120.1+38.9160.1+32.1
137.0+38.1168.7+35.6
147.6+26.9204.5+13.1

32+33

53.4±8.167.6±14.3
73.1+17.6115.1+21.4
104.3+25.8161.0+33.0
120.9+30.1171.2+26.2
140.0+33.7121.0+48.4

34+35

48.0±13.778.1+22.5
68.7+14.1102.9+25.9
100.3+23.9143.8+36.8
124.2+26.1-

142.6+36.6-

pvalue

32+33<0.001

28+29C0.05

30+31<0.01

26+27<0.05

30+31<0.001

34+35<0.001

30+31<0.001

32+33<0.001

32+33<0.01

32+33<0.05

32+33<0.001

34+35<0.01

34+35<0.001

Table2.10:COMPARISONOFDAILYFLUIDINTAKEININFANTSRECEIVING'REGULARCOCKTAIL'OR'LOWSODIUM COCKTAIL'DURINGTHEFIRSTFIVEDAYSOFLIFE
Fluidintake(ml/kg/day)isexpressedasthemeanvalue±1SD. Reg='RegularCocktail':Low='LowSodiumCocktail' Wheninfantsofsimilargestationalandpostnatalagesinfusedwitheither'RegularCocktail'or'Low SodiumCocktail'werecomparedsignificantlyhigherfluidintakeswerenotedinthoseinfantswho received'LowSodiumCocktail'duringthefirstfivepostnataldays.
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1

2
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4
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Reg

Low

Reg

Low

Reg

Low

Reg

Low

Reg

26+27

4.1±2.0
1.7+0.6

5.5+2.5
2.9+0.9

7.0+4.1
4.0+1.5

7.9+4.9
5.6+1.1

8.8+4.4

28+29

3.7±2.1
1.4+0.7

4.5+1.7
2.4+1.2

6.7+2.5
3.8+1.5

8.2+2.7
4.2+1.8

8.9+3.4

30+31

4.2±1.3
1.7+0.9

4.2+1.4
2.4+0.7

6.3+2.5
3.4+1.0

7.1+2.1
3.9+0.9

7.2+1.5

32+33

4.2+1.8
1.5+0.4

4.4+1.1
2.8+0.7

5.5+1.6
3.7+0.6

6.5+1.6
3.8+1.2

7.3+1.7

34+35

3.5+1.4
1.6+0.5

3.9+0.9
2.3+0.7

5.3+1.3
2.9+0.6

6.4+1.9

7.1+1.6
Low 6.2±2.6 4.7±0.7 4.9±1.6

pvalue

26+27<0.05 28+29<0.01 30+3K0.001 32+33<0.001 34+35<0.05

26+27<0.05 28+29<0.001 30v31<0.001 32+33<0.001 34+35<0.001

28v29<0.01 30+3K0.001 32+33<0.05 34+35<0.01

28v29<0.001 30+3K0.001 32+33<0.01

30+3K0.01 32+33<0.05

Table2.11:COMPARISONOFDAILYSODIUMINTAKEININFANTSRECEIVING'REGULARCOCKTAIL1OR'LOWSODIUM COCKTAIL'DURINGTHEFIRSTFIVEDAYSOFLIFE
Dailysodiumintake(mmol/kg/day)isexpressedasthemeanvalue±1SD. Reg='RegularCocktail':Low='LowSodiumCocktail' Wheninfantsofsimilargestationalandpostnatalageswerecomparedthemeandailysodiumintakeofthose infantsreceiving'LowSodiumCocktail'waslowerthanthatofthosereceiving'RegularCocktail'during thisinitialpostnatalperiod.
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FIGURE 2.5: SEQUENTIAL
LOW SODIUM COCKTAIL' FOLLOWED BY 'REGULAR COCKTAIL

The values illustrated are for infants of 30+31 weeks gestation.
Refer to Table 2.6 for the number of infants studied on each postnatal
day. The asterisk denotes the time of transfer from 'Low Sodium
Cocktail' to 'Regular Cocktai1'.

Following the initial postnatal rise in plasma sodium values the
mean plasma sodium value fell to around 130mmol/l prior to
commencement of 'Regular Cocktail'.

the



Postnatal
week

Enteral Parenteral

3 134.4±2.6 135.3±2.8
(18) (12)

4 134.4±3.2 135.6±4.3
(18) (ID

5 134.7±2.7 136.2±2.3
(18) (12)

6 136.5±2.4 136.4±2.8
(15) (ID

7 136.4±2.4 135.9±1.9
(ID (7)

8 135.7±2.4 134.8±2.6
(8) (5)

9 136.2±1.1 134.7±1.1
(4) (3)

TABLE 2.12: COMPARISON OF SEQUENTIAL PLASMA SODIUM VALUES IN ENTERALLY
FED INFANTS MHO WERE INITIALLY FED PARENTERALLY OR ENTERALLY

Plasma sodium values (mmol/1) are expressed as means ±1SD. The numbers
in parenthesis refer to the number of infants studied during each
postnatal week.

In infants who were studied after the establishment of enteral
nutrition, no significant differences in the mean plasma sodium values
were noted between those infants who were initially fed enterally or
parenterally.



Enteral Parenteral p value

Number of infants 21 15

Gestation (weeks) 30.1±1.7 30.5±1.6 NS

Minimum plasma sodium
value (mmol/1) 125.4±4.4 128.2±4.0 NS
(range) (115-131) (122-133)

Timing of minimum plasma
sodium value (days) 9.0±4.4 13.0±6.9 <0.05
(range) (3-18) (5-28)

Number receiving
sodium supplements 20 10

Duration of supple¬
mentation (days) 21.2±12.3 18.6±12.2 NS
(range) (4-48) (5-42)

Onset of supple¬
mentation (days) 9.0±4.9 14.5±7.1 <0.05

Completion of supple¬
mentation (days) 29.6±13.0 31.6±12.1 NS

TABLE 2.13: COMPARISON OF MINIMUM PLASMA SODIUM VALUES AND REQUIREMENTS
FOR SODIUM SUPPLEMENTATION IN INFANTS ENTERALLY FED FROM
BIRTH AND THOSE INITIALLY FED PARENTERALLY

The values are expressed as means ±1SD.

The minimum plasma sodium value was recorded earlier and sodium
supplementation was commenced sooner in infants who were enterally fed
from birth compared with those who received initial parenteral
nutrition.
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minimum plasma sodium value of 130mmol/l or less and received sodium

supplementation for a period of 21.2±12.3 days. Sodium

supplementation was given from a postnatal age of 9.0±4.9 days to

29.6±13.0 days. The postconceptual age of the infants at commencement

of supplementation was 31.4±2.1 weeks and 34.2±1.8 weeks at completion.

The mean daily sodium intake was significantly greater during the

second and third postnatal weeks compared with weeks five to ten (Table

2.14). However there was marked individual variation in sodium intake

particularly during the first four postnatal weeks.

COMPARISON OF ENTERALLY FED AND PARENTERALLY FED INFANTS

The 15 infants who were initially parenterally fed were established on

enteral feeding by 21.0±10.8 days of age. The mean plasma sodium

values in this group of infants after the onset of enteral nutrition

remained stable over the period of the study (4.7±1.7 weeks). From

the third to the ninth postnatal week there were no significant

differences in the mean plasma sodium values in the enterally or

parenterally fed groups (Table 2.12) and similarly during this period

no significant differences in sodium intake were noted between the two

groups (Table 2.15). The minimum plasma sodium value in the

parenteral group was 128.2±4.0mmol/I at 13.0±6.9 days, marginally later

than in the enterally fed group (p<0.05) but there was no difference

between the two groups with respect to the minimum value. In the

parenteral group the minimum plasma sodium value occurred significantly

before the establishment of enteral feeding (p<0.05).

Thirty infants required sodium supplementation, ten infants in the



Postnatal
week

Daily Sodium Intake
(mmol/kg/day)

p value

1 4.3±2.4 week lv 2C0.001

(21) lv 7<0.05
2 7.2±2.7 lv 8<0.05

(21) lv 9<0.05
3 5.9±3.0 lvl0<0.05

(21)
4 4.3±2.8 week 2v 4<0.01

(21) 2v 5<0.001
5 3.0±2.2 2v 6<0.001

(21) 2v 7<0.001
6 3.0±1.9 2v 8<0.001

(19) 2v 9<0.001
7 2.6±2.0 2vl0<0.001

(13)
8 2.2±1.2 week 3v 5C0.01

(8) 3v 6<0.01
9 1.3±0.1 3v 7<0.01

(6) 3v 8<0.01
10 1.3±0.1 3v 9<0.01

(4) 3vl0<0.01

TABLE 2.14: DAILY SODIUM INTAKE IN INFANTS (<1500g birthweight)
ENTERALLY FED FROM BIRTH

The values are expressed as means ±1SD. The numbers in parenthesis
refer to the number of infants studied in each postnatal week.

The mean daily sodium intake during the second and third postnatal weeks
was significantly higher than that recorded during the remainder of the
study period. Twenty of the 21 infants studied received sodium
supplementation for a mean period of 21.2±12.3 days from 9.0±4.9 to
29.6±13.0 days postnatally.



Postnatal
week Enteral Parenteral p value

1 4.3±2.4 5.8±1.6 <0.05
(21) (15)

2 7.2±2.7 7.6±2.5 NS
(21) (14)

3 5.9±3.0 5.0±3.4 NS
(21) (12)

4 4.3±2.8 4.3±3.6 NS
(21) (ID

5 3.0±2.2 4.1±4.5 NS
(21) (12)

6 3.Oil.9 3.2±4.9 NS

(19) (12)
7 2.6±2.0 4.5±4.9 NS

(13) (12)
8 2.2±1.2 1.6±0.5 NS

(8) (5)

TABLE 2.15: DAILY SODIUM INTAKE (mmol/kq/day) IN INFANTS ENTERALLY FED
FROM BIRTH OR INITIALLY PARENTERALLY WITH THE SUBSEQUENT
INTRODUCTION OF ENTERAL NUTRITION

The values are expressed as means ±1SD. The numbers in parenthesis
refer to the number of infants studied in each postnatal week.

The intake for the parenteral group for the first two weeks comprises
the sum of enteral and parenteral intakes but in subsequent weeks only
those infants who were wholly established on enteral nutrition were
considered. The mean sodium intake of the parenteral group was
marginally greater than that of the enteral group during the first
postnatal week with no significant differences thereafter.
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parenteral group and 20 infants in the enteral group. There was no

difference in the duration of sodium supplementation in the two groups

nor in the postnatal age at which sodium supplementation was

discontinued but the onset of supplementation was earlier in infants

enterally fed from birth (Table 2.13). The requirement for sodium

supplementation varied between individual infants with some requiring

up to 16mmol/kg/day on occasion.
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DISCUSSION

In infants receiving 'Regular Cocktail' the mean plasma sodium value

rose from the initial first day value in all gestational age groups.

The mean plasma sodium values on day 1 were lower than those previously

quoted for cord blood and day 1 samples for healthy preterm (Yu et al,

1965; Sulyok, 1971) and term (Acharya & Payne, 1965; Bengtsson et al,

1970) infants although wide ranges have been noted. The initial

sodium values could have been affected by both maternal and infant

factors. Birth asphyxia is known to be associated with hyponatremia

as a consequence of inappropriate antidiuretic hormone secretion

(Kaplan & Feigin, 1978) and although infants with severe asphyxia were

excluded less marked degrees of asphyxia were probably relatively

common among infants requiring parenteral fluids. In mothers at term,

induction of labour with oxytocin, which was relatively common during

the initial period of the study, could have resulted in maternal

hyponatraemia. Mothers in preterm labour are frequently given

3-adrenergic stimulants, such as ritodrine, in dextrose solution and

this may also result in a lowered maternal plasma sodium which is

transmitted to the foetus (Alstatt, 1965). Therefore the rise in

plasma sodium values during the second and third postnatal days in the

study infants could be partly due to normalisation of previously low

values. In infants enterally fed from birth plasma sodium values have

been shown to increase over the first few postnatal days. Yu et al

(1965) found an increase of 5.0±5.5mmol/I from birth to 48 hours of age

and in another group of infants with a mean gestational age of 32 weeks

plasma sodium was noted to increase from 141.2±4.2mmol/I on day 1 to
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145.0±4.6mmol/l between days 2 and 7 (Sulyok, 1971). An increase in

plasma sodium values over the first three days of life has also been

recorded in preterm infants receiving intravenous fluids (Lorenz et al,

1982). The plasma sodium values achieved in the study group over the

first 72 hours were higher in the less mature infants and Yu et al

(1965) noted a greater value at 48 hours in infants of less than 1500g

birthweight when compared with heavier infants, but in the latter study

the initial cord values also tended to be higher in the smaller

infants. The increase in plasma sodium values over the initial study

period was particularly marked in preterm infants and significant

hypernatraemia with a plasma sodium value of greater than 150mmol/l was

seen not infrequently. Hypernatraemia in infancy has been related to

intracranial haemorrhage (Finberg & Harrison, 1955; Simmons et al,

1974) and one infant in the study group had an intraventricular bleed

which was related in time to hypernatraemia.

Hypernatraemia may develop as a result of excess sodium intake or

inadequate fluid input resulting in a relatively greater deficit of

fluid compared with sodium (Oh, 1976). The parenteral intake of

sodium advocated for term infants is l-3mmol/kg/day (Aperia et al,

1975a; Shenkin & Wretlind, 1978; Grotte et al, 1982) and for very low

birth weight infants 3-4mmol/kg/day (Shaw, 1973; Heird &Driscoll,

1975; James et al, 1979) and during the third and fourth days of life

the intake in all study groups exceeded those limits. In addition the

renal response to an oral sodium load in full term infants is decreased

compared with older children and is out of proportion to the lowered

glomerular filtration rate in infancy (Aperia et al, 1972). In term
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infants sodium excretion which is low between the second and fourth

postnatal days increases slightly to the end of the first postnatal

week and then falls to the previous level (Aperia et al, 1979). In

preterm infants of less than 35 weeks gestation the natriuretic

response to an oral sodium load is significantly higher than that of

full term infants (Aperia et al, 1974). In addition, sodium excretion

in preterm infants is high during the first week of life, possibly as a

result of unresponsiveness to aldosterone (Aperia et al, 1979) and

Engelke et al (1978) noted a negative sodium balance in infants of less

than 30 weeks gestation on the third postnatal day despite a sodium

intake of 7.55mmol/kg/day. Therefore it seems unlikely in infants in

the lower gestational age groups that the increase in plasma sodium

values was due purely to a high intake of sodium. In full term

infants a maximum tolerated oral intake of 12mmol/kg/day sodium has

been calculated (Aperia et al, 1974) and this was not exceeded in the

term infants studied.

It is recognised that infants of lower birthweight require a higher

fluid intake than mature infants (Fanaroff et al, 1972; Wu & Hodgman,

1974; Bell et al, 1980a) and since the mean daily intake of fluid on

the first day of life was similar in all gestational age groups

receiving 'Regular Cocktail' this may have produced more severe fluid

depletion in the preterm groups hence contributing to the increase in

plasma sodium on the following day. During the second and third

postnatal days the mean plasma sodium value was higher in the less

mature infants despite a relatively higher fluid intake but this intake

may still have been inadequate for the very low birth weight infants,



43

particularly as phototherapy and radiant heaters which are known to

increase insensible water loss (Wu & Hodgman, 1974) were used more

frequently in these infants. The normal decrease in extracellular

fluid volume which occurs postnatally (Friis-Hansen, 1961) may also

have contributed to the increase in plasma sodium values.

The increased sodium intake relative to fluid intake on the first

postnatal day in the lower gestational age groups reflects the

increased use of sodium bicarbonate for the correction of acidosis in

these infants. The subsequent higher sodium intake in the less mature

infants is related to the higher fluid intake in these infants. The
\

substitution of dextrose alone for total parenteral nutrition used in

the management of hypernatraemia in infants of lower gestational age

will have lowered the mean sodium intake in these groups.

Hyperglycaemia, which is seen frequently in low birth weight

infants receiving glucose by infusion (Miranda & Dweck, 1977; Cowett et

al, 1979; Lilien et al, 1979), could contribute to hypernatraemia by

producing an osmotic diuresis (Driscoll et al, 1972; Peden & Karpel,

1972; Brans, 1977) although in a group of preterm infants exogenous

glucose infusion sufficient to produce glycosuria was associated with

increased sodium excretion but no increased loss of water (Stonestreet

et al, 1980). In infants in the study blood glucose was monitored

regularly by means of Dextrostix and a blood glucose of greater than

130mg/dl treated promptly with insulin and it is unlikely therefore

that significant losses of fluid as a consequence of hyperglycaemia

occurred in these infants.
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By the end of the first postnatal week plasma sodium values in

infants of greater than 31 weeks gestation had returned to within the

normal range but had fallen significantly below the initial value in

infants of lower gestational age. In all groups plasma sodium values

had stabilised by the second postnatal week. The more pronounced fall

in the lower gestational age groups despite a higher sodium intake

reflects the increased sodium loss seen in preterm infants (Aperia et

al, 1975a) particularly those who are ill and of less than 30 weeks

gestation (Engelke et al, 1978). Engelke et al (1978) noted a sodium

requirement for positive sodium balance of 9.98mmol/kg/day on day 8 in

infants of less than 30 weeks gestation in comparison to

1.35mmol/kg/day for those of 32 weeks and over. Positive sodium

balance has been noted by two weeks of age in both healthy (Sulyok,

1971) and sick (Engelke et al, 1978) preterm infants. This is

considered to result from decreased fractional sodium excretion with

increased postnatal age associated with increased distal tubular sodium

reabsorption (Sulyok et al, 1979). In term infants studied during the

first two weeks of life positive sodium balance was achieved with a

parenteral solution containing 2mrnol/100ml sodium but a concentration

of 4mrnol/100ml was necessary to achieve this in preterm infants studied

during a similar postnatal period (Aperia et al, 1975a). The

relatively large extracel1ular fluid volume of the preterm infant

(Cassady, 1970) may increase urinary sodium excretion as a consequence

of an increased GFR increasing the delivery of sodium to the renal

tubules (Leake, 1977) and exogenous fluid expansion of the preterm

infant results both in an increase in GFR and in sodium excretion
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(Leake et al, 1976). Increasing the intravenous input of sodium also

results in increased excretion in preterm infants and therefore both

the high fluid intake and the high sodium intake may have exacerbated

urinary sodium losses in infants in the lower gestational age groups.

Many of the study infants had respiratory distress and a reduction in

GFR has been noted in this condition (Guignard et al, 1976) although

other authors have noted no such reduction (Siegel et al, 1973).

Broberger and Aperia (1978) noted a correlation between arterial po2

and glomerular filtration rate (GFR) in infants with respiratory

distress and concluded that any effect on GFR was related to the

severity of the distress. It might be expected that a lowered GFR in

infants with respiratory distress would decrease urinary sodium loss

but a higher sodium excretion was noted in preterm infants with

respiratory distress during the first 48 hours of life when compared

with control infants (Broberger & Aperia, 1978). This increase was

attributed partly to an increase in sodium intake and in GFR in this

group of infants but a possible effect of digoxin was also suggested.

As a result of the initial study it was considered that 'Regular

Cocktail1 provides a satisfactory sodium intake from birth for full

term infants and is a satisfactory component of parenteral nutrition in

all infants from the second postnatal week but that in view of the

significant hypernatraemia which occurred in infants in the lower

gestational age groups that this solution provides an inappropriately

high sodium intake particularly during the first four days after birth.

Possible alternatives to prevent the development of hypernatraemia in

the preterm infant included reducing sodium intake or increasing fluid
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input. However increasing fluid intake with a fixed sodium

concentration solution would automatically increase sodium intake and

in addition predispose to the development of symptomatic persistent

ductus arteriosus (Bell et al, 1980b) and necrotising enterocolitis

(Bell et al, 1979). During the initial study period infants with

hypernatraemia were managed by substituting dextrose solution for total

parenteral nutrition hence decreasing the sodium intake. But this has

the major disadvantage of decreasing calorie and nitrogen intake at a

time when the very low birth weight infant has little in the way of

body stores to cope with such deprivation. Therefore a dextrose

electrolyte solution with a lower sodium content was produced for use

in infants of less than 35 weeks gestation to determine whether this

would prevent the development of hypernatraemia in these infants and in

addition allow the continuing use of Vamin Glucose as a component of

parenteral nutrition.

The introduction of 'Low Sodium Cocktail1 resulted in a significant

lowering of plasma sodium from the second to the fourth postnatal day

in infants of 28 to 31 weeks gestation and the peak value achieved was

lower in infants of less than 34 weeks gestation when compared to those

receiving 'Regular Cocktail'. Although the mean plasma sodium values

during this initial period were also lower in infants of 26 to 27 weeks

gestation who received 'Low Sodium Cocktail' the results did not reach

statistical significance as the number in this group was small and the

range of values was wide. It was not planned to alter the fluid

regimen when 'Low Sodium Cocktail' was introduced but a liberalisation

of fluid policy obviously occurred as the fluid intakes over the
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initial postnatal period were significantly higher in the infants who

received 'Low Sodium Cocktail1. Therefore the lower plasma sodium

values in this group may not be entirely due to the decreased sodium

intake as increased fluid volume results in expansion of the

extracel 1 ular fluid volume and consequent increased sodium excretion

(Leake, 1977). But sodium intake was significantly lower during the

first few postnatal days in infants who received 'Low Sodium Cocktail'

despite the significantly higher fluid intake although the reduction in

sodium intake was less evident in the lowest gestational age groups.

In the absence of balance studies it is not possible to assess the

relative contributions of increased fluid intake and reduced sodium

intake in the lowering of plasma sodium levels in the study infants.

In infants who received 'Low Sodium Cocktail' plasma sodium values were

declining by the fifth postnatal day and therefore 'Regular Cocktail'

was substituted. The mean time of transition was 5.6 days but this

transfer should probably occur earlier in less mature infants in order

to avoid a marked dip in plasma sodium towards the end of the first

postnatal week.

Hyponatraemia, which is known to be common in healthy enterally fed

infants of less than 1500g birth weight (Day et al, 1976; Roy et al,

1976), developed in the majority of infants during the second study.

The minimum plasma sodium was achieved in the enterally fed group at

nine days of age, the sodium intake prior to that time being below that

required for positive sodium balance (Engelke et al, 1978). The

higher sodium intake in the parenterally fed infants during the first

postnatal week probably accounts for the slight delay in reaching the
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minimum value in this group. In a sequential study of preterm infants

fed unsupplemented breast milk the mean plasma sodium value was noted

to decline significantly over the first six postnatal weeks from

137mmol/l to 131mmol/l (Sulyok et al, 1979). This progressive fall

was not seen in the group studied but the majority of infants received

sodium supplementation. The period during which sodium

supplementation was required to maintain plasma sodium values above

130mmol/l corresponds to that previously described (Day et al, 1976;

Roy et al, 1976). The major source of sodium loss in preterm infants

is in the urine (Day et al, 1976; Roy et al, 1976) and the timing of

sodium supplementation is in keeping with maturation of renal sodium

handling. Fractional sodium excretion which is initially high in

preterm infants decreases with increasing postnatal age (Sulyok, 1971;

Sulyok et al, 1979; Ross et al, 1977; Aperia et al, 1979; Aperia et al,

1981) and by three to five weeks postnatal age is as low as that in

full term infants (Aperia et al, 1981). Balance studies in very low

birth weight infants indicate that urinary sodium excretion has fallen

to l-2mmol/kg/day by two to three weeks postnatally (Day et al, 1976;

Roy et al, 1976). Urinary sodium loss in preterm infants may be

increased by drug therapy. Frusemide which is commonly used to treat

cardiac failure associated with persistent ductus arteriosus in preterm

infants results in a significant increase in urinary sodium excretion

with a net loss of 3.6mmol/kg noted over a six hour period following

the intravenous injection of lmg/kg of the drug in infants of 30 weeks

gestation (Ross et al, 1978). Ten of the 16 infants whose daily

sodium intake after the fourth postnatal week exceeded 5mmol/kg/day
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received regular frusemide therapy for the management of cardiac

failure associated with persistent ductus arteriosus. In addition

theophylline which was used routinely for the prevention and treatment

of apnoea of prematurity is known to increase urinary sodium excretion

in the preterm infant (Leake, 1977). It is likely that the frequent

use of both these drugs in the study infants will have increased sodium

requirements. Losses of sodium in faeces and sweat are less

significant than urinary losses. Sweat losses account for

0.4-0.7mmol/kg/day (Cooke et al, 1950) and in infants of less than

1300g birth weight faecal losses of sodium were found to be less than

10% of intake by the end of the fourth postnatal week (Day et al,

1976). Calculations of the required sodium intake for the preterm

infant must take account not only of obligatory losses in urine, stool

and sweat, but also of the needs for growth. Using the standard of

intrauterine accretion, sodium requirements in the group studied would

be of the order of l-1.2mmol/kg/day (Ziegler et al, 1976). Thus in

the absence of excess losses sodium requirements for the very low birth

weight preterm infant would be of the order of 2.5-3.5mmol/kg/day at

least between the second and fifth postnatal weeks. In the enterally

fed infants the mean sodium intake required to maintain a plasma sodium

value of greater than 130mmol/l decreased from 7mmol/kg/day during the

second postnatal week to 3mmol/kg/day by the fifth postnatal week.

The higher sodium requirements during the second and third weeks relate

to the markedly higher urinary excretion of sodium at least during the

second postnatal week (Engelke et al, 1978). Failure to provide an

adequate sodium intake for the preterm infant not only results in



50

hyponatremia but may also have adverse effects on linear growth (Day

et al, 1976) and sodium supplementation which eliminates hyponatraemia

results in a slight acceleration of linear growth in preterm infants

(Chance et al, 1977). As the majority of infants in the study group

received sodium supplementation it was not possible to assess the

effect of untreated hyponatraemia on linear growth in these infants.

Modified milk formulas and pooled mature human milk contain

0.6-1.2mmol/100ml sodium (Department of Health and Social Security,

1980) and thus provide an inadequate sodium intake for the very low

birth weight infant during the first postnatal weeks (Fomon et al,

1977). However milk from mothers who deliver prematurely has a

significantly higher sodium content than mature breast milk, the sodium

concentration decreasing from 2-3mmol/I00ml initially to l-2mmol/I00ml

by three to four weeks postnatally (Gross et al, 1981; Koo & Gupta,

1982). When computing the sodium intakes for the study group these

higher values were not taken into account, but few infants received

breast milk for a prolonged period of time. However, breast milk if

given was used predominantly during the first two postnatal weeks and

therefore the actual sodium intake of the infants studied may be higher

than that calculated during this period.
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SUMMARY

A dextrose electrolyte solution containing 5.9mmol/I00ml sodium

provided a satisfactory sodium intake for full term infants whether

used alone or as a component of total parenteral nutrition.

Significant hypernatraemia was frequently encountered in infants of

less than 34 weeks gestational age infused with this sodium

concentration during the first four days of life. The use of a

solution containing 2mmol/100ml sodium in such infants resulted in a

significant lowering of plasma sodium values during this initial

postnatal period and the incidence of hypernatraemia (plasma sodium

value > 150mmol/l) was markedly reduced. In less mature infants who

received 'Low Sodium Cocktail1 plasma sodium declined towards the end

of the first postnatal week at which time sodium requirements appeared

to rise. Therefore the higher concentration sodium solution must be

introduced when the plasma sodium value begins to fall in order to

avoid hyponatremia. 'Regular Cocktail' provides a satisfactory

sodium intake for preterm infants after the initial few postnatal days.

In enterally fed infants of less than 1500g birthweight

hyponatremia (plasma sodium 130mmol/l or less) was common between the

second and fifth postnatal weeks. The intake of at least

3-4mmol/kg/day sodium which was necessary during this period would not

be provided by conventional volumes of pooled mature human milk or

modified artificial formulas. In order to provide an adequate dietary

sodium intake for the preterm infant of less than 1500g birthweight a

formula containing at least 2mmol/100ml sodium is required during the

first postnatal month.
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CHAPTER 3

RICKETS IN THE PRETERM INFANT

INTRODUCTION

The predisposition of the preterm infant to rickets has been recognised

for many years (Von Sydow, 1946; Eek et al, 1957) and recently there

has been an increase in the number of cases reported in the literature

(Keipert, 1970; Lewin et al, 1971; Tulloch, 1974; Glasgow & Thomas,

1977; Hoff et al , 1979; Kulkarni et al , 1980; Callenbach et al, 1981)

particularly among extremely low birth weight infants.

Bone is a composite of hard crystalline matrix and a

microfibrillar matrix into which mineral is incorporated, remodelling

and reorganisation occurring with growth (Harrison & Harrison, 1979a).

There is a continuous balance between bone formation and resorbtion by

osteogenic cells during life (Royer, 1981). Osteoblasts produce bone

matrix for subsequent calcification, osteocytes maintain the integrity

of the matrix and osteoclasts effect bone dissolution by removal of

bone and bone matrix (Royer, 1981). Primary ossification starts at

the beginning of embryonic life and the structure of foetal bone

differs from that present postnatally, there being a high degree of

mineralisation, irregular arrangement of collagen fibres and a large

number of osteocytes (Royer, 1981).

The classical radiological changes of rickets in older children

are rarefaction, cupping and fraying of the epiphyses and loss of the

provisional zone of calcification. The long bones become rarefied
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with a lattice work cortical and medullary bone texture. Periosteal

reactions and fractures through demineralised bone occur and the

epiphyses become osteoporotic with ill-defined margins (Caffey, 1978).

Von Sydow (1946) noted in preterm infants that rarefaction in most

cases preceded the appearance of other radiological features of rickets

such as fraying of the epiphyses with periosteal reactions a late

feature. In preterm infants with rickets diffuse demineral isation of

the skeleton has been noted (Glasgow & Thomas, 1977; Geggel et al,

1978; Cifuentes et al, 1980) particularly involving the ribs and

scapulae (Glasgow & Thomas, 1977) and the association of

demineralisation, cholestasis and recurrent chest infections has also

been observed (Boissiere et al, 1964). Histological changes in the

bones of preterm infants with rickets include many of the features seen

in vitamin D deficiency rickets such as widened costochondral

junctions, deepened disordered cartilage plate, irregular invasion of

the cartilage plate by blood vessels, widened osteoid seams and

disordered remodelling of bone. However, in addition there is reduced

osteoblastic activity and marked osteoporosis (Oppenheimer & Snodgrass,

1980).

In the neonate optimal bone mineralisation and growth is dependent

on the availability of calcium, phosphate and probably magnesium and on

appropriate interaction of parathyroid hormone, calcitonin and vitamin D.

The foetus derives calcium from the mother by an active transport

mechanism (Tsang et al, 1973) and an adenosine triphosphatase dependent

calcium uptake has been detected in human placenta which it is proposed

may be the mechanism for transport of calcium from mother to foetus
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(Whitsett & Tsang, 1980). In addition to the net calcium retention in

human pregnancy (Heaney & Skillman, 1971) bone mineralisation decreases

in pregnant women (Lamke et al, 1977) suggesting that maternal skeletal

calcium is mobilised to meet the needs of the foetus. Following

delivery the infant must maintain calcium homeostasis. By 48 hours

postnatally serum calcium falls significantly below the cord value

(Hillman et al, 1977) and this fall is more pronounced in premature

infants. However, over the first week of life serum calcium values

rise and there is no difference between term and preterm infants by

seven days of age (Hillman et al, 1977). After birth, in order to

restore a normal serum calcium concentration, it may be necessary for

the infant to increase calcium mobilisation from endogenous stores and

it is possible that in preterm infants endogenous calcium stores may be

deficient resulting in hypocalcaemia (Tsang et al, 1973). Subsequent

calcium retention in the infant depends on the relationship between

dietary intake, intestinal absorption and urinary calcium losses. The

amount of dietary calcium absorbed is determined by the amount ingested

(Shaw, 1976; Barltrop et al, 1977), gestational age at birth (Shaw,

1976) and postnatal age of the infant (Fomon et al, 1963; Barltrop &

Oppe, 1973; Shaw, 1976). In a group of preterm infants sequential

balance studies showed an increase in calcium retention with increasing

postnatal age, calcium balance becoming positive between 25 and 30 days

of age (Barltrop & Oppe, 1973) and similarly, Shaw (1976) observed that

calcium absorption increased markedly in preterm infants after 30 days

of age. In full term infants the percentage of dietary calcium

absorbed is directly related to fat absorption (Widdowson, 1965;
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Southgate et al, 1969; Barnes et al, 1974) but in two studies in

preterm infants no relationship was demonstrated between fat absorption

and calcium absorption (Barltrop & Oppe, 1973; Shaw, 1976). However,

Tantibhedhyangkul and Hashim (1978), in a study of 34 preterm infants,

noted a direct relationship between calcium and fat absorption and

calcium absorption was significantly increased by the administration of

formulas containing 40% and 80% of the fat in the form of medium chain

triglycerides when compared with a standard formula.

Foetal calcium accumulation during the last trimester of pregnancy

is considerable and in the preterm infant rapid postnatal growth from

28-40 weeks demands a considerable calcium input to achieve the

accretion rate which would have occurred in utero (Shaw, 1976). Using

data from foetuses and stillbirths Shaw (1976) has calculated that

calcium accretion increases from 130mg/kg/day (3.3mmol/kg/day) at 28

weeks gestation to 150-155mg/kg/day (3.8-3.9mmol/kg/day) at term.

Despite better absorption of calcium from breast milk compared with

artificial milk formulas (Widdowson, 1965; Southgate et al, 1969; Shaw,

1976), when related to intrauterine accretion rates preterm infants fed

human breast milk have an absolute dietary deficiency of calcium and

although preterm infants fed artificial milk formulas ingest sufficient

they do not absorb enough calcium (Shaw, 1976). Several authors have

emphasised the need for calcium supplementation of the preterm infant

in an attempt to achieve intrauterine accretion rates of calcium (Day

et al, 1975; Steichen et al, 1980a). In a group of preterm infants

who received calcium supplementation with 147mg/kg/day (3.7mmol/kg/day)

increased calcium retention was associated with improved bone
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mineralisation demonstrated radiologically (Day et al, 1975). Using

the technique of photon absorbtiometry it has been shown that in

preterm infants receiving routine formulas providing a calcium intake

of 100-150mg/kg/day (2.5-3.7mmol/kg/day) bone mineral content did not

increase at the intrauterine rate postnatally (Minton et al, 1979) but

supplementation of calcium intake to 250mg/kg/day (6.2mmol/kg/day) led

to improved bone mineralisation (Steichen et al, 1980a) and in the

supplemented group bone mineral content at 38-42 weeks postconceptual

age was not significantly different from that of term infants at birth.

Cord blood phosphate values are higher than maternal values and

phosphate is thought to be actively transported to the foetus against a

concentration gradient in utero (Economou-Mavrou & McCance, 1958;

Khattab & Forfar, 1971). In newborn infants plasma phosphate values

tend to increase over the first few days of life (Jukarainen, 1971;

Tsang et al, 1973) but there is wide variation in individual infants

partly as a result of different feeding regimens (Lealman et al, 1976).

Postnatally phosphorus absorption occurs in proximal ileum and jejunum

through a calcium-sodium dependent active transport system (Harrison &

Harrison, 1979b) and phosphorus absorption is increased by vitamin D

(Deluca, 1976), decreased by a high calcium diet, and appears to be

unrelated to fat absorption (Southgate et al, 1969; Barnes et al,

1974). In full term infants percentage phosphorus absorption is high,

91% in breast fed and 76% in artificially fed infants (Widdowson,

1981a) and the main regulator of phosphate homeostasis is the kidney.

The kidney is the major organ for phosphate excretion, phosphate being

reabsorbed in the proximal tubule under the control of parathyroid



57

hormone mediated by a cyclic AMP dependent mechanism (Chase & Aurbach,

1967). Fractional tubular reabsorption is 90% in preterm infants on

the first day of life (Tsang et al, 1973) and in full term infants

restriction of dietary phosphorus intake by the use of phosphate

binders increases renal tubular reabsorption to 99% (McCrory et al,

1952). Therefore both intestinal absorption and renal conservation of

phosphorus are efficient in the newborn infant.

In cord blood there is no significant difference between term and

preterm serum magnesium concentrations which have risen by 48 hours

postnatally and remain elevated at seven days (Hillman et al, 1977).

In the human, magnesium is absorbed in the small intestine (Graham et

al, 1960; Brannan et al, 1976). Magnesium absorption in the preterm

infant is increased by parathyroid hormone (Tsang et al, 1973) and a

correlation between magnesium absorption and fat absorption has been

noted in both full term (Widdowson, 1965) and preterm

(Tantibhedhyangkul & Hashim, 1978) infants. The dietary intake of

magnesium from both breast milk and cow's milk formulas exceeds the

requirements of the full term infant by several times and as more than

50% of ingested magnesium is absorbed it is unlikely that deficiency

will occur (Widdowson, 1981a). In preterm infants weighing less than

1500g at birth increased magnesium retention and absorption was noted

with increasing postnatal age (Dauncey et al, 1977). Although mean

magnesium absorption over the period of the study was 43% of intake,

retention was only 25% as there was considerable urinary loss of

magnesium. Disturbances of calcium and magnesium metabolism are

frequently related. Hypomagnesaemia results in hypocalcaemia by
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decreasing parathyroid hormone release (Anast et al, 1972), and end

organ responsiveness to parathyroid hormone (Chase et al, 1974),

reducing calcium absorption and decreasing calcium magnesium exchange

in bone (Chase et al, 1974). A blunted parathyroid hormone response

to citrate induced hypocalcaemia has been described in hypomagnesaemic

infants (Dincsoy et al, 1982).

It is considered that foetal parathyroid glands are functional

from early in gestation as parathyroid explants from human foetuses

induce resorption of rat parietal bone when both are cultivated in

vitro (Scothorne, 1964). In the first few days following delivery

parathyroid hormone levels are low in neonates compared with those of

older children and adults (David & Anast, 1974; Root et al, 1976) and

in full term infants values have increased by 48 hours of age (Hi 11 man

et al, 1977). A calcaemic response to parathyroid hormone has been

demonstrated in preterm infants (Tsang et al, 1973) and parathyroid

hormone responsiveness increases with increasing gestational age.

Under the influence of parathyroid hormone bone calcium and phosphate

are mobilised to the extracellular fluid and intestinal absorption of

calcium and phosphate are enhanced (Forfar, 1976).

The major effect of calcitonin in man is to reduce bone resorption

by inhibiting osteoclastic activity (Allgrove et al, 1981) and it is

postulated that calcitonin may play a significant role in the perinatal

mineralisation of bone (Hillman et al, 1977). In addition calcitonin

enhances the renal excretion of calcium and phosphate and results in a

lowering of plasma calcium (Allgrove et al, 1981). In full term and

preterm infants cord calcitonin values are higher than normal adult
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values with preterm values significantly exceeding full term levels

(Hillman et al, 1977). During the first 48 hours of life serum

calcitonin concentration increases two- to three-fold and then declines

over the following few days (Hillman et al, 1977). In the newborn

period calcitonin values which are higher than normal may be important

in protecting against excess bone resorption at a time when this is

likely to occur (Taylor et al, 1975).

Vitamin D acquired from the diet is hydroxylated to

25-hydroxycholecalciferol in the liver and transported to the kidney

for conversion to the presumed final metabolite

1,25-dihydroxycholecalciferol (Deluca, 1976). A decrease in plasma

calcium and phosphate or an increase in parathyroid hormone activity

facilitates the conversion of 25-hydroxycholecalciferol to

1,25-dihydroxycholecalciferol (Tsang et al, 1981) which increases

calcium and phosphorus absorption and mobilises calcium and phosphate

from bone increasing plasma calcium and phosphate levels (Tsang et al,
»

1981). In both term and preterm infants there is a correlation

between maternal and cord blood 25-hydroxycholecalciferol values

(Hillman & Haddad, 1974) but preterm infants are often born to mothers

whose nutritional status and lack of antenatal care predispose them to

lower values (Rosen et al, 1974). In full term infants whose initial

cord values of 25-hydroxycholecalciferol are normal these remain

unchanged at one week but an increase is seen in infants with initially

low values. In contrast, preterm infants fail to increase initially

low values and may not maintain values which are initially normal

(Hillman & Haddad, 1975). Neither supplementation with oral nor
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intravenous vitamin D results in increased 25-hydroxycholecalciferol

values suggesting that impaired absorption of vitamin D is not the

explanation for the low values (Hillman & Haddad, 1975). It has been

considered that conversion of absorbed vitamin D to

25-hydroxycholecalciferol in the liver might be limited by hepatic

immaturity and low values of 25-hydroxycholecalciferol have been noted

in infants with hepatobiliary disorders (Kobayashi et al, 1979). The

theory of maturational delay gained support from the evidence that

despite supplementation with oral or intravenous vitamin D,

25-hydroxycholecalciferol values failed to increase until 38 to 42

weeks postconceptual age (Hillman & Haddad, 1975).

1,25-dihydroxycholecalciferol levels in maternal blood are higher and

cord venous values are lower than adult values but by 24 hours the

latter have reached normal adult levels (Steichen et al, 1980b). It

has been postulated that preterm infants are unable to convert

25-hydroxycholecalciferol to 1,25-dihydroxycholecalciferol but Glorieux

et al (1981), in a controlled study of preterm infants (32-37 weeks

gestational age), noted a three-fold increase in

1,25-dihydroxycholecalciferol values over cord values by five days of

age in infants supplemented with 2100iu vitamin D3/day. No increase

was noted in the unsupplemented control group and the authors concluded

that renal 25-hydroxycholecalciferol la hydroxylase activity is present

in newborn infants and that the rate of production of

1,25-dihydroxycholecalciferol is substrate dependent. In addition,

recent reports indicate that 1,25-dihydroxycholecalciferol values are

elevated in preterm infants with rickets (Chesney et al, 1981; Steichen
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et al, 1981) and perhaps in this situation low

25-hydroxycholecalciferol levels reflect an inability of the immature

liver to increase the production of 25-hydroxycholecalciferol to cope

with increased utilisation (Steichen et al, 1981).

Alkaline phosphatase is known to be involved in the mineralisation

of cartilage and bone although the exact role of the enzyme in

mineralisation is unclear. The involvement in the calcification of

bone is suggested by the increase in alkaline phosphatase activity in

plasma during the period of active bone growth in childhood and

adolescence (Harrison & Harrison, 1979a). Further evidence is

provided by the inborn error of metabolism, hypophosphatasia, in which

the content of alkaline phosphatase in tissues and plasma is reduced

and in which the bones show defects of mineralisation of cartilage and

osteoid (Harrison & Harrison, 1979a). Alkaline phosphatase is derived

from osteoblasts and in rickets there is an elevation of alkaline

phosphatase activity in plasma associated with pro!iteration of bone

osteoblasts (Posen & Doherty, 1981).

The early treatment and detection of rickets may have important

implications in terms of linear growth of the preterm infant as Hillman

et al (1979) noted decreased linear growth over the first year of life

in infants who had low plasma 25-hydroxycholecalciferol values during

the first three months postnatally. In addition, in some preterm

infants with late onset respiratory distress rachitic changes were

considered to be an aetiological factor (Glasgow & Thomas, 1977).

Florid X-ray changes occur late in the course of rickets and although

photonabsorbtiometry can detect early demineralisation (Minton et al,
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1979) this technique is not widely available. Plasma alkaline

phosphatase activity is measured routinely in most biochemical

laboratories and is known to be elevated in children with active

rickets. A study was undertaken to define normal values for alkaline

phosphatase activity in the newborn period and to investigate variation

with gestational age at birth. Subsequently plasma calcium phosphate

and alkaline phosphatase activity were measured sequentially in a group

of infants weighing less than 1500g at birth in order to define

patterns of alkaline phosphatase activity in preterm infants during the

initial postnatal period. In those infants in whom X-rays had been

performed a comparison of radiological and biochemical findings was

undertaken to assess the value of plasma alkaline phosphatase activity

in screening for and monitoring rickets in preterm infants. In view

of the evidence that mineral deficiency may be important in the

development of rickets in the preterm infant, with a normal dietary

intake of calcium being inadequate to allow intrauterine accretion to

be emulated postnatally, a further study was undertaken to assess the

effect of dietary calcium supplementation on the development of rickets

in preterm infants.
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PATIENTS AND METHODS

STUDY 1

To establish a normal range for plasma alkaline phosphatase activity

for infants of different gestational ages, measurements were made on

samples from 349 infants whose gestation ranged from 26 to 40 weeks as

assessed from maternal dates and clinical examination (Dubowitz et al,

1970). Plasma alkaline phosphatase activity was measured by the

method of Morgenstern et al (1965) on samples obtained between five and

ten days postnatally, this timing being chosen as following parturition

the placental isoenzyme disappears from plasma with a half life of

three to four days (Fishman, 1974).

Fifty-one premature infants weighing less than 1500g at birth who

were admitted to the Special Care Unit, S.M.M.P. during the period

October 1978 to October 1980 were studied sequentially. Feeding was

by the enteral or parenteral route. During this initial study period

expressed breast milk, SMA Gold Cap formula and Cow & Gate evaporated

milk ('Regal') were all used in the Unit for enteral nutrition.

Calculations of daily calcium, phosphorus and magnesium intake were

taken from the compositions shown in Appendix I (total parenteral

nutrition) and Appendix II (SMA Gold Cap formula, mature expressed

breast milk and Cow & Gate evaporated milk('Regal')). Plasma calcium,

phosphate and alkaline phosphatase activity were measured weekly during

inpatient stay and subsequently at two to four weekly intervals in

out-patients until the alkaline phosphatase activity fell below 500u/l.

Plasma alkaline phosphatase activity greater than 500u/l was taken as

an indication for isoenzyme studies (Fishman, 1974).
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During the study, 400iu of vitamin D2/day were given to enterally

fed infants and lOOiu/kg/day to parenterally fed infants. When

alkaline phosphatase activity exceeded 500u/l vitamin D2

supplementation was increased to lOOOiu/day. At values above 1000u/l

vitamin D2 was replaced by an oral preparation of

l,a-hydroxycholecalciferol 0.05yg/kg/day. In the event of failure to

respond to the latter 1,25-dihydroxycholecalciferol was prescribed in a

dosage of 0.05yg/kg/day.

Radiological examination was not performed routinely but 42

infants were X-rayed on clinical indications and on completion of the

study all X-rays were assessed independently of clinical and

biochemical data by a paediatric radiologist. Mainly chest X-rays

were analysed but many infants had abdominal X-rays which included the

spine and pelvis on the film, while skull and wrist X-rays were

examined when available. The radiographic features analysed were bone

mineralisation, the degree of bone demineralisation being graded 1-3 in

increasing severity, the presence or absence of metaphyseal change and

periosteal reaction.

STUDY 2

In the subsequent study to assess the effect of calcium supplementation

on the development of rickets in the preterm infant, 36 infants who

were of 32 weeks gestational age or less at birth as judged by maternal

dates and clinical assessment (Dubowitz et al, 1970) were considered.

All were enterally fed from birth with the establishment of full

enteral nutrition by the seventh postnatal day. If necessary,
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intravenous dextrose electrolyte solution was given to maintain fluid

balance during the period when enteral feeding was being established.

Fresh expressed breast milk from the infant's own mother was given if

possible and requirements made up with SMA Gold Cap formula (Wyeth

Laboratories). Eighteen infants acting as controls received

unsupplemented milk and a further 18 infants received milk, breast or

formula, to which had been added 5ml 10% calcium gluconate/lOOml milk.

The unsupplemented breast milk was considered to contain 0.88mmol/100ml

calcium and the unsupplemented formula l.lmmol/100ml calcium

(Department of Health and Social Security, 1980). The figure quoted

is for mature human milk but the calcium content of preterm milk does

not appear to differ significantly from that of mature milk (Atkinson

et al, 1980). The supplemented milk was calculated to provide for SMA

Gold Cap formula 2.1mmol calcium/lOOml milk and for expressed breast

milk 1.9mmol calcium/lOOml milk. The regimen of vitamin D

supplementation used in the 36 infants was identical to that in the

first study. Plasma calcium, phosphate and alkaline phosphatase

activity were measured between day 5 and 10 and then at weekly

intervals during inpatient stay. During the course of this second

study the analysis of alkaline phosphatase activity was undertaken by a

different laboratory from that where the initial analyses were

performed. The method used by this laboratory was the optimised

standard method conforming to the recommendations of the Deutsche

Gesellschaft fur Klinische Chemie using diethanolamine as buffer.

Duplicate analysis of samples was carried out using the two methods and

a conversion factor of 2.3 was obtained following this comparison.
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Therefore results obtained during the second study using the

diethanolamine method were divided by a factor of 2.3. The

biochemical and radiological data from the first study was correlated

statistically by Kendall Rank Correlation - bone mineralisation;

Wilcoxon Rank Sum - metaphyseal change; Fisher's Exact Test -

periosteal reaction. In the second study bone mineralisation in the

calcium supplemented and unsupplemented groups was assessed by Wilcoxon

Rank Sum Test. All other statistical comparisons were undertaken

using Student's t test.



67

RESULTS

STUDY 1

RELATIONSHIP OF PLASMA ALKALINE PHOSPHATASE ACTIVITY TO GESTATIONAL AGE

The variation in plasma alkaline phosphatase activity with gestational

age in 349 infants aged five to ten days is shown in Table 3.1.

Significant differences were noted between term infants and all preterm

groups (p<0.001). The mean plasma alkaline phosphatase activity was

noted to decline from 319.5±142.3u/l at 26+27 weeks to 164.1±67.8u/l at

term (Figure 3.1).

POSTNATAL PLASMA ALKALINE PHOSPHATASE ACTIVITY IN PRETERM INFANTS

Sequential postnatal measurements of plasma alkaline phosphatase

activity demonstrated a rise and fall pattern in many infants (Figure

3.2) and the timing and maximal value varied between infants. The 51

infants studied sequentially were divided into groups on the basis of

the maximal alkaline phosphatase activity reached and in all infants in

whom the plasma alkaline phosphatase activity exceeded 500u/l this

elevation was demonstrated to be of bone origin by isoenzyme studies.

The groups were Group 1: <300u/l (four infants); Group 2: 300-500u/l

(11 infants); Group 3: 501-1000u/l (29 infants); Group 4: >1000u/l

(seven infants). These values were chosen as 300u/l represented the

mean value ±2SD for term infants and 500 u/1 included 2SD above the

mean for all preterm groups (Table 3.1). There was no significant

difference in the time at which plasma alkaline phosphatase activity

first exceeded 500u/l in Group 3 infants (3.9±3.3 weeks) compared to

Group 4 infants (2.1±0.7 weeks) but the duration for which the value



AlkalinePhosphatase Activity Units/litre

Number in Group

Gestation weeks26+27
28+29

30+31

32+3334+35
36

Term

319.5

±142.3

13

26+27

NS

NS

<.02<.001
<.001

<•001

291.8

±86.5

26

28+29

NS

NS<.001
<.001

<.001

281.1

±84.5

46

30+31

NS<.001
<.001

<.001

254.0

±71.8

53

32+33

NS

<.001

<.001

236.3

±61.8

103

34+35

<.01

<.001

207.2

±59.5

48

36

<•001

164.1

±67.8

60

38-41

349

Table3.1:VARIATIONSINPLASMAALKALINEPHOSPHATASEACTIVITYWITHGESTATIONALAGE Plasmaalkalinephosphataseactivityisexpressedasthemeanvalue±1SD.Wheresignificant differenceswerenotedbetweengroupsthepvalueisgiven. Plasmaalkalinephosphataseactivitymeasuredbetweenpostnataldays5and10was significantlyhigherinpreterminfantscomparedwithterminfants.
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Many preterm infants demonstrated an increase-peak-decrease pattern of
alkaline phosphatase activity when studied sequentially over the
postnatal period. Two extreme examples are illustrated here by infant
1, denoted by the circles, and infant 2, denoted by the triangles. As
demonstrated by these two infants, the timing of the peak value was
significantly later and the duration of the elevation more prolonged in
infants with higher peak alkaline phosphatase values.
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exceeded 500u/l was significantly longer in Group 4 infants (17.7±3.6

weeks) compared with Group 3 infants (9.0±5.7 weeks) (p<0.001). The

timing of the peak alkaline phosphatase activity occurred significantly

later in Group 3 compared with Group 2 infants (p<0.001) and in Group 4

compared with Group 2 (p<0.05) (Table 3.2).

CORRELATION OF PLASMA ALKALINE PHOSPHATASE ACTIVITY AND RADIOLOGICAL
BONE CHANGES OF RICKETS

In 42 infants X-rays were available for analysis and the correlation

between biochemical and radiological data is shown in Table 3.3. The

degree of osteoporosis (p<0.001), the presence of metaphyseal change

(p<0.01) and periosteal reaction (p<0.024) were all significantly

related to maximal alkaline phosphatase activity. Demineralisation

was first evident in the ribs and scapulae and the metaphyseal changes

of fraying and expansion were noted mainly in the humeri. All

patients with metaphyseal changes had a peak alkaline phosphatase

activity greater than 750u/l and periosteal reactions were only seen in

those infants whose peak alkaline phosphatase values exceeded 1000u/l.

Changes were evident in the humeri of all infants who had abnormal

wrist X-rays. Maximal alkaline phosphatase activity generally

preceded radiological changes by two to four weeks.

PLASMA CALCIUM AND PLASMA PHOSPHATE VALUES AT THE TIME OF PEAK PLASMA
ALKALINE PHOSPHATASE ACTIVITY

At the time of peak plasma alkaline phosphatase activity the mean

plasma calcium value was only significantly lower in the group with the

highest peak alkaline phosphatase activity, Group 4 compared with Group

2 (p<0.005) and Group 3 (p<0.01) (Table 3.2). However significant



Group

1

2

3

4

Numberofinfants
(4)

(11)

(29)

(7)

pvalue

Peakalkaline phosphatase(u/1)
<300

300-500

501-1000

>1000

Birthweight (kg)

1.41±0.09

1.34±0.13

1.26±0.15

1.13±0.25
2v4 <0.05

Gestation (weeks)

31.3±1.3

32.2±2.0

29.9±2.0

29.9±1.9

2v3 <0.01

Plasmacalcium (mmol/1)

2.33±0.06

2.45±0.15

2.39±0.24

2.02±0.35
2v4 <0.005 3v4 <0.01

Plasmaphosphate2.10±0.322.01±0.321.88±0.341.71±0.37NS(mmol/1) Postnatalage2v4 whenmaximal20±1528±1251±3360±38<0.05 alkalinephos-2v3 phatasereached<0.001(days) Durationof1v4 parenteral7.5±5.87.8±4.129.4±20.535.1±18.4<0.05 nutrition2v3(days)<0.001 Table3.2:CLASSIFICATIONOF51PRETERMINFANTSACCORDINGTOMAXIMALALKALINEPHOSPHATASE VALUERECORDED
Valuesareexpressedasmeans±1SD.Plasmacalciumandphosphatevaluesarethemean valuesrecordedatthetimeofpeakalkalinephosphataseactivity.



Peak alkaline

phosphatase
(u/1)

<300 300-500 501-1000 >1000 p value

Normal
mineralisation 2 8 1 0

?Osteoporosis/
Normal 1 1 1 0 <0.001

Osteoporosis
Grade 1

2
3

0
0
0

1
0
0

7
10
3

0
4
3

Metaphyseal
change 0 0 4 4 <0.01

Periosteal
reaction 0 0 0 2 <0.024

No X-ray 1 1 7 0

Number of infants 4 11 29 7

Table 3.3: CORRELATION BETWEEN PEAK PLASMA ALKALINE PHOSPHATASE VALUE
AND RADIOLOGICAL BONE CHANGES IN PRETERM LOW BIRTH WEIGHT
INFANTS (<15QOg)

A significant correlation was found between the peak plasma alkaline
phosphatase value and the features of osteoporosis, metaphyseal change
and periosteal reaction.
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hypocalcaemia was noted in some infants and at the commencement of the

study one infant presented with a convulsion due to hypocalcaemia with

a plasma calcium value of 1.6mmol/l. Further investigation

demonstrated an elevated alkaline phosphatase value of 1200u/l and

radiological evidence of rickets. This infant also had stridor but in

no infant was late onset respiratory distress thought to be due to

rickets. The mean plasma phosphate at the time of peak alkaline

phosphatase activity fell progressively from Group 1 to Group 4 but the

differences did not reach statistical significance (Table 3.2).

CHARACTERISTICS OF THE INFANTS

Infants with peak alkaline phosphatase activities tended to be of lower

birth weight and gestation but significant differences were only noted

between Group 2 and 4 with respect to birth weight (p<0.05) and between

Groups 2 and 3 with respect to gestation (p<0.01)(Table 3.2).

Pre-eclamptic toxaemia was present in the mothers of 11 infants: three

in Group 2; four in Group 3 and four in Group 4. Hepatic dysfunction

was detected in 14 infants (plasma direct bilirubin value >25ymol/l) of

whom four were in Group 4 and ten in Group 3.

CALCIUM INTAKE

The daily input of calcium expressed in mmol/kg/day body weight was

calculated by summating enteral and parenteral intake. No difference

was noted between groups in the first week of life but between

postnatal weeks 2 and 6 there was a significantly greater intake of

calcium in Group 2 compared with Groups 3 and 4 (Table 3.4). A



Group 1 2 3 4 p value

Postnatal
age (weeks)

1 1.06±0.34 1.41±0.61 1.06±0.33 0.99±0.32 NS

2 2.64±1.36 2.85±1.60 1.46±0.78 1.50±0.46 lv3<0.05
2v3<0.001
2v4<0.05

3 2.39±0.78 4.34±1.49 1.57±0.91 1.24±0.62 2v3<0.001
2v4<0.001

4 3.37±1.78 4.47±1.23 1.74±1.51 1.04±0.72 lv3<0.05
lv4<0.01
2v3<0.001
2v4<0.001

5 4.34±1.32 4.91±1.35 1.76±1.46 1.03±0.74 lv3<0.01
lv4<0.001
2v3<0.001
2v4<0.001

6 4.40±1.72 4.59±1.39 2.0 ±1.49 1.39±0.51 lv4<0.001
2v3<0.001
2v4<0.001

Table 3.4: DAILY CALCIUM INTAKE DURING THE FIRST SIX POSTNATAL WEEKS

Daily calcium intakes (mmol/kg/day) are expressed as mean values ±1SD.
The daily calcium intake for each infant was calculated from the sum of
the enteral and parenteral intakes. Refer to Table 3.2 for the
classification of Groups 1-4.

Mean daily calcium intake was significantly greater in Group 2
infants compared with those in Groups 3 and 4 between the second and
sixth postnatal weeks.
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significantly higher calcium intake was also noted in Group 1 compared

to Groups 3 and 4 in weeks 4 and 5 (Table 3.4)

PHOSPHORUS INTAKE

Phosphorus intake was similarly obtained by summating parenteral and

enteral intake. Mean plasma phosphorus intake was significantly

higher in Group 2 infants compared to Group 3 (p<0.001) and Group 4

(p<0.001) between weeks 2 and 6. The intake in Group 1 infants was

also significantly greater than that of Group 4 infants over this

period (Table 3.5). Group 3 infants had a marginally greater

phosphorus intake in week 1 compared with Group 4 with no significant

differences noted between postnatal weeks 2 and 6.

MAGNESIUM INTAKE

Magnesium intake was obtained by summating enteral and parenteral

intake and expressed as daily intake in mmol/kg/day body weight. Mean

magnesium intake was significantly greater in Group 2 compared with

Groups 3 and 4 during postnatal weeks 1 to 6 (Table 3.6). A

significantly higher magnesium intake was noted in Group 1 infants

compared with those in Groups 3 and 4 during weeks 1 and 2 and weeks 4

to 6 (Table 3.6).

PARENTERAL NUTRITION

Infants in Group 3 were parenterally fed for a significantly longer

period of time than those in Group 2 (p<0.001) but a less significant

difference was noted between Group 4 and Group 1 infants (p<0.05)

(Table 3.2). A group of 19 infants (of whom some were included in



Group 1 2 3 4 p value

Postnatal
age (weeks)

1 1.48±0.47 1.40±0.75 1.23±0.28 1.08±0.22 lv4<0.05
2v4<0.05
3v4<0.01

2 3.02±1.36 2.79±1.89 1.41±0.81 1.31±0.57 lv3<0.01
lv4<0.01
2v3<0.001
2v4<0.001

3 2.43±1.18 4.74±1.73 1.53±0.84 1.39±0.41 lv2<0.05
lv4<0.05
2v3<0.001
2v4<0.001

4 3.50±2.09 4.90±1.48 1.87±1.58 1.21±0.18 lv4<0.05
2v3<0.001
2v4<0.001

5 4.10±2.25 5.25±1.54 1.93±1.57 1.26±0.28 lv3<0.05
lv4<0.001
2v3<0.001
2v4<0.001

6 4.40±2.35 4.91±1.57 2.17±1.60 1.31±0.59 lv3<0.05
lv4<0.01
2v3<0.001
2v4<0.001

Table 3.5: DAILY PHOSPHORUS INTAKE DURING THE FIRST SIX POSTNATAL WEEKS

Daily phosphorus intakes (mmol/kg/day) are expressed as mean values
±1SD. The daily phosphorus intake for each infant was calculated from
the sum of the enteral and parenteral intakes. Refer to Table 3.2 for
the classification of Groups 1-4.

A significantly greater phosphorus intake was noted in Group 2
infants compared with those in Groups 3 and 4 during the first six
postnatal weeks.



Group 1 2 3 4 p value

Postnatal
age (weeks)

1 1.00±0.97 0.40±0.16 0.34±0.06 0.32±0.06 lv2<0.05
lv3<0.001
lv4<0.05
2v3<0.01
2v4<0.01

2 0.98±0.41 0.56±0.30 0.38±0.14 0.41±0.18 lv2<0.05
lv3<0.001
lv4<0.01
2v3<0.001
2v4<0.05

3 0.48±0.19 0.84±0.28 0.40±0.13 0.44±0.11 lv2<0.05
2v3<0.001
2v4<0.001

4 1.17±0.71 0.92±0.24 0.44±0.24 0.37±0.11 lv3<0.001
lv4<0.001
2v3<0.001
2v4<0.001
3v4<0.05

5 0.76±0.36 0.95±0.25 0.44±0.24 0.33±0.10 lv3<0.05
lv4<0.01
2v3<0.001
2v4<0.001

6 0.81±0.38 0.89±0.26 0.47±0.25 0.32±0.11 lv3<0.05
lv4<0.01
2v3<0.001
2v4<0.001

Table 3.6: DAILY MAGNESIUM INTAKE DURING THE FIRST SIX POSTNATAL WEEKS

Daily magnesium intakes (mmol/kg/day) are expressed as mean values ±1SD
The daily magnesium intake for each infant was calculated from the sum
of the enteral and parenteral intakes. Refer to Table 3.2 for the
classification of Groups 1-4.

The mean daily magnesium intake was significantly greater in Group
2 infants compared with those in Groups 3 and 4 during the first six
postnatal weeks.
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this study) with a mean gestational age of 29.3±1.8 weeks who received

parenteral nutrition alone for a period of at least four weeks

demonstrated a significant increase in plasma alkaline phosphatase

activity when compared with infants of the same postconceptual age

(Figure 3.3). In this group the mean plasma alkaline phosphatase

activity had risen above the normal range by the second postnatal week

and remained outwith it for the remainder of the period of parenteral

nutrition.

It was noted in many infants who received parenteral nutrition and

subsequently developed biochemical and radiological rickets that plasma

calcium values were maintained during parenteral nutrition (Figure 3.4)

and that the onset of enteral nutrition was associated with a decrease

in plasma calcium values despite the increase in calcium intake which

occurred at this time (Figure 3.5).

TREATMENT OF RICKETS IN PRETERM INFANTS

In the seven infants with peak alkaline phosphatase activity greater

than 1000u/l who were treated with l,a-hydroxycholecalciferol for a

mean duration of 13 days, six demonstrated a satisfactory response,

exemplified in Figure 3.6, with a fal 1 in mean plasma alkaline

phosphatase activity from 1221.0±125.0u/l (pre-treatment) to

751.0±83.3u/l (post-treatment). This was associated with an increase

in plasma calcium (Figure 3.7). Plasma phosphate initially fell and

then rose to within the normal range. In the seventh patient who had

cholestasis the plasma alkaline phosphatase activity continued to rise

despite the use of l,a-hydroxycholecalciferol but following 21 days
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FIGURE 3.3: SEQUENTIAL PLASMA ALKALINE PHOSPHATASE ACTIVITY IN INFANTS
RECEIVING PROLONGED PARENTERAL NUTRITION

Plasma alkaline phosphatase activity was monitored in 19 preterm
infants (mean gestation 29.3±1.8 weeks) who were fed exclusively
parenterally for a period of at least four weeks. In this group, by
the second postnatal week the mean plasma alkaline phosphatase activity
had risen above the normal range (Table 3.1) for infants of the same
postconceptual age and remained outwith throughout the period of
parenteral nutrition.
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FIGURE 3.4: SEQUENTIAL PLASMA CALCIUM AND PHOSPHATE VALUES DURING
PARENTERAL AND ENTERAL NUTRITION IN A PRETERM INFANT WHO
DEVELOPED RICKETS

This infant developed radiological and biochemical evidence of rickets
during inpatient stay. During the period of parenteral nutrition
plasma calcium remained within the normal range but following the
commencement of enteral nutrition there was a fall in plasma calcium
values despite an increase in calcium intake at this time.
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FIGURE 3.5: SEQUENTIAL PLASMA CALCIUM VALUES AND CALCIUM INTAKE IN A
PRETERM INFANT WITH RICKETS

Plasma calcium values were maintained within the normal range during
total parenteral nutrition (TPN) in this 28 week gestation infant,
despite a daily calcium intake which was inadequate when compared with
intrauterine accretion. Despite an increased calcium intake
associated with the introduction of enteral nutrition plasma calcium
values fell at this time and this fall was associated with an increase
in plasma alkaline phosphatase activity and the development of
radiological rickets.
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FIGURE 3.6: RESPONSE TO TREATMENT WITH 1,q-HYDROXYCHOLECALCIFEROL

In this infant plasma alkaline phosphatase activity continued to
increase despite supplementation with up to lOOOiu vitamin D2/day.
Following the introduction of l,a-hydroxycholecalciferol (la-OHDg) -jn a
dose of 0.05yg/kg/day, plasma alkaline phosphatase activity decreased.
This decrease was associated with an increase in plasma calcium values
to within the normal range and radiological improvement.
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FIGURE 3.7: THE EFFECT OF TREATMENT WITH 1,ct-HYDROXYCHOLECALCIFEROL ON
PLASMA VALUES OF CALCIUM, PHOSPHATE AND ALKALINE
PHOSPHATASE ACTIVITY

Treatment with l,a-hydroxycholecalciferol in this infant was associated
with an increase in plasma calcium values and a decrease in plasma
alkaline phosphatase activity. Following the introduction of
treatment plasma phosphate initially fell and then rose to within the
normal range. After a significant decline in alkaline phosphatase
values had occurred, treatment with Calciferol solution BP was
substituted for l,a-hydroxycholecalciferol. Calcium gluconate therapy
was administered to this infant for the treatment of a hypocalcaemic
convulsion.
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therapy with 1,25-dihydroxycholecalciferol, the plasma alkaline

phosphatase activity fell from 1940u/l to 995u/l (Figure 3.8) and the

fall was associated with radiological evidence of healing rickets.

STUDY 2

The two groups were comparable with respect to gestational age at birth

and the period of study, no significant differences being noted between

the calcium supplemented and unsupplemented groups (Table 3.7).

PLASMA ALKALINE PHOSPHATASE ACTIVITY IN CALCIUM SUPPLEMENTED AND
UNSUPPLEMENTED INFANTS

The mean plasma alkaline phosphatase activity rose postnatally in both

the calcium supplemented and the unsupplemented groups (Figure 3.9;

Table 3.7) and was significantly higher in the unsupplemented group

from the second postnatal week and in the supplemented group from the

third postnatal week when compared to the previously derived normal

values for infants of comparable postconceptual age (Table 3.1). In

the unsupplemented group the difference was significant at p<0.001 from

the second to the seventh postnatal week and in the supplemented group

at p<0.01 during weeks 4 and 6 and p<0.001 during weeks 3,5 and 7.

When the unsupplemented and supplemented groups were compared it was

noted that the mean plasma alkaline phosphatase activity was

significantly lower in the supplemented group from the second to the

seventh postnatal week (Table 3.7). The peak alkaline phosphatase was

significantly greater in the unsupplemented group, 690.9±318.0u/l, when

compared with the calcium supplemented group, 409.2±115.0u/l, (p<0.01).

Although the mean period of study did not differ between the groups the



Vitamin i>2
100 i.u./kg i. v.

vitamin l>2
400 I. U. ORAL

VITAMIN D2
800 I. U. ORAL

1 a- (OH) D3 0. I u g

ORAL

U,25 (diOH) D3 0.2 |
ORAL

UJ

2000

fc
V.

1600

1200

U«
to
<
H
<
2:
a«

a

U4

£; 800
1

<

►J
<

400

0 4

Ui
£
>«
N N

Z
U; Ui
O C
CO CO

Ul
y. y
O 0
CQ G

8 12 16 20 24 28 32 36 4 0 44 48 52 56 60 64 68 72

DAYS OK AGK

FIGURE 3.8: RESPONSE TO TREATMENT WITH 1,25-DIHYDROXYCHOLECALCIFEROL
4

This infant was born at 28 weeks gestation, weighing 1020g. He
required surgical ligation of a persistent ductus arteriosus and
received intermittent positive pressure ventilation for a period of six
weeks. During this period he was parenterally fed predominantly
through peripheral venous lines. He developed significant hepatic
dysfunction with a maximal direct bilirubin value of 110ymol/l and peak
alanine aminotransferase activity of 88u/l. In this infant sequential
•plasma alkaline phosphatase activity demonstrated a progressive upward
trend despite supplementation with up to 800iu vitamin y^e
alkaline phosphatase was demonstrated to be of bone origin by isoenzyme
studies on several occasions. The introduction of
1,a-hydroxycholecalciferol (l,o-(0H)D3) did not prevent a further
increase in plasma alkaline phosphatase activity and only after the
substitution of 1,25-dihydroxycholecalciferol (1,a25-(diOH)D3) did
biochemical and radiological improvement occur.



Number of infants

Unsupplemented
Group

18

Calcium
supplemented p value

Group

18

Gestation (weeks)

Period of study
(weeks)

Postnatal age
(weeks)

31.1+0.9 30.2±1.5 NS

7.Oil.2 6.8±1.1 NS

Plasma alkaline phosphatase activity (u/1)

1 301.1±63.6 280.9±69.2 NS

(18) (18)
2 398.9±130.7 285.4±76.4 <0.01

(18) (18)
3 480.9±230.1 324.4±72.5 <0.05

(18) (18)
4 477.8±166.3 312.8±95.4 <0.01

(18) (18)
5 505.9±200.5 318.9±104.9 <0.01

(18) (18)
6 497.9±257.8 325.7±143.8 <0.05

(14) (16)
7 610.9±268.0 369.5±159.0 <0.01

(14) (16)

Peak plasma alkaline
phosphatase activity
(u/1)

Duration plasma alkaline
phosphatase activity
exceeded 2SD (weeks)

690.0±318.0

3.8±2.4

409.2±115.0

1.4±1.6

<0.01

<0.01

Table 3.7: PLASMA ALKALINE PHOSPHATASE ACTIVITY IN CALCIUM SUPPLEMENTED
AND UNSUPPLEMENTED INFANTS

Values are expressed as means ±1SD. The numbers in parenthesis refer
to the number of infants studied in each postnatal week.

Mean plasma alkaline phosphatase activity was significantly higher
in the unsupplemented group compared with the calcium supplemented group
from the second to the seventh postnatal week. The peak alkaline
phosphatase activity was significantly higher in the unsupplemented
group and the plasma alkaline phosphatase activity in this group
exceeded 2SD above the mean value for infants of a comparable
postconceptual age (Table 3.1) for a significantly longer period of
time.
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FIGURE 3.9: SEQUENTIAL WEEKLY PLASMA ALKALINE PHOSPHATASE VALUES IN
CALCIUM SUPPLEMENTED AND UNSUPPLEMENTED INFANTS COMPARED
WITH NORMAL VALUES FOR INFANTS OF THE SAME POSTCONCEPTUAL
AGE

Plasma alkaline phosphatase activity is expressed as the mean value.
The hatched area refers to the normal range of values for infants of
varying gestational age (Table 3.1). Plasma alkaline phosphatase
activity rose postnatally in both calcium supplemented and
unsupplemented infants and was significantly higher than normal by the
second postnatal week in the unsupplemented group. Plasma alkaline
phosphatase activity remained within the normal range for a
significantly longer period of time in the calcium supplemented group
compared with the unsupplemented infants. Refer to Table 3.7 for
statistical significance.
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mean duration for which the plasma alkaline phosphatase activity

exceeded two standard deviations above the normal value for

postconceptual age was significantly greater in the unsupplemented

group when compared with the calcium supplemented group (p<0.01)

(Table 3.7).

DAILY CALCIUM AND PHOSPHORUS INTAKE

The mean daily intake of calcium in mmol/kg/day was significantly

higher throughout the period of the study for calcium supplemented

compared with unsupplemented infants (Table 3.8). The calcium intake

in the supplemented group was greater than the intrauterine accretion

rate of calcium for infants of a comparable postconceptual age in

contrast to infants in the unsupplemented group (Figure 3.10). There

were no differences in mean phosphorus intakes between the two groups

of infants and in both the phosphorus intake fell below the comparable

intrauterine accretion rates (Figure 3.11).

PLASMA CALCIUM, PHOSPHORUS AND MAGNESIUM VALUES

Mean plasma calcium and phosphate values were similar in the two groups

throughout the period of study (Table 3.9). Plasma magnesium was not

monitored routinely in the unsupplemented group and therefore no

comparison is possible but no significant change was noted in the mean

plasma magnesium value in the calcium supplemented group over the

period of study.



Unsupplemented Calcium
Group supplemented

Group
p value

Number of infants 18 18

Postnatal age Calcium intake
(weeks) (mmol/kg/day)

1 1.1±0.4 2.4±0.9
2 1.9±0.5 4.3±0.5
3 2.1±0.3 4.3±0.8
4 2.1±0.3 4.5±0.5 <0.001
5 2.0±0.3 4.4±0.8
6 2.0±0.3 4.5±0.3
7 2.2±0.2 4.6±0.4

Phosphorus intake
(mmol/kg/day)

1 1.3±0.3 1.5±0.3
2 1.7±0.6 1.9±0.4
3 1.9±0.5 2.1±0.4
4 1.9±0.5 2.1±0.4 NS
5 1.9±0.3 2.1±0.5
6 1.9±0.4 2.1±0.4
7 2.0±0.4 2.2±0.2

Table 3.8: DAILY CALCIUM AND PHOSPHORUS INTAKES IN CALCIUM SUPPLEMENTED
AND UNSUPPLEMENTED INFANTS

Daily calcium (mmol/kg/day) and phosphorus (mmol/kg/day) intakes are
expressed as mean values ±1SD.

The daily calcium intake was significantly greater in the calcium
supplemented group compared with the unsupplemented group throughout the
study period. No significant differences were noted in phosphorus
intakes between the two groups.
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FIGURE 3.10: DAILY CALCIUM INTAKE IN CALCIUM SUPPLEMENTED AND
UNSUPPLEMENTED INFANTS COMPARED WITH THE INTRAUTERINE
ACCRETION RATE OF CALCIUM

Calcium intake is expressed as the mean value. Daily calcium intake
(mmol/kg/day) in calcium supplemented and unsupplemented infants was
compared with the intrauterine accretion rate of calcium (mmol/kg/day)
(Shaw, 1976) for infants of the same postconceptual age. The mean
daily calcium intake for the calcium supplemented group exceeded the
requirement for intrauterine accretion from the second postnatal week
but the intake of calcium in the unsupplemented group was inadequate
throughout the study period when compared with this standard.
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FIGURE 3.11: DAILY PHOSPHORUS INTAKE IN CALCIUM SUPPLEMENTED AND
UNSUPPLEMENTED INFANTS COMPARED WITH THE INTRAUTERINE
ACCRETION RATE OF PHOSPHORUS

Phosphorus intake is expressed as the mean value. The unbroken line
represents the intrauterine accretion rate of phosphorus (Ziegler et
al, 1976). The daily phosphorus intake (mmol/kg/day) of both the
calcium supplemented and the unsupplemented groups was below that
required for intrauterine accretion throughout the duration of the
study period.



Plasma calcium Plasma phosphate

US S US S
Number of
infants 18 18 18 18

Postnatal age
(weeks)

1 2.29±0.26 2.27±0.27 1.84±0.46 1.72±0.48
(17) (17) (16) (13)

2 2.35±0.24 2.49±0.18 2.07±0.31 1.90±0.47
(17) (17) (16) (14)

3 2.42±0.14 2.44±0.12 2.12±0.35 1.99±0.44
(17) (17) (16) (13)

4 2.35±0.12 2.36±0.24 1.99±0.26 2.02±0.32
(16) (16) (16) (14)

5 2.39±0.12 2.40±0.14 2.03±0.29 2.20±0.36
(16) (16) (16) (16)

6 2.32±0.16 2.39±1.00 2.01±0.22 2.22±0.40
(15) (17) (11) (15)

7 2.29±0.21 2.44±0.11 2.08±0.37 2.39±0.24
(12) (9) (12) (7)

Table 3.9: PLASMA CALCIUM AND PHOSPHATE VALUES IN CALCIUM SUPPLEMENTED
(S) AND UNSUPPLEMENTED (US) INFANTS

Plasma calcium (mmol/1) and plasma
mean values ±1SD. The numbers in
estimations at each postnatal age.

phosphate (mmol/1) are expressed as
parenthesis refer to the number of

There were no significant differences between the groups with
respect to plasma calcium or phosphate values.
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RADIOLOGICAL FEATURES IN CALCIUM SUPPLEMENTED AND UNSUPPLEMENTED
INFANTS

X-rays were available for analysis in 21 infants. The degree of

osteoporosis was significantly greater in the unsupplemented infants

when compared to the calcium supplemented infants (p<0.01) (Table

3.10). Metaphyseal change was noted only in two infants in the

unsupplemented group, one of whom also demonstrated periosteal

reaction.



Unsupplemented Calcium
Group Supplemented p value

Group

Number of infants 18 18
No X-ray 7 8

Normal Mineralisation 2 8

Osteoporosis/Normal 1 1

?Osteoporosis
Grade 1 3 1 <0.01

2 3 0
3 2 0

Metaphyseal change 2 0 NS

Periosteal Reaction 1 0 NS

Table 3.10: RADIOLOGICAL BONE CHANGES IN CALCIUM SUPPLEMENTED AND
UNSUPPLEMENTED INFANTS

The degree of osteoporosis was significantly greater in infants in the
unsupplemented group compared to those in the calcium supplemented
group.
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DISCUSSION

Variations in plasma alkaline phosphatase activity with gestational age

were found in a group of 349 infants aged five to ten days with a

downward trend between 26 and 40 weeks gestation. Significant

differences were noted between term and preterm infants. This

variation may reflect the measurement of different alkaline phosphatase

activities at different gestational ages, as different activities have

been noted in immature animals compared to those seen in full term

animals (Fishman, 1974). Atypical increase-peak-decrease pattern of

alkaline phosphatase activity was noted in many of the infants studied

and a similar pattern has been reported in preterm infants with and

without clinical and radiological evidence of rickets (Kovar & Mayne,

1981; Kovar et al, 1982). Kovar and Mayne (1981), in a group of five

preterm infants, noted that the peak alkaline phosphatase activity

occurred around the expected date of delivery and suggested that the

peak activity represented a physiological response with increased

osteoblastic activity associated with increased bone mineralisation.

However, in the study patients the peak value of alkaline phosphatase

activity occurred significantly later in infants with more severe

rickets and in a study group of 30 preterm infants (Kovar et al, 1982)

the peak value of alkaline phosphatase activity occurred at a mean time

of 36.8 weeks in nonrachitic infants compared with 41.8 weeks in

infants with clinical rickets. In addition, the duration of elevation

of alkaline phosphatase activity was more prolonged in infants with

higher peak values in accordance with the findings of Kovar et al

(1982).
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The occurrence of rickets in premature infants is well described

in the literature (von Sydow, 1946; Lewin et al, 1971; Tulloch, 1974;

Kulkarni et al, 1980) and the classical features of rickets in children

include rarefaction, cupping and fraying of the metaphyses together

with loss of the provisional zone of calcification (Caffey, 1978).

Periosteal shafts become rarefied with a lattice work cortical and

medullary bone texture and the epiphyses may disappear or develop

porotic margins (Caffey, 1978). In preterm infants a diffuse

demineralisation of the skeleton particularly involving the ribs,

spine, skull and scapula often with superadded fractures has been noted

(Boissiere et al, 1964; Glasgow & Thomas, 1977). In addition, photon

absorbtiometry has demonstrated decreased bone mineral content in

preterm infants when compared to full term infants, even in the absence

of frank radiological evidence of rickets (Minton et al, 1979).

Osteoporosis was a common finding in the study infants and the presence

and severity of osteoporosis correlated well with elevation in plasma

alkaline phosphatase activity. Cleghorn et al (1981) noted a

significant correlation between elevated plasma alkaline phosphatase

activity and the severity of radiological changes in preterm infants

with rickets. Eek et al (1957) however, considered diffuse

osteoporosis to be a normal phenomenon in the preterm infant as in that

study no correlation was found between osteoporosis and biochemical

evidence of rickets, and osteoporosis disappeared without treatment.

Periosteal reactions have been described in both active (Tulloch, 1974)

and healing (Caffey, 1978) rickets but Malmberg (1945) found periosteal

reaction unassociated with rickets in preterm infants. In the group
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studied, periosteal reactions were only noted during the active phase

of rickets in two infants, both of whom had alkaline phosphatase values

of greater than 1000u/l. In all the infants in whom radiological

evidence of rickets was detected changes were present on the chest

X-ray, a feature noted by other authors (Bindstadt & L'Heureux, 1978).

As chest X-rays are often performed on this group of at risk infants

this may obviate the need for further radiology in an attempt to

demonstrate rickets.

Plasma calcium and phosphate values were not good indicators of

rickets in this group of preterm infants, a finding supported by other

authors (Cleghorn et al, 1981). Plasma calcium values can be

particularly misleading in infants who are receiving parenteral

nutrition when normal plasma calcium levels may be artificially

maintained in the face of a body deficit (Bindstadt & L'Heureux, 1978).

The early detection and treatment of rickets may have important

implications for the preterm infant (Hillman et al, 1979) and in

addition, late onset respiratory distress may occur (Glasgow & Thomas,

1977) with consequent prolongation of inpatient stay, although this

problem was not encountered in the study group. Routine radiological

surveillance of all preterm infants at risk of developing rickets is

inappropriate and although measurement of bone mineral content by

photon densitometry can detect early demineralisation (Minton et al,

1979) this is a specialised technique which is not widely available.

Plasma alkaline phosphatase activity is measured routinely in most

biochemical laboratories and in view of the significant correlation

found between radiological features of rickets and alkaline phosphatase
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activity the latter can be used to screen for and monitor rickets in

preterm infants.

Inadequate calcium intake is one of the factors which have been

implicated in the aetiology of rickets in preterm infants. Foetal

calcium accumulation during the last trimester of pregnancy is high

(Shaw, 1976) and preeclampsia which impairs placental calcium transfer

(Khattab & Forfar, 1971) is noted more commonly among mothers of

preterm infants with rickets (Bosley et al, 1980) and preeclampsia was

present in the mothers of four of seven infants with the highest peak

alkaline phosphatase activity (Group 4). Rapid postnatal growth

demands a large calcium intake which is not met by most routine milk

formulas or by human breast milk. In the first study the calcium

intake was significantly lower between weeks 3 and 6 in the groups with

the higher peak alkaline phosphatase levels. The figures are not

strictly comparable as infants in groups 3 and 4 were parenterally fed

for longer and the calcium intake for these groups contains a higher

percentage of intravenous calcium relative to enteral calcium and the

latter would be incompletely absorbed. A calcium intake adequate to

allow accretion at the intrauterine rate (Shaw, 1976) was achieved by

3-4 postnatal weeks in groups 1 and 2, whereas the calcium intake of

groups 3 and 4 was below this level throughout the period of study.

However, if it is assumed that only 30-50% of the dietary calcium was

retained (Shaw, 1976) then the calcium intake in all groups was

inadequate to allow intrauterine calcium accretion to be equalled.

The duration of parenteral nutrition was longer in infants with higher

peak alkaline phosphatase values. The parenteral regimen used during
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the period of the first study provided an intake of 0.7mmol

calcium/lOOml infusate when a central route was utilised. However,

many infants received total parenteral nutrition via a peripheral vein

for a significant period of time. Since supplementary calcium was not

added to the infusate for peripheral administration, the calcium intake

during this time would have been negligible. Following this study

calcium was routinely added to the infusate for peripheral total

parenteral nutrition.

There was a higher incidence of hepatic dysfunction in infants

with higher peak alkaline phosphatase activity. In one study in

preterm infants, a relationship was demonstrated between calcium and

fat absorption (Tantibhedhyangkul & Hashim, 1978). Bile salts are

essential for micelle formation and it has been suggested that micellar

solubilization of calcium could play a part in normal human calcium

absorption (Hofmann, 1965). In infants with cholestasis, bile salt

secretion into the gastrointestinal tract is reduced (Norman &

Strandvik, 1973) and this might further reduce calcium retention in

these infants.

The mean dietary intake of phosphorus was above intrauterine

accretion rates from the second postnatal week in the two groups of

infants with lower peak alkaline phosphatase values in contrast to the

two groups with higher peak values, where the phosphorus intake was

inadequate throughout the first six weeks of the study (Ziegler et al,

1976). In all four groups the magnesium intake was significantly

above the intrauterine accretion rate (Ziegler et al, 1976) throughout

the study. Even if magnesium retention was only 25% of intake
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(Dauncey et al, 1977) the intake in groups 1 and 2 remained adequate,

that of group 3 was satisfactory from the third postnatal week, but in

group 4 infants, the intake was less than adequate or only just

adequate.

Disordered vitamin D metabolism has been implicated in the

development of rickets in preterm infants who seem unable to increase

plasma 25-hydroxycholecalciferol values until 38-42 weeks

postconceptual age despite intravenous supplementation with vitamin D

(Hillman & Haddad, 1975). Therefore impaired hydroxylation of vitamin

D may contribute to the development of rickets and low values of

25-hydroxycholecalciferol have previously been noted in preterm infants

with rickets (Hoff et al, 1979) and in patients with cholestasis

(Kobayashi et al, 1979). In the one infant in the study group who had

severe cholestasis a 25-hydroxycholecalciferol value of 2.1nmol/l

(normal range 10-20nmol/l) was recorded and his rickets did not improve

until treatment with 1,25-dihydroxycholecalciferol was given. It has

been considered that l,a-hydroxylation of 25-hydroxycholecalciferol in

the immature kidney may be impaired and thus contribute to the

development of rickets. In six of the seven infants in whom

l,a-hydroxycholecalciferol therapy was used a decrease in plasma

alkaline phosphatase activity associated with radiological healing was

demonstrated, and Seino et al (1981) have suggested that the

prophylactic use of l,a-hydroxycholecalciferol reduces the incidence of

rickets in infants of less than 38 weeks gestation. However,

production of 1,25-dihydroxycholecalciferol has been demonstrated in

preterm infants of greater than 32 weeks gestational age (Glorieux et
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al, 1981) and high values of 1,25-dihydroxycholecalciferol have been

found in preterm infants with rickets (Chesney et al, 1981; Steichen et

al, 1981). Therefore impaired metabolic activation of vitamin D seems

unlikely to be the cause of rickets in preterm infants. It is

possible that the low values of 25-hydroxycholecalciferol noted in

preterm infants with rickets may represent increased utilisation of

25-hydroxycholecalciferol by conversion to

1,25-dihydroxycholecalciferol in the face of inability of the liver to

increase 25-hydroxylation. Routine initial supplementation in the

infants studied was with 400iu vitamin D. Production of the active

metabolite 1,25-dihydroxycholecalciferol appears to be substrate

dependent (Glorieux et al, 1981) and increased vitamin D

supplementation of preterm infants has been advocated (Mcintosh et al,

1982). However, supplementation with up to 2000iu/day vitamin D2 has

not prevented the development of rickets in some low birth weight

infants (Mcintosh et al, 1982). Copper deficiency can produce similar

radiological features to those described in rickets, with osteoporosis

a prominent finding (Cordano et al, 1964), but in group 4 infants in

whom plasma copper was estimated the values were within the normal

range.

In the second study, plasma alkaline phosphatase activity in both

unsupplemented and calcium supplemented groups rose outwith the normal

range for infants of a comparable postconceptual age. However, the

onset of the rise was later and the duration for which plasma alkaline

phosphatase activity exceeded normal was significantly less in the

calcium supplemented infants compared to the unsupplemented infants.
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In addition, the peak alkaline phosphatase activity was significantly

lower in the calcium supplemented group. Radiological features of

rickets were seen less frequently and were less severe in the calcium

supplemented group. Improved bone mineralisation has been

demonstrated in preterm infants supplemented with calcium (Day et al,

1975) or with calcium and phosphate (Steichen et al, 1980a) indicating

that mineral deficiency is important in the development of bone disease

in preterm infants. Calcium supplementation in the study group

reduced the incidence and severity of rickets but did not prevent its

development in some infants. The calcium intake achieved in the

supplemented group was lower than that in the study of Steichen et al

(1980a) when postnatal bone mineralisation in preterm infants equalled

that achieved in utero. If calcium retention was only 30% for milk

formula and 55% for breast milk (Shaw, 1976) over the study period,

then the intake of calcium even in the supplemented group was still

inadequate to allow intrauterine accretion to be achieved. However, a

high calcium/phosphate ratio, particularly if 2/1 or greater, results

in better calcium retention (Barltrop et al, 1977; Moya and Domenech,

1982) and this ratio was present in calcium supplemented SMA Gold Cap

formula and may have improved calcium retention in infants receiving

this milk. Although phosphate retention is relatively efficient in

the newborn period, the phosphorus intake in both the supplemented and

unsupplemented groups was below that required to emulate the

intrauterine accretion rate. Rickets may result from phosphorus

deficiency (Rowe et al, 1979) and histological changes noted in preterm

infants with rickets resemble those of phosphorus deficiency
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(Oppenheimer & Snodgrass, 1980). Therefore further studies are

necessary to assess the effect of increased calcium supplementation and

of phosphorus supplementation in the prevention of rickets in preterm

infants.
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SUMMARY

Plasma alkaline phosphatase activity was measured in 349 infants aged

between five and ten days, to establish a normal range of values for

infants of varying gestational ages. Significant differences were

observed between term and preterm infants, the highest values being

noted in infants with the shortest lengths of gestation. Plasma

calcium phosphate and alkaline phosphatase activity were measured

sequentially in 51 preterm infants of less than 1500g birthweight. A

significant correlation was found between raised plasma alkaline

phosphatase activity and radiological features of osteoporosis,

metaphyseal change and periosteal reaction. Therefore plasma alkaline

phosphatase activity appears to be of value in screening for and

monitoring rickets of prematurity. Subsequently 36 preterm infants of

less than 1500g birthweight were studied sequentially. Half the

infants received routine calcium supplementation. The incidence and

severity of rickets was lower in the infants who received such

supplementation, as judged by alkaline phosphatase activity and

radiological features.
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CHAPTER 4

PLASMA COPPER, ZINC AND ALBUMIN: VARIATIONS WITH
GESTATIONAL AGE AT BIRTH AND POSTNATAL PATTERNS IN PRETERM INFANTS

INTRODUCTION

Copper is an essential trace element in man because of its presence in

certain metal 1oproteins (Evans, 1973; Odell, 1976b). Copper is an

integral part of cytochrome oxidase which has a vital role in oxidative

metabolism (Evans, 1973) and is a component of ascorbic acid oxidase,

tyrosinase and amine oxidases required for the cross linking of elastin

and collagen (Odell, 1976b). Caeruloplasmin, the copper containing

ferroxidase, oxidises ferrous storage iron to permit transport to bone

marrow (Frieden & Hsieh, 1976).

Copper deficiency was recognised in malnourished infants in 1964

(Cordano et al, 1964) and subsequently has been described in preterm

infants (Al Rashid & Spangler, 1971; Seely et al, 1972; Ashkenazi et

al, 1973; Yuen et al, 1979). The initial features include

neutropenia, a hypochromic anaemia not responsive to iron therapy and

severe osteoporosis. The radiological changes progress to include

enlarged costochondral junctions, rib fractures, metaphyseal cupping

and subperiosteal new bone formation. Other abnormalities described

include apathy, failure to thrive, hypotonia, underpigmented skin and

hair, seborrhoeic dermatitis and hepatosplenomegaly (Hambidge, 1977).

In utero the human foetus acquires copper, accumulating

0.05mg/kg/day between 24 and 36 weeks gestation (Shaw, 1980) and at

term the infant contains 13mg copper, half of which is in the liver
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(Widdowson, 1981b). Much of the foetal hepatic copper is present as a

copper protein complex (Hambidge, 1977). Postnatally copper is

acquired from the diet and following absorption in the upper

gastrointestinal tract copper is transported to the liver where

caeruloplasmin synthesis occurs. The principal route of copper

excretion is in bile (Underwood, 1977a). Copper absorption is

enhanced by dietary protein and inhibited by a high zinc intake, the

inhibition probably resulting from competition for binding sites on

metal 1othionein in the intestinal mucosa (Sandstead, 1982). Although

the copper content of colostrum is relatively high (Hambidge, 1976)

mature human milk is a poor source of copper, containing 30-40yg/dl

(Department of Health & Social Security, 1980) and modified low solute

formulas provide a similar amount. The recommended copper intake for

the full term infant is 60yg/100kcal milk (American Academy of

Pediatrics Committee on Nutrition, 1977). Healthy term infants do not

appear to be at risk of copper deficiency probably because hepatic

stores provide until dietary copper is adequate (Hambidge, 1977). The

preterm infant has increased requirements in order that intrauterine

accretion may be emulated. In addition, copper absorption is impaired

and in a group of breast milk fed preterm infants positive copper

balance was not achieved until 35 days postnatally (Dauncey et al,

1977). In view of these factors, a daily copper intake of

90yg/100kcal milk has been advised for the preterm infant (American

Academy of Pediatrics Committee on Nutrition, 1977). Another group of

infants at risk of copper deficiency are those receiving prolonged

parenteral nutrition and it is recommended that full term infants
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receive 20ug/kg/day copper (Grotte et al, 1982) and preterm infants of

less than 32 weeks gestation 95yg/kg/day (James et al, 1979).

In adults half of the copper in whole blood is in red cells

(Wintrobe et al, 1953), 60% of red cell copper in the form of

erythrocuprein which functions as a superoxide dismutase (Underwood,

1977a). Although the concentration of red cell superoxide dismutase

was noted to be high in foetal red cells and to decrease towards term,

(Bonta et al, 1977) Haga & Kran (1981) found no differences in

superoxide activity (expressed per red blood cell) between preterm

infants, full term infants and adults. Caeruloplasmin accounts for

94% of plasma copper in adults (Gubler et al, 1953) and the remainder

is mainly albumin bound with a small proportion existing in combination

with amino acids (Underwood, 1977a). Maternal serum copper values

increase two fold during pregnancy (Hambidge & Droegmul 1er, 1974) the

increase being predominantly in the copper complexed fraction (Henkin

et al, 1971). Foetal cord blood serum copper values have been

reported to both increase (Canzler et al, 1972) and decrease (Widdowson

et al, 1974) with gestational age. A positive correlation between

copper values and gestational age has been noted in cord blood plasma

(Canzler et al, 1972) and in serum samples obtained seven days

postnatally (Sann et al, 1980). This relationship with gestational

age may result from changes in caeruloplasmin levels as Canzler et al

(1972) noted a positive correlation between serum copper values and

caeruloplasmin concentration in preterm infants.

The total copper concentration in cord blood at term is only 1/3

that of the normal adult concentration and 1/4-1/8 that of maternal
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venous blood (Henkin et al, 1971; Schenker et al, 1972; Bogden et al,

1978). The plasma concentration of copper in the healthy term infant

rises to adult values by three months, exceeds them at nine months

postnatally (Henkin et al, 1973) and thereafter declines from two years

to adult life (Cox, 1966). The initial postnatal increase in total

plasma copper and caeruloplasmin bound copper (Henkin et al, 1973)

occurs concurrently with a decrease in liver copper levels (Bruckmann &

Zondek, 1939). In a study of preterm infants cord blood copper levels

were noted to be lower than those of full term infants and serum copper

levels thereafter rose slowly with no significant increase occurring

until 12 weeks postnatally (Hillman, 1981). A similar postnatal

pattern was noted for caeruloplasmin levels which were significantly

correlated with serum copper values (Hillman, 1981). A four fold

increase in the dietary intake of copper had no significant effect on

serum copper levels over this period (Hillman et al, 1981) and the

authors suggested that the postnatal rise in serum copper values was

the result of a maturational process involving either intestinal

absorption of copper or caeruloplasmin synthesis.

Zinc, an essential trace element in man is a constituent of many

metal 1oenzymes (Riordan & Vallee, 1976) and has important functions in

nucleic acid and protein synthesis (Prasad & Oberleas, 1973; Golden &

Golden, 1981). Therefore zinc is essential for normal growth and

development both pre- and postnatally and intrauterine growth

retardation and foetal malformations result from maternal zinc

deficiency in animals (Hurley & Mutch, 1973) and possibly also in

humans (Hambidge et al, 1975).
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Human zinc deficiency was first identified in malnourished

adolescent boys in the Middle East (Prasad et al, 1963) and symptomatic

zinc deficiency has been described in term and preterm infants treated

with total parenteral nutrition (Arakawa et al, 1976; Sivasubramanian

et al, 1978) and in breast fed preterm infants (Aggett et al, 1980;

Parker et al, 1982). The clinical features of zinc deficiency in

infants include anorexia, growth retardation, eczematous dermatitis

(Aggett & Harries, 1979) and altered behaviour (Sivasubramanian &

Henkin, 1978). Impaired cell mediated immunity has also been noted in

zinc deficient individuals (Golden et al, 1978).

The mechanism by which zinc is transported from mother to foetus

is unknown but at term, cord blood zinc levels exceed maternal values

(Henkin et al, 1971). During human pregnancy there is an increase in

total body zinc which requires a daily retention of 750yg during the

latter half of gestation (Sandstead, 1973). Between 24 and 36 weeks

gestation the human foetus accumulates 0.25mg/kg/day zinc (Shaw, 1979)

and by term the foetus contains 50mg zinc, one quarter of which is in

liver (Widdowson, 1981b) and 40% in bone (Shaw, 1979). The human

neonate does not have zinc stores comparable to those of copper

although a zinc metal 1othionen has been identified in liver and small

intestinal mucosa which may participate in homeostatic regulation of

zinc metabolism and provide a source at times of deprivation (Cherian &

Goyer, 1978). In the young growing animal bone remodelling may

provide a source of zinc (Brown et al, 1978) but in rats there is poor

exchange of zinc from bone, skin and muscle, suggesting that these

sites do not provide an adequate storage depot (Hurley & Swinnerton,
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1971). Postnatally the neonate is dependent on an adequate dietary

intake of zinc. Zinc absorption occurs throughout the small intestine

(Aggett & Harries, 1979), the main site of excretion being in the

faeces (Underwood, 1977b). The zinc content of human milk is variable

(Picciano & Guthrie, 1976) with human colostrum containing up to 2mg/dl

(Berfenstam, 1952). The concentration falls to 0.3mg/dl at one month

(Picciano & Guthrie, 1976) and the concentration in low solute formulas

is similar to that of mature breast milk (Department of Health and

Social Security, 1980). There is a low molecular weight zinc binding

ligand present in human milk (Hurley & Duncan, 1978) but not in cow's

milk (Eckhert et al, 1977) which probably facilitates absorption of

zinc. Balance studies in term and preterm infants indicate that for

variable postnatal periods breast milk fed infants are in negative zinc

balance (Cavell & Widdowson, 1964; Dauncey et al, 1977). Cavell and

Widdowson (1964) reported that at at six to eight days of age term

infants were in negative zinc balance but in two small for gestational

age term infants studied after the tenth postnatal day zinc retention

soon became positive (Dauncey et al, 1977). In preterm infants fed

human breast milk zinc balance did not become positive on average until

the 60th postnatal day (Dauncey et al, 1977), losses being

predominantly faecal. This negative zinc balance results in a

decrease in total body zinc which is reflected in the reduction in bone

zinc content noted in preterm infants postnatally (Mcintosh et al,

1974).

It is recommended that infant formulas should provide 500yg

zinc/lOOkcal (American Academy of Pediatrics Committee on Nutrition,
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1976) and the addition of 40yg/kg/day zinc to parenteral fluids has

been advised to prevent zinc deficiency (Hambidge, 1977). However

James et al (1979) suggested that an intravenous zinc intake of

500yg/day was necessary for the 1kg infant during total parenteral

nutrition.

In adults 75-88% of total blood zinc is in red blood cells, 12-22%

being in plasma and 3% in leucocytes (Underwood, 1977b). 60-70% of

plasma zinc is loosely bound to albumin and 30-40% firmly bound to an

a2-macroglobulin (Underwood, 1977b). Most of the red blood cell zinc

is present in carbonic anhydrase (Hove et al, 1940) and in the newborn

red blood cells contain a quarter of the zinc present in adult red

cells (Berfenstam, 1952) due to the lower red cell carbonic anhydrase

levels present at this age. Maternal zinc levels decrease during

pregnancy (Hambidge & Droegmul1er, 1974) the fall being proportional to

the decline in plasma albumin values (Giroux et al, 1976) and at term

the maternal value is about one half the non pregnant level (Prasad,

1974; Bogden et al, 1978). In term infants cord blood plasma zinc

levels are within the normal adult range (Kurz et al, 1973) decrease

over the subsequent three months (Henkin et al, 1973) and rise to adult

values by one to five years (Kasperek et al, 1977). Although lower

values for plasma zinc have been reported in infancy it is not clear

whether these patterns are normal as dietary zinc supplementation of

full term infants results in higher plasma zinc levels at three to six

months of age (Walravens & Hambidge, 1976), indicating that plasma zinc

can be influenced by dietary intake and therefore the low values
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reported in the first three months of life may represent inadequate

nutrition.

Satisfactory methods for the diagnosis of trace metal deficiency

have yet to be established (Danks, 1981). Measurements of plasma and

serum values have been used but the lack of well defined normal values,

particularly for preterm infants, hinders the assessment of trace metal

status. Assays of specific metalloproteins have been suggested such

as red cell superoxide dismutase for copper and serum alkaline

phosphatase or red cell carbonic anhydrase for zinc (Danks, 1981) but

the concentration of superoxide dismutase may vary with gestational age

(Bonta et al, 1977) and the prevalence of rickets in the preterm infant

(Glass et al, 1982) renders plasma alkaline phosphatase activity an

unsuitable marker. Danks (1981) has proposed that trace metal

deficiency could be evaluated by measurement of an appropriate

metalloprotein before and after administration of a physiological dose

of the metal. However assessment of the trace metal status of the

preterm infant requires a knowledge of the normal variations in plasma

values with gestational age and the postnatal patterns of plasma values

in the preterm infant. This study was undertaken to determine the

effect of gestational age at birth on plasma zinc, copper and albumin

values and to provide normal ranges for preterm infants based on these

measurements. Subsequently the postnatal patterns of plasma copper,

zinc and albumin were studied in preterm infants.
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PATIENTS AND METHODS

To establish normal ranges of values for plasma copper and zinc,

measurements were obtained during the first week of life from infants

whose gestational ages ranged from 26 to 40 weeks as assessed by

maternal dates and clinical assessment (Dubowitz et al, 1970). Plasma

copper values were obtained from 245 infants and plasma zinc values

from 253 infants. Venous or capillary blood samples were obtained

during the 48 hours following delivery and between the fifth and

seventh postnatal days. Following 1:10 dilution with distilled water

the plasma samples were analysed using a Pye Unicam SP191 Absorption

Spectrophotometer, copper being measured at 324.8nm and zinc at

213.9nm. To establish a normal range of plasma albumin values for

infants of varying gestational age samples obtained from 339 infants

during the first 24 hours following delivery were analysed using an IL

Multistat III Analyser.

Fifty seven preterm infants of less than 33 weeks gestational age

who were admitted to the Special Care Unit Simpson Memorial Maternity

Pavilion, between 1980 and 1982 were studied sequentially. Plasma

copper, zinc and albumin were monitored weekly during inpatient stay

and less frequently as outpatients during the first three postnatal

months. All infants were studied for a minimum period of five weeks.

Infants were divided into two groups on the basis of gestational age:

Group A <30 weeks; Group B 30-32 weeks. Sequential values for the two

groups were related to the normal values for infants of a similar

postconceptual age. The infants were fed initially enterally or

parenterally. Daily copper and zinc intakes were calculated from the



94

compositions shown in Appendices I and II for parenteral nutrition,

human milk and milk formulas. Account was also taken of the blood and

blood products administered to those infants. Statistical analysis

was by Student's t test and linear regression analysis.
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RESULTS

VARIATIONS IN PLASMA COPPER VALUES WITH GESTATIONAL AGE DURING THE
FIRST POSTNATAL WEEK

Measurements of plasma copper were obtained from 125 infants during the

48 hours following delivery and from 156 infants between the fifth and

seventh postnatal days (measurements were obtained from 36 infants on

both occasions). The mean 0-2 day plasma copper values for infants of

less than 34 weeks gestational age were significantly lower than those

of term infants (Table 4.1). Infants of 38+39 weeks gestation had a

marginally lower plasma copper value on days 5-7 compared with days 0-2

(p<0.05) but no significant changes were noted in the other gestational

age groups over the first postnatal week. The mean plasma copper

values for infants of less than 32 weeks gestation were still

significantly lower than that of term infants between days 5 and 7

(Table 4.1). The initial plasma copper value (mean ± 1SD) increased

from 47.9±21.0pg/dl in infants of 28+29 weeks gestation to

85.1±31.5pg/dl at 40+41 weeks gestation.

VARIATIONS IN PLASMA COPPER VALUES WITH POSTNATAL AGE IN PRETERM
INFANTS

Sequential plasma copper values were obtained from 57 preterm infants,

20 of less than 30 weeks gestational age (Group A) and 37 of 30-32

weeks gestation (Group B). The mean gestational age of Group A

infants was 28.1±0.8 weeks and of Group B 30.8+0.9 weeks. Infants in

Group A were studied for 10.0+1.9 weeks, marginally longer (p<0.05)

than those in Group B who were followed for 8.5+2.6 weeks. In both

groups plasma copper increased with increasing postnatal age (Figure

4.1) and no significant differences were noted between the groups



Postnatal age
(days)

0-2 5-7

Number of infants 125 156

Gestational age
(weeks)

p values

26+27 49. 3±3.1 51.4±17.5 NS
(3) (7)

28+29 47.9±21.0 57.3±14.3 NS

(15) (9)
30+31 58.4±15.4 60.7±17.9 NS

(22) (25)
32+33 62.7±24.4 66.7±17.5 NS

(25) (16)
34+35 70.1±22.8 71.3±20.7 NS

(16) (15)
36+37 73.9±29.5 81.6+28.2 NS

(20) (12)
38+39 79.5±26.3 62.2+15.9 <0.05

(9) (25)
40+41 85.1±31.5 71.5+19.7 NS

(15) (47)

p value 28v34<0.01 26v34<0.05
28v36<0.01 26v36<0.05
28v38<0.01 26v40<0.05
28v40<0.001 28v34<0.05
30v36<0.05 28v36<0.05
30v38<0.01 28v40<0.05
30v40<0.01 30v34<0.05
32v40<0.05 30v36<0.01

30v40<0.05
36v38<0.05

Table 4.1: VARIATIONS IN PLASMA COPPER VALUES WITH GESTATIONAL AGE
DURING THE FIRST POSTNATAL WEEK

Plasma copper (yg/dl) values are expressed as means ± 1SD. The numbers
in parenthesis refer to the number of infants studied. In the
statistical comparison, for brevity, only the first figure of each
gestational age group is used. The plasma copper values of the infants
in the lower gestational age groups were significantly below those of
more mature infants during the first 48 hours of life and between days 5
and 7. The mean plasma copper value of infants of 38+39 weeks
gestation was marginally lower at 5-7 days compared with 0-2 days.
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FIGURE 4.1: SEQUENTIAL PLASMA COPPER VALUES IN PRETERM INFANTS

Plasma copper values increased over the first three postnatal months in
both Group A and Group B infants and did not differ from those of
infants of comparable postconceptual age. The normal range is derived
from 0-2 day plasma copper values (mean ± 2SD) for infants of varying
gestational age at birth (Table 4.1).
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during comparable postnatal weeks (Table 4.2). In Group A infants the

mean value had risen significantly above the initial value by the third

postnatal week (p<0.05) and in Group B infants plasma copper exceeded

the initial value by the tenth postnatal week (p<0.01)(Table 4.2). In

both groups of infants sequential values tended to follow the normal

increasing pattern with gestational age (Figure 4.1) and when

sequential values were compared with normal values for infants of a

similar postconceptual age (Table 4.1) no significant differences were

noted over the study period.

VARIATIONS IN PLASMA ZINC VALUES WITH GESTATIONAL AGE DURING THE FIRST
POSTNATAL WEEK

Plasma zinc was measured in 127 infants during the first 48 hours

following delivery and in 157 infants between the fifth and seventh

postnatal days (measurements were obtained from 31 infants on both

occasions). Although the day 0-2 plasma zinc value for infants of

26+27 weeks gestational age was significantly greater than that of more

mature infants, no significant differences were noted between other

gestational age groups. Plasma zinc values between days 5 and 7 were

lower than those obtained during the first 48 hours of life in infants

of the 26+27, 34+35, 38+39 and 40+41 weeks gestational age groups.

Day 5-7 values for plasma zinc were significantly higher in infants of

less than 32 weeks gestation when compared with more mature infants

(Table 4.3).



Group A Group B

Number of infants 20 37

Postnatal age

0-2 days 48.0±20.1 63.9±24.6
(8) (28)

5-7 days 57.5±15.8 68.0±24.3
(12) (28)

2 weeks 64.1±17.9 73.8±27.4
(15) (30)

3 weeks 70.0±21.2 72.5±19.4
(19) (30)

4 weeks 68.1±12.9 71.2±20.4
(12) (29)

5 weeks 76.3±23.3 74.5±26.0
(19) (35)

6 weeks 77.9±21.9 77.9±28.6
(16) (24)

7 weeks 79.8±22.5 69.8±25.4
(16) (23)

8 weeks 67.1±24.4 76.4±29.6
(16) (14)

9 weeks 69.0±25.9 66.4±14.2
(16) (10)

10 weeks 81.5±39.6 89.6±27.5
(9) (10)

11 weeks 83.5±18.8 70.0±13.3
(6) (7)

12 weeks 71.2±25.1 84.0±18.9
(5) (4)

13 weeks 88.5±33.2 85.8±32.9
(4) (6)

Table 4.2: VARIATIONS IN PLASMA COPPER VALUES WITH POSTNATAL AGE IN
PRETERM INFANTS

Plasma copper (yg/dl) values are expressed as means ± 1SD. The numbers
in parenthesis refer to the number of infants studied on each occasion.
In both groups the mean plasma copper value increased with increasing
postnatal age but no significant differences were noted between the
groups during comparable postnatal weeks.



Postnatal age
(days)

0-2 5-7

Number of infants 127 157

Gestational age
(weeks)

p values

26+27 175.4±21.6 112.6+14.7 <0.001
(5) (7)

28+29 133.0+20.4 120.4+29.4 NS

(15) (9)
30+31 124.1+33.8 116.0+33.2 NS

(24) (25)
32+33 120.2+37.3 115.2+42.9 NS

(24) (17)
34+35 130.7+25.6 91.5+25.2 <0.001

(15) (14)
36+37 121.3+31.0 112.8+42.0 NS

(19) (13)
38+39 117.1+22.4 92.9+17.0 <0.01

(9) (26)
40+41 123.3+34.6 93.3+25.1 <0.01

(16) (46)

p value 26v28<0.001 26v38<0.01
26v30<0.01 26v40<0.05
26v32<0.01 28v34<0.05
26v34<0.01 28v38<0.01
26v36<0.01 28v40<0.01
26v38<0.001 30v34<0.05
26v40<0.01 30v38<0.01

30v40<0.01

Table 4.3: VARIATIONS IN PLASMA ZINC VALUES WITH GESTATION
THE FIRST POSTNATAL WEEK

Plasma zinc (yg/dl) values are expressed as means ± ISO. The numbers
in parenthesis refer to the number of infants studied on each occasion.
In the statistical comparison, for brevity, only the first figure of
each gestational age group is used. The mean plasma zinc value for
infants of 26+27 weeks gestation during the first 48 hours following
delivery was significantly greater than that of higher gestational age
groups. Plazma zinc values between days 5 and 7 were significantly
lower than day 0-2 values in term infants and those of the 26+27 and
34+35 week gestational age groups. By 5-7 days the mean plasma zinc
values in infants of less than 32 weeks gestation were significantly
higher than those of more mature infants.
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VARIATIONS IN PLASMA ZINC VALUES WITH POSTNATAL AGE IN PRETERM INFANTS

Sequential plasma zinc values were obtained for 20 Group A infants and

37 Group B infants. In both groups plasma zinc values decreased with

increasing postnatal age (Figure 4.2). The mean plasma zinc value for

Group B infants was lower than that of Group A during the fourth and

fifth postnatal weeks but no other significant differences were noted

between the groups during the study period (Table 4.4). The

sequential values were compared with a normal range for plasma zinc

derived from day 0-2 values for infants of varying gestational age at

birth (Table 4.3). When compared with values for infants of a similar

postconceptual age plasma zinc was significantly lower in Group B

infants from the second postnatal week and in Group A infants from the

fifth postnatal week (Table 4.4).

VARIATION IN PLASMA ALBUMIN VALUES WITH GESTATIONAL AGE AT BIRTH

Plasma albumin was measured in 339 infants during the first day

following delivery and a positive correlation was noted with

gestational age at birth (r=0.723, p<0.001). The mean plasma albumin

value (± 1SD) increased from 25.6±4.lg/1 at 26 weeks gestation to

38.1±3.6g/1 at 40 weeks gestation (Table 4.5).

VARIATIONS IN PLASMA ALBUMIN VALUES WITH POSTNATAL AGE IN PRETERM
INFANTS

Plasma albumin values rose significantly over the first postnatal week

in both Group A (p<0.01) and Group B (p<0.001) infants but then fell

and by two weeks postnatally were not significantly different from the

initial levels. The mean plasma albumin value for Group B infants was
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FIGURE 4.2: SEQUENTIAL PLASMA ZINC VALUES IN PRETERM INFANTS

Plasma zinc values decreased postnatally in both groups of preterm
infants and were below those of infants of comparable postconceptual
age from the second postnatal week for Group B infants and from the
fifth postnatal week for Group A. The normal range is derived from
0-2 day plasma zinc values (mean ± 2SD) for infants of varying
gestational age at birth (Table 4.3).



Group A Group B

Number of infants 20 37

Postnatal age p value
(AvB)

0-2 days 139.1±20.6 119.2±39.9 NS
(7) (24)

5-7 days 114.7±26.1 113.4±33.4 NS
(11) (25)

2 weeks 111.8±22.6 97.8±26.4 NS
(13) (31)

3 weeks 113.3±41.6 94.1±31.6 NS
(18) (34)

4 weeks 112.0±36.5 85.6±24.9 <0.01
(15) (31)

5 weeks 98.1±29.2 73.8±29.1 <0.01
(19) (35)

6 weeks 74.0±18.5 70.8±25.2 NS

(17) (27)
7 weeks 89.8±40.6 68.9±28.8 NS

(14) (19)
8 weeks 83.5±32.8 77.5±34.0 NS

(15) (14)
9 weeks 75.8±28.2 56.7±13.7 NS

(13) (9)
10 weeks 66.5±18.2 72.4±26.9 NS

(9) (11)
11 weeks 68.0±18.0 66.6±13.1 NS

(7) (7)
12 weeks 76.7±46.8 46.5±7.2 NS

(4) (4)
13 weeks 83.5±41.0 56.2±15.4 NS

(4) (9)

Table 4.4: VARIATIONS IN PLASMA ZINC LEVELS WITH POSTNATAL AGE IN
PRETERM INFANTS

Plasma zinc (yg/dl) values are expressed as means ± 1SD. The numbers
in parenthesis refer to the number of infants studied on each occasion.
In both groups of infants the mean plasma zinc values decreased with
increasing postnatal age. When compared with day 0-2 values for
infants of a comparable postconceptual age (Table 4.3) the mean value
was lower from the second postnatal week for infants in Group B (p<0.01)
and from the fifth postnatal week for Group A (p<0.01)



Gestational Age Number of Plasma albumin
(weeks) infants (g/1)

26 8 25.6 + 4.1
27 10 28.0 + 2.6
28 23 29.0 + 4.3
29 7 27.6 + 2.6
30 19 27.4 + 2.6
31 20 31.3 + 3.3
32 23 31.1 + 2.8
33 16 31.0 + 3.0
34 22 33.4 + 3.6
35 22 33.7 + 2.9
36 29 35.2 + 4.2
37 13 35.1 + 4.1
38 25 37.3 + 2.4
39 36 36.3 + 3.5
40 43 38.1 + 3.6
41 23 37.9 + 2.7

Table 4.5: VARIATIONS IN PLASMA ALBUMIN VALUES WITH GESTATIONAL AGE AT
BIRTH

Plasma albumin (g/1) values are expressed as means ± 1SD. A
significant correlation was noted between plasma albumin and gestational
age (r=0.723; p<0.001).
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again significantly above the initial value by the third postnatal week

(p<0.05) but in Group A infants plasma albumin did not rise

significantly above the initial value until the ninth postnatal week

(p<0.05). No significant differences were noted between Group A and

Group B infants with respect to plasma albumin values recorded during

comparable postnatal weeks (Table 4.6). In both groups sequential

values followed the normal increasing pattern with gestational age

(Figure 4.3) and no significant differences were noted between Group A

or Group B infants and infants of a similar postconceptual age over the

study period.

COPPER AND ZINC INTAKES IN PRETERM INFANTS

Daily intakes of copper and zinc were calculated from the combined

enteral and parenteral intakes of the infants. In addition, account

was taken of red cell concentrate transfusions and intakes were

calculated from known values for zinc concentration (839.6±46.7pg/dl)

and copper concentration (86.2±5.7pg/dl) based on ten samples analysed.

In both Group A and Group B infants the daily copper intake increased

over the first five postnatal weeks and remained relatively constant

thereafter (Table 4.7). The daily copper intake of Group B infants

was marginally higher (p<0.05) than that of Group A infants during the

sixth postnatal week but no other significant differences were noted

between the groups during the study period. The daily zinc intake of

Group A and B infants also increased over the first five postnatal

weeks and remained relatively stable thereafter (Table 4.8). No



Postnatal aqe Group A Group B

1 day 29.7±5.2 29.3±3.5
(13) (30)

5-7 days 34.2±2.6 33.9±3.3
(17) (31)

2 weeks 31.9±3.2 31.0±3.7
(18) (33)

3 weeks 31.7±3.0 31.4±3.5
(18) (29)

4 weeks 30.4±3.2 31.2±3.8
(17) (27)

5 weeks 30.4±3.4 32.3±3.2
(19) (28)

6 weeks 31.7±3.3 33.5±3.5
(19) (27)

7 weeks 32.0±4.4 33.2±3.2
(18) (16)

8 weeks 32.7±3.9 36.1±4.6

(12) (8)
9 weeks 35.2±4.8 34.8±1.9

(12) (6)
10 weeks 36.9±4.0 39.2±8.6

(11) (4)
11 weeks 39.2±4.3 41•0±3•6

(8) (3)
12 weeks 40.3±5.0 -

(6)

p value

NS

Table 4.6: SEQUENTIAL PLASMA ALBUMIN VALUES IN PRETERM INFANTS DURING
THE POSTNATAL PERIOD

Plasma albumin values (g/dl) are expressed as means ± 1SD. The numbers
in parenthesis refer to the number of estimations. The mean plasma
albumin values at 5-7 days were significantly above the initial values
for both Group A and Group B infants but the 2 week values were not
significantly different from those obtained on day 1. In both groups
plasma albumin increased with increasing postnatal age. No differences
in plasma albumin were noted between the groups during comparable
postnatal weeks.
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FIGURE 4.3: SEQUENTIAL PLASMA ALBUMIN VALUES IN PRETERM INFANTS

Plasma albumin values increased over the first three postnatal months
in both Group A and Group B infants and did not differ from those of
infants of comparable postconceptual age. The normal range is derived
from day 1 plasma albumin values (mean ± 2SD) for infants of varying
gestational age at birth (Table 4.5).



Postnatal week Group A Group B p value

1 40.1±21.0 37.6±22.7 NS
(20) (37)

2 67.1±30.7 68.8±34.9 NS
(20) (37)

3 77.5±27.3 79.7±32.4 NS
(20) (37)

4 83.8+24.2 88.2±27.5 NS

(20) (37)
5 95.4±22.0 89.8±28.4 NS

(19) (35)
6 78.2±23.2 93.1±22.4 <0.05

(19) (29)
7 83.9±21.8 94.3±22.7 NS

(18) (19)
8 93.0±14.9 89.7±14.0 NS

(14) (8)

Table 4.7: DAILY COPPER INTAKES IN PRETERM INFANTS DURING THE
POSTNATAL PERIOD

Daily copper intakes (yg/kg/day) are expressed as means ± 1SD. The
numbers in parenthesis refer to the number of infants studied in each
postnatal week.

In both Group A and Group B infants the mean daily copper intake
increased over the first five postnatal weeks and remained relatively
constant thereafter. The mean daily copper intake of Group B infants
was marginally greater than that of Group A infants during the sixth
postnatal week.



Postnatal week Group A Group B p value

1

2

3

4

5

6

7

8

316.0±175.6
(20)
515.1±255.6
(20)
594.8±216.1
(20)
645.8±200.8
(20)
749.5±175.9
(19)
608.3±195.3
(19)
637.2±185.1
(18)
704.0±115.5
(14)

294.8±167.8
(37)
542.7±275.6
(37)
603.8±259.6
(37)
666.3±237.0
(37)
693.8±230.6
(35)
711.0±220.3
(29)
708.8±190.7
(19)
690.6±104.0
(8)

NS

Table 4.8: DAILY ZINC INTAKES IN PRETERM INFANTS DURING THE POSTNATAL
PERIOD

Daily zinc intakes (pg/kg/day) are expressed as means ± 1SD. The
numbers in parenthesis refer to the number of infants studied in each
postnatal week.

In both Group A and Group B infants the mean daily zinc intake
increased over the first five postnatal weeks and remained relatively
constant thereafter. No significant differences were noted between the
groups during the study period.
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significant differences were noted between the groups during comparable

postnatal weeks.

SEQUENTIAL PLASMA COPPER AND ZINC VALUES IN ENTERALLY AND PARENTERALLY
FED INFANTS

Eight infants in Group A and 19 infants in Group B received total

parenteral nutrition or parenteral supplementation. The duration of

the parenteral nutrition was for Group A infants 18.4±11.4 days (range

6-44) and 21.9±8.9 days (range 12-43) for Group B infants. When the

total number of infants studied (Group A + Group B) were considered

according to the mode of nutrition, no differences in plasma zinc

values were noted between infants who were initially fed parenterally

or enterally. The plasma copper value of parenterally fed infants was

marginally higher (p<0.05) than that of enterally fed infants during

the third and fourth postnatal weeks (Table 4.9). By the fifth

postnatal week the plasma copper value of the infants initially fed

parenterally was below that of the enterally fed infants (p<0.05) with

no significant differences noted between the groups thereafter. The

mean daily copper intake of enterally fed infants was significantly

higher than that of parenterally fed infants during the first three

postnatal weeks with no significant differences noted subsequently

(Table 4.10). Infants who were initially fed parenterally received a

significantly higher volume of red cell concentrate during the first

three postnatal weeks when compared with enterally fed infants

(Table 4.11).



Postnatal
age Enteral

0-2 days 65.4±26.1
(23)

5-7 days 69.7±21.1
(19)

2 weeks 67.0±15.2
(29)

3 weeks 63.6±16.7

(28)
4 weeks 63.3±13.1

(22)
5 weeks 83.4±24.5

(28)
6 weeks 84.7±24.7

(22)

Parenteral p value

58.8±20.0 NS

(13)
62.0±22.4 NS
(21)
70.9±25.5 NS
(16)
78.7±22.4 <0.05
(21)
74.3±18.6 <0.05
(19)
67.5±22.2 <0.05
(26)
69.7±25.4 NS

(18)

Table 4.9: SEQUENTIAL PLASMA COPPER VALUES IN INFANTS INITIALLY FED
ENTERALLY OR PARENTERALLY

Plasma copper values (yg/dl) are expressed as means ± 1SD. The numbers
in parenthesis refer to the number of estimations. The mean plasma
copper value of infants initially fed parenterally was significantly
higher than that of enterally fed infants during the third and fourth
postnatal weeks but by the fifth postnatal week the plasma copper value
of the parenterally fed infants had fallen below that of the enteral
group. No significant differences were noted between the groups after
the fifth postnatal week.



Enteral Parenteral

Number of infants 30 27

Postnatal week p value

1 49.5±17.5 27.0±20.5 <0.001
2 92.5±20.2 42.2±23.2 <0.001
3 94.2±21.9 61.1±29.8 <0.001
4 91.2±25.6 79.5±28.6 NS

Table 4.10: DAILY COPPER INTAKES DURING THE FIRST POSTNATAL MONTH IN
INFANTS INITIALLY FED ENTERALLY OR PARENTERALLY

Daily copper intakes (yg/kg/day) are expressed as means + 1SD. The
mean daily copper intake of the parenterally fed group was lower than
that of the enterally fed group during the first three postnatal weeks
with no significant differences thereafter.

Postnatal week Enteral Parenteral p value

1 3.4 ± 5.8 14.7 ± 15.6 <0.001
2 5.9 ± 7.5 17.7 ± 15.1 <0.001
3 8.2 ± 9.2 18.6 ± 10.2 <0.001
4 6.9 ± 7.4 11.4 ± 11.7 NS

Table 4.11: RED CELL CONCENTRATE TRANSFUSIONS IN INFANTS INITIALLY FED
PARENTERALLY OR ENTERALLY

Volumes of red cell concentrate transfusions (ml/kg/week) are expressed
as mean values ± 1SD. Infants who were initially fed parenterally
received a significantly greater volume of red cell concentrate than
enterally fed infants during the first three postnatal weeks.
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DISCUSSION

A significant correlation was found between gestational age and plasma

copper values during the first postnatal week as has been noted by

other authors (Canzler et al, 1972; Sann et al, 1980) and it is

considered that this relationship results from the caeruloplasmin bound

fraction (Canzler et al, 1972). Plasma copper values recorded at 0-48

hours in the study group were higher than previously recorded cord

blood values for term infants (Henkin et al, 1973; Bogden et al, 1978)

but similar to 48 hour values for preterm infants (Hillman, 1981).

The 5-7 day values were similar to those found previously in term and

preterm serum (Sann et al, 1980). No significant differences were

noted between plasma copper values recorded during the first 48 hours

of life and those at the end of the first postnatal week. An increase

in plasma copper values over the first week of life has been noted

previously in both full term (Henkin et al, 1973) and preterm (Hillman,

1981) infants but most of the increase appears to occur during the 48

hours following delivery.

Sequential plasma copper values increased postnatally in both

Group A and B preterm infants and tended to follow the increasing

pattern with gestational age, no differences being noted during the

period of study between preterm infants and infants of a similar

postconceptual age. A similar pattern has been noted previously in

preterm infants with a marked increase occurring between 39 and 42

weeks postconceptual age (Sann et al, 1980; Hillman, 1981). This

increase in plasma copper values could result from a maturational

process resulting in increased caeruloplasmin binding of copper in
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plasma and caeruloplasmin has been noted to increase postnatally in

preterm infants (Haga & Kran, 1981; Hillman et al, 1981). The

establishment of positive copper balance could also influence plasma

copper values although dietary supplementation of preterm infants does

not result in an increase in plasma copper values (Hillman et al,

1981). In preterm infants copper deficiency could not be induced by

feeding with a copper deficient formula for 7-10 weeks (Wilson & Lahey,

1960) and although positive copper balance is not achieved for some

weeks postnatally in breast milk fed preterm infants (Dauncey et al,

1977) it is likely that plasma copper values are maintained over this

period by mobilisation of hepatic copper stores as a steady decrease in

liver copper content has been noted with increasing postnatal age

(Bruckmann & Zondek, 1939).

In infants who received initial parenteral nutrition plasma copper

values were significantly higher during the third and fourth postnatal

weeks when compared with those infants initially fed enterally.

Although the intake of copper during the first three postnatal weeks

was lower in parenterally fed infants compared with those fed enterally

retention may have been significantly greater in those receiving

parenteral nutrition (Dauncey et al, 1977; James et al, 1979). In

addition the presence of cholestasis in some parenterally fed infants

may have decreased biliary excretion of copper. Alternatively the

higher levels may reflect the increased incidence of infection with

parenteral nutrition as caeruloplasmin is an acute phase reactant and

serum values increase two to three fold in response to infection

(Frieden, 1980). In a few of the infants studied marked fluctuations
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in plasma copper values were noted particularly during the first three

postnatal weeks. The lower plasma copper value in the parenterally

fed group during the fifth postnatal week may have been influenced by

the effect on copper retention of the switch from parenteral to enteral

nutrition which occurred at a mean postnatal age of three weeks.

Following the establishment of enteral nutrition no significant

differences in plasma copper values were noted between infants who were

initially fed enterally or parenterally.

Plasma copper values are considered to be a relatively good

indicator of copper deficiency (Underwood, 1977a). Infants with

symptomatic copper deficiency have had recorded plasma copper values of

12-32yg/dl three to six months postnatally (Al-Rashid & Spangler, 1971;

Seely et al, 1972; Parker et al, 1982) and Manser et al (1980) noted

significant neutropenia in four enterally fed infants with serum copper

values of between 15-23yg/dl. In the preterm infants studied six

Group B infants had values of less than 30yg/dl and a further seven

infants (3 Group A and 4 Group B) had values between 30-35yg/dl. None

had overt signs or symptoms of copper deficiency and in all plasma

copper rose spontaneously within one to two weeks of the lowest

recorded value. It is possible however, in view of the normal time of

presentation of copper deficiency, that the infants were studied for an

insufficient time to exclude copper deficiency. Since the normal

postnatal pattern of plasma copper values in preterm infants appears to

follow that of infants of a similar postconceptual age copper

deficiency should be suspected if values fall below this normal range.
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A significant correlation was noted between plasma albumin and

gestational age at birth as has been noted previously (Gitlin &

Biasucci, 1969). In infants studied sequentially plasma albumin

values rose over the first postnatal week but by two weeks of age had

fallen and did not differ significantly from the initial values. This

rise may reflect the changes in body water distribution which occur in

the initial postnatal period. Plasma albumin increased with

increasing postnatal age in a similar manner to the increase seen with

gestational age at birth. A substantial increase occurred in Group A

infants 9-10 weeks postnatally and in infants of a similar gestational

age Hi 11 man et al (1981) noted that a significant increase in plasma

albumin did not occur until 12 weeks of age.

The day 0-2 plasma zinc values were comparable to those previously

described in preterm infants (Thorp et al, 1981; Vileisis et al, 1981b)

and similar to (Bogden et al, 1978) or higher than (Henkin et al, 1973;

Thorp et al, 1981) cord blood values for term infants. The initial

values in very immature infants were significantly higher than those of

more mature infants. Cord blood zinc values from four to six month

foetuses exceed those of term infants (Berfenstam, 1952) and Thorp et

al (1981) noted that infants of less than 31 weeks gestation had

significantly higher plasma zinc values than more mature infants during

the 48 hours following delivery. It is not clear why less mature

infants have higher initial plasma zinc values. It cannot be related

to protein binding as plasma albumin and a2-macroglobulin increase with

increasing gestational age (Gitlin & Biasucci, 1969). A percentage of

plasma zinc is bound to amino acids (Kay, 1981) and since foetal amino
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acids are highest during the second trimester of pregnancy (Hume et al,

1981) increased amino acid binding could contribute to the higher

values. The variation in plasma zinc with gestational age may relate

to distribution of zinc within blood. It is recognised that red cell

zinc values increase with increasing gestational age and that the

increase is related to the red cell carbonic anhydrase content

(Berfenstam, 1952). It is possible therefore that the whole blood

zinc content does not vary with gestational age during the first

postnatal week but that the distribution between red cells and plasma

does differ. Plasma zinc decreased over the first week of life in

several gestational age groups and Henkin et al (1973) noted a similar

decrease in term infants, the decrease being mainly due to a fall in

diffusible zinc. This decrease may reflect redistribution or loss of

total body zinc as positive zinc balance is not achieved in either term

(Cavell & Widdowson, 1964) or preterm (Dauncey et al, 1977) breast milk

fed infants during the first postnatal week. In infants receiving

parenteral nutrition zinc losses may be increased by amino acid

infusion (Van Rij et al, 1979). Many of the preterm infants studied

were ill initially and it is recognised that plasma zinc values fall

within hours of stress and remain low with chronic stress (Aggett &

Harries, 1979). It is believed that the changes are mediated by a

leucocyte endothelial mediator liberated from polymorphs particularly

during bacterial endotoxaemia (Kay, 1981). Redistribution of zinc

with increased binding to low molecular weight ligands such as amino

acids may underlie the increased excretion seen in response to stress

(Kay, 1981).
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In the two groups of preterm infants studied sequentially a

progressive decline in plasma zinc values was noted during the first

three postnatal months as has previously been described in both full

term (Henkin et al, 1973) and preterm (Shaw, 1979; Sann et al, 1980;

Thorp et al, 1981; Viliesis et al, 1981b) infants. Since 60-70% of

adult plasma zinc is albumin bound (Underwood, 1977b) a decrease in

plasma albumin values over the initial postnatal period could have been

responsible for a fall in plasma zinc values but in the study groups

plasma zinc values decreased during the period when plasma albumin was

increasing. Since the newborn infant has poor zinc stores and is

dependent upon adequate zinc retention, failure to achieve this may

result in a fall in plasma zinc values in addition to a loss of total

body zinc (Mcintosh et al, 1974). There is evidence in full term

infants that plasma zinc values can be influenced by dietary intake

(Walravens & Hambidge, 1976) and Sann et al (1980) attributed the

decrease in plasma zinc values in the postnatal period to a decrease in

zinc intake over this period. 56% of the preterm infants studied

sequentially received some breast milk from their own mother. When

computing dietary intakes of copper and zinc the values used were those

for mature breast milk and since the composition of breast milk varies

markedly between individuals and with time (Hibberd et al, 1982) the

intakes obtained may not be strictly accurate. In addition, the zinc

content of colostrum is high and there is a decrease with the

transition to mature milk (Hibberd et al, 1982) and thus zinc intakes

in the enterally fed infants may have been underestimated during the

first postnatal week. However breast milk comprised greater than 20%
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of intake in only eight infants after two weeks of age and therefore

values for subsequent weeks should be a reasonable reflection of the

true zinc and copper intakes.

Zinc intakes in the preterm groups were similar to that of the

breast milk fed infants studied by Dauncey et al (1977) in whom it was

noted that 45% of dietary zinc would require to be retained in order to

allow intrauterine accretion of zinc to be emulated over the first ten

postnatal weeks. Since positive zinc balance was not demonstrated on

average until 60 days postnatally this retention was not achieved.

The results of zinc balance studies in breast milk fed term and preterm

infants have been reported (Cavell & Widdowson, 1964; Dauncey et al,

1977) but there is a paucity of studies in formula fed infants.

Absorption of zinc from breast milk may be facilitated by a zinc

binding ligand (Hurley & Duncan, 1978) which is not present in cow's

milk and zinc absorption from soya based formulas may be reduced by 20%

(Aggett & Harries, 1979). The majority of preterm infants studied

sequentially were formula fed (SMA Gold Cap) and there is a need for

repeated zinc balance studies to be performed on such infants in

conjunction with plasma zinc estimations. The bioavailability of zinc

may also be affected by metal-metal interactions, particularly with

iron, copper, calcium and phosphate. Most of the infants studied

received dietary calcium supplementation (providing 2mmol calcium/lOOml

milk) which may have reduced zinc absorption (Aggett & Harries, 1979).

It was routine practice during the study period to administer 60mg

ferrous sulphate BP per day (providing 12mg elemental iron) from three

weeks of age to all preterm infants. In addition, SMA Gold Cap



107

formula provides lmg/kg/day elemental iron at a fluid intake of

150ml/kg/day. Since the therapeutic dose of iron required is of the

order of 2-3mg/kg/day (Lundstrom et al, 1977) this excess iron intake

may have further decreased zinc absorption. It might be worthwhile to

assess zinc absorption in formula fed infants receiving a smaller iron

supplement. The daily zinc intake of parenterally fed infants was

lower than that of those who were fed enterally during the first three

postnatal weeks but since retention would be significantly greater in

parenterally fed infants (Dauncey et al, 1977; James et al, 1979) it is

perhaps not surprising that no significant differences in plasma values

were noted between the groups.

Although plasma zinc may not be a good indicator of total body

zinc status, declining plasma zinc values have been associated with

symptomatic zinc deficiency (Kay, 1981). No infants were diagnosed as

having symptomatic zinc deficiency and in infants reported previously

plasma zinc values have been 15-37pg/dl (Arakawa et al, 1976;

Sivasubramanian et al, 1978; Aggett et al, 1980; Thorp et al, 1981;

Parker et al, 1982). In the study group only one infant had a plasma

zinc value of less than 35yg/dl and a further seven (1 Group A, 6 Group

B) had values between 35-40pg/dl. In a group of infants of similar

gestational age Thorp et al (1981) noted a plasma zinc value of less

than 45yg/dl six weeks postnatally in nine of 20 infants only two of

whom developed symptomatic zinc deficiency. Since the onset of

symptoms occurs 2-5 months postnatally (Aggett et al, 1980; Thorp et

al, 1981; Parker et al, 1982) it could be considered that the infants

were studied for too short a time to observe symptomatic zinc
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deficiency although in all infants who had a low recorded value plasma

zinc increased spontaneously during the study period. However values

for the preterm infants studied sequentially fell below those for

infants of a comparable postconceptual age during the third postnatal

month and this may indicate a possible risk of zinc deficiency in these

infants.
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SUMMARY

Variations in plasma copper, zinc and albumin with gestational age were

determined during the first postnatal week. Plasma copper increased

with gestational age at birth. In infants of the same gestational age

plasma copper did not vary over the first postnatal week. Plasma zinc

values during the first 48 hours following delivery were significantly

higher in infants of 26+27 weeks gestation when compared with more

mature infants but there were no differences in infants of between 28

and 41 weeks gestation. Plasma zinc fell over the first postnatal

week in infants of 26+27, 34+35 and 38-41 weeks gestation and by 5-7

days plasma zinc values were significantly higher in infants of less

than 32 weeks gestation when compared with more mature infants. A

positive correlation was noted between gestational age at birth and

plasma albumin.

Sequential measurements of plasma copper, zinc and albumin were

obtained from 57 preterm infants of between 27 and 32 weeks gestation

during the first three postnatal months. These measurements were then

compared with normal values for infants of a similar postconceptual age

derived from values obtained from infants of varying gestational age at

birth. Postnatally in the 57 preterm infants plasma copper and

albumin rose and followed the increasing patterns noted with

gestational age at birth. Plasma zinc decreased over the postnatal

period in these infants and fell below the normal range of values for

infants of a similar postconceptual age. No infant was noted to have

overt signs or symptoms of copper or zinc deficiency during the study

period.
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CHAPTER 5

DETECTION AND MONITORING OF PARENTERAL
NUTRITION-ASSOCIATED HEPATIC DYSFUNCTION

INTRODUCTION

Bile is an aqueous solution containing organic and inorganic compounds,

the organic compounds being conjugated bile acids, bile pigments,

phospholipids and cholesterol. The inorganic fraction is composed of

similar cations to plasma in similar proportions, the anions being

mainly bicarbonate and chloride (Wheeler, 1965). Bile is secreted by

the hepatocyte into the canalicular space, carried along the biliary

tree, concentrated in the gall bladder and discharged into the duodenum

when food ingestion causes cholecystokinin release and consequent gall

bladder contraction.

Bile acids are secreted into bile where they appear in

concentrations much higher than those found in plasma. The secretion

of bile acids into bile is probably a carrier mediated or an active

process (Erlinger et al, 1976). There is evidence that the transport

system responsible for the biliary secretion of bile acids is distinct

from that of bromosulpthalein and bilirubin (Alpert et al, 1969). In

most animal species bile acids are potent choleretics and a linear

relationship has been found between bile flow and bile acid secretion

rate in animal experiments (Preisig et al, 1962; Boyer & Klatskin,

1970) and in man (Schersten et al, 1971). Sperber (1959) has proposed

that the mechanism of the choleretic effect is osmotic, the transport

of bile acids into the canalicular lumen being responsible for an
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osmotic gradient allowing filtration of water and inorganic anions.

However other mechanisms have been postulated, for instance stimulation

by bile salts of a canalicular membrane pump (Soloway et al, 1973).

This aspect of bile flow is referred to as the bile acid dependent bile

flow. In all species studied extrapolation of the relationship

between bile acid flow and bile acid secretion for a zero bile acid

secretion yields a positive intercept and this has been interpreted as

being due to a bile acid independent process (Erlinger et al, 1970).

In rabbits and rats most of the bile salt independent flow is of

canalicular origin (Berthelot et al, 1970; Boyer & Klatskin, 1970;

Erlinger et al, 1970) whereas in man only part is of canalicular

origin, the remainder being of ductal origin (Prandi et al, 1975).

The canalicular bile acid independent bile flow has been shown to be

decreased by inhibitors of sodium transport (Boyer & Klatskin, 1970;

Erlinger et al, 1970) and adenosine triphosphatases are present in

hepatocytes (Novikoff & Essner, 1960), Na+,K+-adenosine triphosphatase

having been localised to the sinusoidal and lateral portions of the

hepatocyte plasma membrane in the rat (Blitzer & Boyer, 1978). The

ductule contributes to the composition of bile by secreting a

bicarbonate rich fluid and by reabsorbing sodium (Preisig et al, 1962;

Wheeler et al, 1968).

The primary bile acids, cholic acid and chenodeoxycholic acid are

synthesised from cholesterol in the liver by a major pathway involving

nuclear transformations preceding oxidation of the side chain (Figure

5.1). The first step in this pathway is 7a-hydroxylat ion of

cholesterol (Danielsson &Sjovall, 1975). The control of



FIGURE 5.1: MAJOR PATHWAY OF CHOLIC AND CHENODEOXYCHOLIC ACID
SYNTHESIS
Adapted from Danielsson (1976)

I, cholesterol; II, 7a-hydroxycholesterol ;
III, 7a-hydroxy-4-cholesten-3-one;
IV, 7a,12a-dihydroxy-4-cholesten-3-one;
V, 7a,12a-dihydroxy-5B-cholestan-3-one;
VI, 5g-cholestane-3a,7a,12a-triol; VII, 26-hydroxycholesterol;
VIII, 7a-hydroxy-5g-cholestan-3-one; IX, 5g-cholestane-3a,7a-diol
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7a-hydroxylation of cholesterol appears to be end product inhibition by

bile acids (Shefer et al, 1969). The 7a-hydroxychol esterol formed is

then oxidised to 7a-hydroxy-4-cholesten-3-one which can either be

hydroxylated in the 12a position to give

7a,12a-dihydroxy-4-cholesten-3-one (Bjorkhem & Danielsson, 1976) and

ultimately cholic acid, or can be converted into 5g

cholestane-3a,7a-diol, primarily a precursor of chenodeoxycholic acid.

Conversion of 7a,12a-dihydroxy-cholesten-3-one into 5g

cholestane-3a,7a,12a triol and 7a-hydroxy-4-cholesten-3-one into 5g

cholestane 3a,7a-diol is catalysed by soluble A4_3_|<etosteroid

5g-reductase and 3a-hydroxysteroid dehydrogenase enzymes (Danielsson,

1976). The first step in the oxidation of the side chain of 5g

cholestane-3a,7a,12a-triol and 5g cholestane-3a,7a-diol is

26-hydroxylation (Anderson et al, 1972). Subsequent shortening of the

side chain results in the formation of C24 bile acids. This pathway

appears to be the most important for cholic acid synthesis in man and

may also be the major route of chenodeoxycholic acid synthesis

(Danielsson, 1976).

An alternative pathway, demonstrated in rat liver (Mitropoulos &

Ryant, 1967) results in the synthesis of chenodeoxycholic acid rather

than cholic acid with side chain oxidation of cholesterol to

26-hydroxycholesterol and shortening of the side chain taking place

before rearrangement of the sterol ring. This pathway involves as

intermediates 5-cholestene-3-3, 26-diol and 3g-hydroxy-5-cho|enoic acid

which have been implicated in the development of liver dysfunction.

It is considered that the combined activities of 12a-hydroxylase and
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26-hydroxylase may play a role in the regulation of the ratio between

cholic and chenodeoxycholic acids (Danielsson, 1976). Bile acids are

conjugated with taurine or glycine before being secreted into bile and

in adult bile, glycine conjugates predominate (Sjovall, 1960).

There is an enterohepatic circulation of bile salts in man. The

circulating pool provides 97% of the bile salts entering the biliary

tree and duodenum (Heaton, 1979). In theory bile salts could be

absorbed by diffusion along the gastrointestinal tract and absorption

has been demonstrated from both small (Heaton, 1972) and large

intestine (Samuel et al, 1968). However the main site of absorption

is the ileum (Dietschy, 1968) and in adults 80-90% of each cycle is

reabsorbed by carrier mediated transport, trihydroxy bile acids being

absorbed most rapidly. In the gastrointestinal tract conjugated bile

salts are exposed to bacterial metabolism and may undergo deconjugation

and 7a-dehydroxylation, the extent of which depends on how distally the

pool of bile salts travels before it is absorbed and how proximally the

anaerobic flora extends (Heaton, 1979). Deconjugation of bile salts

begins in the mid small intestine and may be extensive in the terminal

ileum (Northfield & McColl, 1973). Conjugated bile acids are absorbed

better than deconjugated bile acids and taurine conjugates probably

more readily than glycine (Schiff & Dietschy, 1968) and it is likely

that conjugated bile acids are absorbed actively and deconjugated

passively (Heaton, 1972). Following deconjugation certain bacterial

organisms can 7a-dehydroxylate cholic and chenodeoxycholic acids

resulting in the secondary bile acids, respectively deoxycholic and

lithocholic acids (Midvedt & Norman, 1968). Dehydroxylation of bile
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salts appears limited to the large intestine (Heaton, 1979) and in the

case of deoxycholate only 35-50% of that formed is reabsorbed and

recirculated. In general dehydroxylation of bile salts is usually

followed by excretion in the faeces rather than reabsorption and the

principal bile salts in faeces are deoxycholic acid, lithocholic acid

and 3g-5-cholenoic acid. Following absorption bile acids are carried

in the portal blood stream to the liver where specific bile acid

receptors (Accatino & Simon, 1976) are probably involved in the hepatic

uptake of bile acids from blood. The uptake of bile acids from plasma

in dogs is more rapid than excretion (Erlinger et al, 1977) and it

would seem that in disease states increased plasma bile acids are more

likely associated with impaired excretion rather than defective uptake.

There are marked differences in bile acid metabolism in the foetus

and infant when compared with the older child and adult. Synthesis of

cholate and chenodeoxycholate has been demonstrated in foetal dogs

(Lester et al, 1972) and foetal sheep (Smallwood et al, 1973) in utero.

Bile acids have been isolated from the gall bladder and liver of 14-16

week human foetuses (Bongiovanni, 1965). Bile acid conjugation and

secretion has been demonstrated in foetal rat liver (de Belle et al,

1975) and in human foetal liver (Haber et al, 1978) using an organ

culture system. The principal bile acids in human foetal gall bladder

at 22-26 weeks gestation are taurine conjugated dihydroxy bile acids

but taurocholate along with a small amount of glycocholate appears at

28 weeks with taurocholate the principal bile acid at birth (Poley et

al, 1964). The adult pattern of predominantly glycine conjugated bile
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acids in bile is not present until 2-7 months of age (Challacombe et

al, 1975).

Analysis of human meconium has demonstrated the presence of both

the primary bile acids, cholic and chenodeoxycholic acid and the

secondary bile acids, deoxycholic and lithocholic acid (Back & Ross,

1973; Back & Walter, 1980). Synthesis of deoxycholate could not be

demonstrated in either monkey (Little et al, 1975) or sheep (Smallwood

et al, 1973) foetuses although deoxycholate was demonstrated in foetal

bile. Radioactive labelled cholate studies indicate that placental

transfer of bile salts can occur in monkeys from foetus to mother

(Little et al, 1975) and in dogs from mother to foetus (Lester et al,

1972) and the presence of deoxycholate in meconium has been attributed

to maternofoetal transfer (Lester et al, 1972; Smallwood et al, 1973).

Both lithocholic acid and 3g-hydroxy-5-cholenoic acid have been

demonstrated in human meconium (Sharp et al, 1971; Back & Ross, 1973;

Back & Walter, 1980) and as they are intermediates in the alternative

pathway of bile acid synthesis (Mitropoulos & Myant, 1967) there is

increasing evidence that this pathway may be active in the foetus and

newborn infant.

Using deuterium labelled bile salts Watkins et al (1973)

demonstrated that both the bile salt synthetic rate and the total pool

of cholate and chenodeoxycholate are reduced in the full term human

infant at birth and this reduction is even more marked in the premature

infant (Watkins et al, 1975). Pretreatment of the mother with

dexamethasone or phenobarbitone resulted in an increased bile salt

synthetic rate and bile salt pool size. Conservation of bile salts
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may be diminished in the neonate due to impaired reabsorption of bile

salts from the terminal ileum and no significant active transport of

taurocholate was demonstrated in ileal rings from infants in contrast

to children over eight months, and adults (de Belle et al, 1979) with

the author concluding that the enterohepatic circulation of bile salts

during the perinatal period was limited to that fraction of bile salts

absorbed passively.

Sandberg (1970) using a gas chromatographic technique was unable

to detect any significant differences in plasma bile acid levels

between infants and older children, however using a radioimmunoassay

method to detect cholic acid conjugates in plasma Balistreri et al

(1975) noted a higher mean value for infants under one year when

compared to concentrations in older children and subsequently elevated

fasting and postprandial values were noted in a group of premature

infants (Sondheimer et al, 1978). Sequential measurements have

indicated that cord serum values of cholate and chenodeoxycholate are

low and similar to fasting levels in older children and adults (Heikura

et al, 1980; Suchy et al, 1981) but over the first week of life there

is a progressive increase in serum levels of these bile salts which

remain elevated for six weeks to six months (Heikura et al, 1980; Suchy

et al, 1981). These elevated serum cholate and chenodeoxycholate

values decline to adult levels by 1-2 years of age (Barbara et al,

1980; Heikura et al , 1980; Suchy et al , 1981). More marked elevation

of plasma cholate has been demonstrated in premature infants compared

to full term infants studied between 4 and 12 days of age (Tikanoja et

al, 1981). An exaggerated postprandial response is seen in plasma and
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serum cholate levels in both full term and preterm infants (Suchy et

al, 1981; Tikanoja et al, 1981) and the return of the plasma cholate to

prefeed values is slower in the preterm infant (Tikanoja et al, 1981).

The rapid postprandial rise in plasma cholate values in infancy may be

due to passive jejunal absorption, rapid transit of bile acids to the

ileum or delayed hepatic uptake of bile acids.

Bilirubin is an organic anion derived from the haem of haemoglobin

of senescent red cells produced largely in the reticulendothelial

system (Gartner & Arias, 1969) (Figure 5.2). It may also be derived

from other tissue haem proteins (Fleischner & Arias, 1970). Haem is

converted to biliverdin by the rate limiting enzyme haem oxygenase

(Tenhunen et al, 1969) and biliverdin reductase converts biliverdin to

bilirubin (Tenhunen et al, 1970). Bilirubin is transported in the

plasma bound to plasma proteins, particularly albumin (Schmid, 1972)

and at the liver surface it dissociates and passes into the hepatocyte

(Goresky, 1971). Bilirubin uptake does not appear to be energy

dependent and it has been suggested that the process is one of

facilitative diffusion (Fleischner & Arias, 1970). Bilirubin

transport within the hepatocyte involves ligandin and Z protein (Arias

et al, 1976). Following transportation to the endoplasmic reticulum,

bilirubin is converted to water soluble bilirubin glucuronide in the

presence of UDP glucuronyl transferase (Lathe & Walker, 1958). The

method of transport within the hepatocyte of conjugated bilirubin is

not well understood nor what determines secretion at canalicular level.

Secretion of conjugated bilirubin into the canalicular space occurs

against a concentration gradient and operates with a lower capacity



BLOOD

HAEM OXYGENASE

HAEM BILIVERDIN BILIRUBIN

ALBUMIN

ALBUMIN

BILIRUBIN - ALBUMIN

HEPATOCYTE BILIRUBIN + LIGANDIN

BILIRUBIN LIGANDIN

—> LIGANDIN

UDP - GLUCURONIDE

TRANSFERASE

BILIRUBIN GLUCURONIDE

BILE DUCT - ... >. GUT

p -GLUCURONIDASE

FIGURE 5.2: METABOLISM OF BILIRUBIN



118

than either the conjugation process or the hepatic uptake of bilirubin

(Forker, 1977). Secretion of conjugated bilirubin into the

canalicular space is assumed to be rate limiting in the overall

transport of bilirubin from plasma to bile (Gollan & Schmid, 1979).

Secretion of conjugated bilirubin probably involves a membrane

carrier transport system shared with other organic anions but distinct

from that of bile acids (Alpert et al, 1969). However secretion of

bilirubin and bile salts are not totally independent as infusion of

taurocholate increases the maximal secretory rate of bilirubin (Forker,

1977) and it has been suggested that formation of mixed micelles at the

canalicular surface or within the canalicular lumen may also determine

net hepatic bilirubin transport (Goresky, 1975). Following secretion

bilirubin glucuronide is carried as a component of bile along the

biliary tree and discharged into the duodenum when food causes

cholecystokinin release and gall bladder contraction. Bilirubin

glucuronide released into the small intestine is hydrolysed by

bacterial g-glucuronidase in the terminal ileum and reduced to

'urobilinogen' which is oxidised to urobilin and excreted in the faeces

(Watson, 1969) and small amounts of urobilin appear in urine and bile

following reabsorption (Lester et al, 1965).

The mechanisms for the metabolism and excretion of bilirubin in

the newborn may be immature. In the foetal guinea pig, liver has an

incompletely developed mechanism for bilirubin conjugation (Schenker et

al, 1964). Unconjugated lipid soluble bilirubin injected into the

foetal monkey is readily cleared by the placenta and metabolised by the

maternal liver providing a protective mechanism against the toxic
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effects of unconjugated bilirubin (Lester et al, 1963) and with the

interruption of placental clearance at birth the human newborn must be

capable of handling the total bilirubin load even though the pathways

for its metabolism may be incompletely developed. The concentration

of ligandin is decreased in human foetal liver and probably also in the

immediate neonatal period (Arias et al, 1976) and UDP glucuronyl

transferase activity is considered to be diminished at birth (Gartner &

Arias, 1969). Reduction of UDP glucuronic acid depends on maturation

of UDP dehydrogenase which is incompletely developed particularly in

premature infants (Brown et al, 1958). There is evidence of increased

bilirubin production in the newborn infant from reduced red cell

survival time and in addition reabsorbed bilirubin may contribute to an

increased plasma concentration of bilirubin presented to the liver.

Meconium and faeces from newborn infants contain g-glucuronidase which

deconjugates bilirubin (Brodersen & Hermann, 1963) and fat soluble

deconjugated bilirubin may be reabsorbed across the intestine (Poland &

Odell, 1971).

Bilirubin is measured in serum by means of the Van den Bergh

reaction in which bilirubin reacts with diazotised sulphanilic acid

which splits the pigment molecule to form formaldehyde and a dipyrrole

azopigment. Free or unconjugated bilirubin reacts with diazotised

sulphanilic acid in aqueous solution only after the addition of alcohol

or some other solubilising agent (Indirect reaction); conjugated

bilirubin reacts rapidly without the addition of alcohol (Direct

reaction). Minor metabolites may participate in this reaction but for

practical purposes the direct reacting fraction is considered to
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correspond to conjugated bilirubin (Schmid, 1972). Separation of

bilirubin into conjugated and unconjugated fractions has greater

diagnostic value than total pigment level and an elevated direct

reacting bilirubin is a more sensitive indicator of hepatobiliary

disease. In children over the age of one month plasma direct

bilirubin is of the order 0.3-0.4mg/dl but it is uncertain whether this

direct reacting component is conjugated bilirubin or a fraction of

unconjugated bilirubin rendered soluble by bile salts (Glasgow, 1979).

An elevated direct bilirubin level is indicative of hepatic dysfunction

(Glasgow, 1979) and even in the presence of haemolysis a direct

fraction of bilirubin greater than 15% of the total indicates hepatic

dysfunction or impaired excretion (Meites, 1979). Conjugated

hyperbi1irubinaemia may occur in haemolytic disease of the newborn when

production of conjugated bilirubin is thought to exceed hepatic

excretory capacity (Dunn, 1963).

Cholestasis is defined physiologically as a reduction in bile flow

and morphologically as the presence of bile pigment in histological

sections of liver (Javitt, 1976). Early histological changes of

cholestasis include dilatation of bile canaliculi, the lumens of which

contain bile thrombi. In liver sections viewed under electron

microscopy cholestasis is associated with characteristic alterations of

the hepatocyte and changes in the bile canaliculi (Schaffner & Popper,

1979). Since there is a positive correlation between canalicular bile

flow and bile acid excretion (Schersten et al, 1971) physiological

cholestasis can be inferred from the finding of elevated plasma bile

acids implying a reduction in hepatic transport and therefore a
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decrease in canalicular bile flow. Morphological and biochemical

evidence of cholestasis are frequently associated with significant

hyperbilirubinemia, the combination being known as cholestatic

jaundice (Javitt, 1976).

There are many disorders associated with conjugated

hyperbi1irubinaemia in the newborn period (Table 5.1) of which the

commoner are abnormalities of the extrahepatic bile ducts or one of the

forms of the neonatal hepatitis syndrome. Rhesus isoimmunisation is

known to be associated with conjugated hyperbi1irubinaemia in 8-10% of

cases and the pathological findings in such patients include

proliferation of the bile ducts and the presence of bile thrombi. In

addition necrosis, giant cell regeneration and fibrosis have been

noted. The postulated mechanisms for the development of cholestasis

in these infants include initiation of liver damage by anoxia or

cardiac failure and conjugated bilirubin production which exceeds the

hepatic excretory capacity for bilirubin. Direct reacting bilirubin

is frequently elevated within a few hours after birth and in most cases

the peak direct bilirubin value is noted before the fifth day of life

(Dunn, 1963). Bile acid excretion into the intestine is impaired in

infants with rhesus isoimmunisation and conjugated hyperbilirubinaemia,

compared with those who show no elevation of direct bilirubin values

(Norman & Strandvik, 1973).

In 1971, Peden et al described disordered liver function and

pathological features of cholestasis in a preterm infant who had

received intravenous protein hydrolysate and hypertonic glucose

solution. Since then there have been several reports of hepatic



Infective Cytomegalovirus
Serum hepatitis
Rubella
Syphilis
Toxoplasmosis
Giant cell hepatitis
E. coli

Metabolic Galactosaemia
Biliary atresia
Haemolytic disorders
a-l-antitrypsin deficiency
Dubin Johnson syndrome

Table 5.1: PRINCIPAL CAUSES OF CONJUGATED HYPERBILIRUBINAEMIA IN
INFANCY

Adapted from Keay (1978)
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dysfunction associated with parenteral nutrition (Johnson et al, 1972;

Touloukian & Seashore, 1975; Bernstein et al, 1977; Sondheimer et al,

1978; Beale et al, 1979; Postuma & Trevenen, 1979; Vileisis et al,

1980; Black et al, 1981; Pereira et al, 1981). The biochemical

abnormalities recorded are conjugated hyperbi1irubinaemia with or

without elevated plasma alanine aminotransferase, aspartate

aminotransferase or alkaline phosphatase activities. Similarly

elevated values of serum cholic acid conjugates have been noted in

preterm infants receiving parenteral nutrition (Sondheimer et al,

1978). The pathological features which have been demonstrated in

liver are variable and non-specific with evidence of hepatocellular

damage, giant cell transformation and varying degrees of cholestasis.

On occasions increased portal fibrosis and cirrhosis have been noted.

The cause of parenteral nutrition associated hepatic dysfunction has

not been determined. It has been postulated that one or other of the

component solutions of parenteral nutrition may exert a direct toxic

effect on the liver. Various suggestions have been made to account

for the hepatotoxicity of parenteral nutrients including a high rate of

glucose infusion resulting in glycogen deposition (Lowry & Brennan,

1979) excessive protein load (Vileisis et al, 1980), hyperammonaemia

(Johnson et al, 1972) protein hydrolysate toxicity (Bernstein et al,

1977) and amino acid imbalance (Cohen et al, 1973). Deposition of a

lipid like pigment mainly in the Kuppfer cells of patients receiving

Intra!ipid has been described (Koga et al, 1975; Passwell et al, 1976)

and thus Intralipid toxicity has also been cited as a possible cause of

hepatic damage. Preterm infants seem more susceptible to the
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development of disordered liver function (Touloukian & Seashore, 1975;

Sondheimer et al, 1978; Pereira et al, 1981) which is also related to

the duration of parenteral feeding (Collins et al, 1977; Sondheimer et

al, 1978; Pereira et al, 1981). Other possible aetiological factors

which have been considered include bacterial infection (Manginello &

Javitt, 1979; Pereira et al, 1981) and a delay in the onset of enteral

feeding (Rager & Finegold, 1975).

To monitor hepatic function in patients receiving parenteral

nutrition serial measurements of direct bilirubin, alanine

aminotransferase, aspartate aminotransferase and alkaline phosphatase

have been advocated (Heird et al, 1972; Zarif et al, 1976; Vileisis et

al, 1981a). In adults the measurement of serum bile acids is

considered to provide a sensitive and early indicator of hepatobiliary

disease (Korman et al, 1974; Douglas et al, 1981). Elevated levels of

plasma bile acids imply decreased canalicular bile flow and therefore

may provide a more direct measure of cholestasis than previously

advocated liver function tests.

In this study information was sought regarding the incidence,

development and progression of disordered hepatic function in infants

receiving parenteral nutrition. The possible value of measurements of

plasma bile acids, cholic and chenodeoxycholic acids as an early and

sensitive indicator of hepatic function was investigated. Various

possible aetiological factors implicated in the development of hepatic

dysfunction including delay in the onset of enteral nutrition and

bacterial and viral infection were considered.
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PATIENTS AND METHODS

Of 531 surviving low birth weight infants (less than 2.5kg at birth)

admitted to the Special Care Unit, Simpson Memorial Maternity Pavilion,

Edinburgh, in a two year period from June 1978 to June 1980, 122

infants received parenteral nutrition for varying periods of time and

409 infants were totally enterally fed. The main indications for

parenteral nutrition were respiratory distress, extreme prematurity,

gastrointestinal disorders and intolerance of enteral nutrition.

Total parenteral nutrition was comprised of a dextrose electrolyte

solution, a crystalline amino acid solution (Vamin Glucose) and a soya

bean emulsion (Intralipid 20%). The composition of these solutions is

shown in Appendix I. A water soluble multivitamin preparation

(Multibionta or Solivito) was added to the dextrose electrolyte

solution and a fat soluble vitamin preparation (Vitlipid Infant) to the

Intralipid. Trace elements (Addamel) were administered in Vamin

Glucose. The constituents of these additives is shown in Appendix I.

The fluid regimen commenced at a volume of 50ml/kg/24 hours on day 1,

increasing by daily increments of 25ml/kg to a total intake of

200ml/kg/24 hours. Increased fluid was administered to infants

receiving phototherapy and additional modifications to this regimen

were made on clinical indications. Parenteral nutrition was

administered preferentially by a central catheter, either an umbilical

arterial catheter if this had been inserted for monitoring purposes, or

a central venous line inserted by percutaneous technique (Shaw, 1973).

A peripheral venous line was only used in the event of technical

difficulty or the presence of infection.
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Routine monitoring of infants receiving parenteral nutrition

included regular measurements of blood sugar, plasma urea, sodium,

potassium, calcium, phosphate, alkaline phosphatase and amino acids.

Blood cultures were performed daily and frequent full blood counts

carried out. Acid base status and blood gas analysis were regularly

monitored. Indications for discontinuation of amino acid and fat

infusion included a ph<7.28, plasma urea >10mmol/l and a plasma sodium

>150mmol/l. Liver function was monitored by means of plasma direct

and indirect bilirubin, alanine aminotransferase activity and plasma

conjugated cholate and chenodeoxycholate values. (The sum of plasma

cholate and chenodeoxycholate values is referred to hereafter as the

plasma bile salt value.) Plasma total and direct bilirubin measured

by the method of Malloy and Evelyn (1937) were estimated frequently

during the first week of life according to clinical indications and

thereafter estimations were performed twice weekly. Plasma alanine

aminotransferase activity was measured twice weekly during periods of

parenteral nutrition by Sequential Multiple Analysis with Computer

(SMAC) system (Technicon Instrument Corporation, Basingstoke, UK).

Plasma conjugated cholate and conjugated chenodeoxycholate were

measured by radioimmunoassay using 1251abel1ed ligands (Beckett et

al, 1978; Beckett et al, 1979) twice weekly during periods of

parenteral nutrition. In infants who developed cholestatic jaundice,

continued monitoring of plasma bile salts, direct and total bilirubin

and alanine aminotransferase activity was carried out twice weekly

during inpatient stay and at regular intervals as outpatients until

resolution had occurred.
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In those infants who developed conjugated hyperbi1irubinaemia

during parenteral nutrition investigations to exclude known causes of

conjugated hyperbi1irubinaemia were carried out including urinary sugar

chromatography for galactose, plasma a-foetoprotein estimation,

a-l-antitrypsin level and phenotype, plasma amino acid analysis and an

ultrasound liver scan (Table 5.2). Evidence of congenital infection

with treponema pallidum, cytomegalovirus, rubella and toxoplasma gondii

was sought and haemolytic disorders excluded.

In infants who developed conjugated hyperbilirubinaemia the

patterns of plasma bilirubin, bile salts and alanine aminotransferase

activity were examined with respect to development and resolution of

cholestasis. The timing of onset of significantly abnormal values,

peak levels and the return to insignificant values was noted.

Parenterally fed infants with and without cholestasis were compared to

enterally fed infants in an attempt to evaluate the possible

aetiological factors involved in the development of cholestasis, timing

of onset of enteral nutrition, presence of congenital or acquired

bacterial or viral infection. The relationship of birth weight and

gestational age, assessed according to the method of Dubowitz et al

(1970) to the development of cholestasis was considered.

The effects of the duration of parenteral nutrition and other

potential aetiological factors such as asphyxia, respiratory distress,

cardiac failure secondary to a persistent ductus arteriosus and drug

administration were analysed. The potential role of blood and blood

product transfusions was also assessed.



Blood group
Bacteriology
Virology

Maternal/Infant
Maternal/Infant
Maternal/Infant

Amino acids
Urinary reducing sugars
Sugar chromatography
Maternal V.D.R.L.
Plasma protein electrophoresis a^-antitrypsin
Auto-antibodies
Liver - renal ultrasound scan

a-Foetoprotein
Coagulation screen
Alanine aminotransferase
Bilirubin - Direct/indirect
Blood Sugar
Bile salts - chenodeoxycholate, cholate
Blood ammonia

Table 5.2: INVESTIGATION OF INFANTS WITH HEPATIC DYSFUNCTION
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Statistical analysis of the incidence of infection and the number

of red cell concentrate transfusions was by Wilcoxon Rank Sum tests.

Analysis of blood product transfusions was by Kruskal-Wallis test.

The remaining analysis was by Student's t test.
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RESULTS

DIRECT BILIRUBIN

During the period of the study a plasma direct bilirubin measurement of

greater than 25ymol/l was considered to indicate cholestasis (Odell,

1976a), this value being obtained at least ten days postpartum to avoid

the peak of indirect bilirubin secondary to immaturity of liver

function. The ratio of indirect to direct bilirubin in infants at

least ten days postpartum with no evidence of a haemolytic disorder was

1.07±0.33 (240 samples in 14 infants)(Figure 5.3)

PLASMA BILE SALTS

The term plasma bile salts used in reference to this study indicates

the sum of plasma conjugated cholate and conjugated chenodeoxycholate.

There is wide variation in the total plasma cholate and

chenodeoxycholate in the full term infant (Tikanoja et al, 1981) and

ideally each infant should act as his own standard as sequential

measurements may then demonstrate significant changes from baseline

values. In order to obtain baseline normal values for infants in this

study, values of total conjugated cholate plus chenodeoxycholate were

taken: 14.7±14.8ymol/I (±2SD). The total plasma bile salts (cholate +

chenodeoxycholate) were then considered to be elevated at values

greater than 30ymol/l and no infant in the study had a baseline value

for total plasma bile salts of greater than 30ymol/l prior to the onset

of cholestasis.
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FIGURE 5.3: RATIO OF PLASMA DIRECT AND INDIRECT BILIRUBIN VALUES

In infants with no evidence of a haemolytic disorder the ratio of
direct to indirect bilirubin after ten days postpartum was 1.07±0.33
(240 samples in 14 infants).
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ALANINE AMINOTRANSFERASE ACTIVITY

To obtain normal values for alanine aminotransferase activity with

respect to gestational age, measurements were performed on blood

samples taken between 5 and 10 days of age in order to avoid any

perinatal effects. There were no significant differences noted in

plasma alanine aminotransferase activity in the gestational age range

26 to 40 weeks. 60% of the 290 samples gave values of <10u/l and no

sample exceed 40u/l.

BIOCHEMICAL PATTERNS OF CHOLESTASIS

Two distinct biochemical patterns were noted in infants who developed

cholestasis and these will be referred to as type A and type B

cholestasis. In infants who developed type A cholestasis there was no

rise in plasma alanine aminotransferase activity either prior to or

subsequent to the development of cholestasis (Figure 5.4). In type B

cholestasis the plasma alanine aminotransferase activity remained

within the normal range prior to the development of cholestasis and

only increased after cholestasis was well established (Figure 5.5).

In the study period 12 infants developed type A cholestasis and six

infants developed type B cholestasis.

CHOLESTASIS TYPE A

In type A cholestasis (Figure 5.4) the rise in direct bilirubin to a

significant level was delayed until 22.3±11.3 days after birth reaching

a peak value of 60.8±22.lymol/I at 47.8±13.5 days of age, then falling

to an insignificant level by 76.9±30.9 days (Table 5.3). The rise in

plasma bile salts during the evolution of the cholestasis paralleled
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FIGURE 5.4: TYPE A CHOLESTASIS

In this infant with type A cholestasis, plasma alanine aminotransferase
activity did not rise during the period of study. Plasma measurements
of direct bilirubin, cholate and chenodeoxycholate showed a progressive
rise over the first ten postnatal weeks with a subsequent decline to
normal levels by four months of age.
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In this infant with type B cholestasis, a progressive rise in plasma
direct bilirubin, cholate and chenodeoxycholate values is noted over
the first 14 weeks of life. The onset of significantly elevated
alanine aminotransferase activity occurs later than the elevation in
direct bilirubin and bile salt values. All parameters had returned to
normal by 20 weeks of age in this infant.



Direct Bilirubin Bile Salts p value

Time to onset of
significant value 22.3±11.3 17.1±7.6 NS
(days)

Time to maximal
value (days) 47.8±13.5 78.3±34.1 <0.05

Time to
resolution (days) 76.9±30.9 98.3±26.8 NS

Maximal value 60.8±22.1 128.8±37.9
(wmol/1)

TABLE 5.3: PLASMA DIRECT BILIRUBIN AND PLASMA BILE SALT VALUES IN
INFANTS WITH TYPE A CHOLESTASIS

Values are expressed as means ±1SD.

In 12 infants with type A cholestasis the maximal direct bilirubin
value was noted significantly before the maximal plasma bile salt value.
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the increments of direct bilirubin with no difference in the time at

which each reached a significant level (Table 5.3). Similarly there

was no difference in the time either direct bilirubin or bile salts

reached an insignificant value as cholestasis resolved (Table 5.3).

However the timing of maximal plasma bile salt value was significantly

later (p<0.05) than the maximal direct bilirubin value. There was no

rise in plasma alanine aminotransferase activity in infants with type A

cholestasis.

CHOLESTASIS TYPE B

In type B cholestasis (Figure 5.5) the rise in direct bilirubin to a

significant value was delayed until 29.8+12.1 days after birth reaching

a peak of 101.2±9.0ymol/l and had fallen to an insignificant value by

132.1±7.1 days (Table 5.4). There was no significant difference in

the time at which direct bilirubin or plasma bile salts reached a

significant value nor in the time at which each became insignificant as

cholestasis resolved. The timing of the maximal plasma bile salt

value was not significantly different from that of the maximal direct

bilirubin value (Table 5.4). Plasma alanine aminotransferase activity

rose after cholestasis was well established, this rise being

significantly delayed when compared to the rise in either plasma direct

bilirubin (p<0.01) or plasma bile salt values (p<0.001)(Table 5.4).

There was no difference in the time at which plasma alanine

aminotransferase activity became insignificant compared to either

plasma bile salts or plasma direct bilirubin.



Direct Bilirubin

(ymol/1)
1

Bile Salts

(ymol/1)
2

ALT

(u/1)
3

p value

Time to onset of
significant value
(days)

29.8±12.1 23.8±8.1 57.3±13.1 lv2 NS
lv3<0.01
2v3 0.001

Time to maximal
value (days) 57.0±21.0 85.0±25.5 77.2±25.1 NS

Time to
resolution (days) 132.1±7.1 141.6±9.2 121.8±17.3 NS

Maximal value 101.2±9.0 158.4±26.1 120.8±33.1

TABLE 5.4: PLASMA DIRECT BILIRUBIN, PLASMA BILE SALTS AND ALANINE
AMINOTRANSFERASE ACTIVITY (ALT) IN INFANTS WITH TYP"T~B
CHOLESTASIS

Values are expressed as means ± 1SD.

In six infants with type B cholestasis alanine aminotransferase
activity became elevated significantly after the rise in direct bilirubin
and bile salts.
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COMPARISON OF TYPE A AND TYPE B CHOLESTASIS

There was no significant difference in the time of onset of significant

direct hyperbi1irubinaemia nor in the timing of the maximal direct

bilirubin value in infants with type A or type B cholestasis. However

the maximal bilirubin was higher (p<0.001) and the duration of

significant hyperbi1irubinaemia more prolonged in infants with type B

compared to type A (p<0.001)(Table 5.5). There was no significant

difference in the time of onset of a significant plasma bile salt value

in infants with type A compared with those with type B cholestasis, but

as with direct bilirubin, plasma bile salt values remained elevated for

a longer period of time in infants with type B (p<0.001). In contrast

to direct bilirubin values there was no significant difference in

maximal plasma bile salt values in infants with type A or with type B

cholestasis (Table 5.5).

BIRTH WEIGHT

The mean birth weight of the non parenterally fed group was

significantly greater than that of all the other groups (p<0.001)(Table

5.6). However there was no significant difference in birth weight

between infants who developed type A cholestasis and the parenterally

fed group who did not develop cholestasis. Similarly there was no

difference in birth weight between infants who developed type A and

type B cholestasis. The birth weight of the infants who developed

type B cholestasis was marginally less than the parenterally fed non

cholestatic group (p<0.05).



Direct Bilirubin

Bile Salts

Type A Type B
Cholestasis Cholestasis p value

Number of infants 12 6

Time to onset of
significant value 22.3±11.3 29.8±12.1 NS
(days)

Time to maximal
value (days) 47.8±13.5 57.0±21.0 NS

Time to
resolution (days) 76.9±30.9 132.1±7.1 <0.001

Maximal value 60.8±22.1 101.2±9.0 <0.001
(ymol/1)

Time to onset of
significant value 17.1±7.6 23.8±8.1 NS
(days)

Time to maximal
value (days) 78.3±34.1 85.0±25.5 NS

Time to
resolution (days) 98.3±26.8 141.6±9.2 <0.001

Maximal value 128.8±37.9 158.4±26.1 NS
(pmol/1)

TABLE 5.5: COMPARISON BETWEEN TYPE A AND TYPE B CHOLESTASIS

Values are expressed as means ±1SD.

The time of resolution at which plasma direct bilirubin and plasma
bile salt values became insignificant occurred significantly later in
infants with type B cholestasis compared with those with type A. The
maximal direct bilirubin value was higher in type B compared with type A
in contrast to plasma bile salts where there was no difference in peak
values



Numberof infants

Parenteral
NonCholestatic (1) 104

Cholestasis TypeA (2) 12

Cholestasis TypeB (3)
6

Non- Parenteral (4) 109

pvalue

Birthweight (g) range

1755±445 (880-2500)

1552±639 (730-1990)

1319±219 (1020-1590)

2177±279 (1220-2500)

lv4<0.001 2v4<0.001 3v4<0.001 lv3<0.05

Gestation (weeks) range

32.5±2.5 (26-37)

27.8±2.3 (26-35)

30.0±2.2 (28-32)

36.0±2.1 (29-41)

lv4<0.001 2v4<0.001 3v4<0.001 lv2<0.001 lv3<0.05

Apgarscore
1minute

5.6±2.5

4.6±2.7

3.8±3.1

6.2±2.2

lv4<0.01 2v4<0.01 3v4<0.05

5minute

8.1±1.6

7.0±2.4

6.7±1.5

8.5±1.4

lv3<0.05 3v4<0.001

TABLE5.6:COMPARISONSOFBIRTHWEIGHT,GESTATIONANDAPGARSCORESINPARENTERALLYANDNON PARENTERALLYFEDINFANTS
Valuesareexpressedasmeans±1SD. Infantsinthenonparenteralgroup

oneminuteApgarscorethanparenterally gestationandthosewithtypeBoflowerbirthweightandgestationthantheparenterallyfednon cholestaticgroup.

wereofgreaterbirthweightandgestationandhada fedinfants.InfantswithtypeAcholestasiswere
higher oflower



132

GESTATIONAL AGE

The gestational age at birth of the non parenterally fed group was

significantly greater than all other groups (p<0.001)(Table 5.6). The

gestational age of the parenterally fed non cholestatic group differed

significantly from that of infants who developed type A (p<0.001) or

type B cholestasis (p<0.05).

APGAR SCORES

The one minute Apgar score of the non parenterally fed group was

significantly higher than both the parenterally fed non cholestatic

group (p<0.01) and the groups who developed type A cholestasis (p<0.01)

and type B cholestasis (p<0.05)(Table 5.6). However there was no

difference between the parenterally fed groups.

The five minute Apgar score of the non parenterally fed group was

significantly higher than the group who developed type B cholestasis

(p<0.001) but not significantly different from the parenterally fed non

cholestatic group, nor the infants who developed type A cholestasis

(Table 5.6). The five minute Apgar score of the parenterally fed non

cholestatic infants was marginally higher than the cholestasis type B

group (p<0.05) but no other significant differences were found between

the parenterally fed groups.

PARENTERAL NUTRITION

There were no significant differences between the groups in the day of

commencement of parenteral nutrition. The duration of parenteral

nutrition was significantly longer in infants of both groups who

developed cholestasis (p<0.001)(Table 5.7) compared to those



Numberof infants

Parenteral
NonCholestatic (1) 104

Cholestasis TypeA (2) 12

Cholestasis TypeB (3)
6

pvalue

Parenteralnutrition Onset

(days) (range)
Duration(days) (range)

Enteralnutrition

2.8±5.8 (1-13) 6.9±5.8 (1-35)

2.9±1.2 (1-5) 25.6±17.9 (4-68)

2.2±0.8 (1-3) 55.8±20.0 (35-84)

NS lv2<0.001 lv3<0.001 2v3<0.01

Onset

(days) (range)
Fullyestablished (days) (range)

5.9±5.1 (1-39) 11.7±7.9 (3-50)

11.9±9.7 (1-32) 31.6±19.4 (8-67)

43.5±12.4 (35-64) 58.5±19.4 (40-85)

lv2<0.01 lv3<0.001 2v3<0.001 lv2<0.001 lv3<0.001 2v3<0.05

TABLE5.7:COMPARISONOFPARENTERALLYFEDCHOLESTATICANDNONCHOLESTATICINFANTSINTHEONSETAND DURATIONOFPARENTERALNUTRITIONANDTHETIMEOFONSETANDESTABLISHMENTOFFULLENTERAL NUTRITION
Valuesareexpressedasmeans±1SD. Thedurationofparenteralnutritionwassignificantlylongerinthecholestaticcomparedwith

thenoncholestaticinfants.Theestablishmentoffullenteralnutritionwasdelayedininfants withcholestasiswhencomparedwithparenterallyfednoncholestaticinfants.
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parenterally fed infants who did not develop cholestasis. Infants who

developed type B cholestasis were parenterally fed for longer than

those who developed type A (p<0.01).

There was a significant time difference in the introduction of

enteral feeding after parenteral nutrition in infants who developed

type A (p<0.01) and type B cholestasis (p<0.001) compared to the

parenterally fed group who did not develop cholestasis. Similarly the

day of onset of enteral feeding was highly significantly different

between infants who developed type A and type B cholestasis (p<0.001)

the delay being greater in infants with type B (Table 5.7). The

transition from parenteral to enteral nutrition was completed

significantly earlier in the parenterally fed group who did not develop

cholestasis compared with the groups who developed cholestatic jaundice

(p<0.001)(Table 5.7). Enteral nutrition was established earlier in

infants with type A cholestasis compared with type B (p<0.05).

BACTERIAL INFECTION: CONGENITAL

The incidence of congenital bacterial infection was higher in the

parenterally fed non cholestatic group compared to the non parenterally

fed group (p<0.05)(Table 5.8). Infants who developed cholestasis,

either type A or type B had a significantly higher incidence of

congenitally acquired bacterial infection than either the parenterally

fed non cholestatic or the non parenterally fed group (p<0.001).

There was no difference in the incidence of congenital infection in

infants who developed type A or type B cholestasis. The range of

causative organisms is shown in Table 5.8. The organisms were all



Numberof infants

Parenteral
NonCholestatic (1) 104

Cholestasis TypeA (2) 12

Cholestasis TypeB (3)
6

Non- Parenteral (4) 409

pvalue

Numberof infections

5

5

1

3

lv2<0.001 lv3<0.001 lv4<0.05 2v4<0.001 3v4<0.001

Septicaemia Causative organisms

2

E.Coli Pseud.aeruginosa
3 Enterococcus GroupBstrep E.coli

1 Staph.aureus

Pneumonia Causative organisms

32
GroupBstrep.(2)GroupBstrep. *Strep.pneumoniae

1 Pseud.aeruginosa
2 *

TABLE5.8:INCIDENCEOFCONGENITALBACTERIALINFECTION Anasteriskindicatesthattheorganismwasnotidentified. GroupBStrep.=LancefieldGroupB3haemolyticstreptococcuspyogenes E.coli=Escherischiacoli Staph.aureus=Staphylococcusaureus Pseud.aeruginosa=Pseudomonasaeruginosa Strep.pneumoniae=Streptococcuspneumoniae InfantswhodevelopedtypeAortypeBcholestasishadasignificantlyhigherincidenceof congenitalbacterialinfectionthaneithertheparenterallyfednoncholestaticgrouporthenon parenterallyfedinfants.Theincidencewasgreaterintheparenterallyfednoncholestaticgroup comparedwiththenonparenterallyfedgroup.
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isolated from specimens taken within two hours following delivery and

in the majority of cases the same organism was isolated from the

maternal high vaginal culture. No specific group of bacteria could be

implicated in the aetiology of cholestasis. In the parenterally fed

non cholestatic group there were two infants with septicaemia due to

escherischia coli and pseudomonas aeruginosa. The three infants with

type A cholestasis were infected with escherischia coli, Lancefield

group B g haemolytic streptococcus and enterococcus. No infant with

type B cholestasis had a positive blood culture immediately following

delivery. There were two infants in the parenterally fed non

cholestatic group with pneumonia due to Lancefield group B 3 haemolytic

streptococcus and one with a pneumonia due to an unidentified organism.

In infants with type A cholestasis two patients with a pneumonia were

identified, one infected with group B streptococcus pyogenes and the

other with streptococcus pneumoniae. One infant with type B

cholestasis had pneumonia due to pseudomonas aeruginosa.

BACTERIAL INFECTION: ACQUIRED

The number of acquired bacterial infections was significantly lower in

non parenterally fed infants compared with all parenterally fed groups

(p<0.001)(Table 5.9). There was no difference in the incidence of

acquired bacterial infection in infants with type A or type B

cholestasis but infants who developed cholestasis had a higher

incidence of acquired bacterial infection (Figure 5.6) than the

parenterally fed non cholestatic group (p<0.001). The range of

organisms isolated in acquired bacterial infection is shown in



Numberof infants

Parenteral
NonCholestatic (1) 104

Cholestasis TypeA (2) 12

Cholestasis TypeB (3)
6

Non- Parenteral (4) 409

pvalue

Numberwith: 1infection 2infections 3infections Totalepisodes ofinfection

21 21

5 3

1

14

4 2

8

16 16

lv2<0.001 lv3<0.001 lv4<0.001 2v4<0.001 3v4<0.001

Causative organisms

TypeA Escherichiacoli Staphylococcusalbus Enterococcus

5
4 3

Streptococcuspneumoniae1 Organismnotidentified1
TypeB Staphylococcusalbus Escherichiacoli Enterococcus

TABLE5.9:INCIDENCEOFACQUIREDBACTERIALINFECTION
4

2

1

Pseudomonasaeruginosa1

Thenumberofacquiredbacterial infantsthanall

infectionswassignificantlylowerinthenonparenterallyfed
theparenterallyfedgroups.
InfantswhodevelopedtypeAortypeBcholestasis

hadahigherincidenceofinfectionthattheparenterallyfednoncholestaticgroup.
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FIGURE 5.6: ACQUIRED INFECTION IN AN INFANT WITH TYPE A CHOLESTASIS

This infant of 28 weeks gestation (lllOg birthweight) had multiple
problems in the neonatal period and required parenteral nutrition for
68 days and intermittent positive pressure ventilation for six weeks.
During this period he acquired infection on several occasions,
bacterial and fungal. Each episode of infection appeared to be
associated with a further rise in plasma direct bilirubin. Liver
function tests had returned to normal by 20 weeks postnatally and he
remained well at follow-up when seen aged two years.

STAPH.ALBUS.: Staphylococcus Albus E.COLI.: Escherischia Coli
E.T.: Endotracheal secretions
PEN: Penicillin GENT: Gentamicin
CLOX: CI oxacillin
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Table 5.9. In all cases of acquired infection at least one positive

blood culture was obtained and the septicaemia was also associated with

pneumonia in some cases.

FUNGAL INFECTION: ACQUIRED

No non parenterally fed infant acquired a systemic fungal infection.

Three of the parenterally fed infants developed a systemic fungal

infection with Candida albicans, one infant on two occasions. All

three of these infants developed type A cholestasis.

VIRAL INFECTION: ACQUIRED

Infants who developed cholestasis had a higher incidence of acquired

viral infection compared to the non parenterally fed or parenterally

fed non cholestatic groups (p<0.001)(Table 5.10). There was no

significant difference in the incidence of acquired viral infection in

infants with type A or type B cholestasis. Two non parenterally fed

infants acquired viral infections, one due to respiratory syncitial

virus and one due to echo virus 17. Two infants with type A

cholestasis acquired cytomegalovirus and a third an adenovirus 1. In

the group with type B cholestasis three infants became infected with

cytomegalovirus and one with adenovirus 5.

BLOOD AND BLOOD PRODUCT TRANSFUSIONS

Parenterally fed infants had a significantly higher number of red blood

cell concentrate transfusions than non parenterally fed infants

(p<0.001)(Table 5.11). Infants who developed cholestasis had a

significantly higher number of red blood cell concentrate transfusions



Parenteral
NonCholestatic

Cholestasis TypeB (3)

Non- Parenteral

pvalue

(1)

(4)

Numberof infants

104

12

6

409

Numberofacquired viralinfections

3

4

2

lv2<0.001 lv3<0.001 2v4<0.001 3v4<0.001

TABLE5.10:INCIDENCEOFACQUIREDVIRALINFECTION Theincidenceofacquiredviralinfectionwashigherinthecholestaticinfantswhencomparedwith thenoncholestaticparenterallyfedandnonparenterallyfedgroups.Twononparenterallyfed infantsbecameinfected,onewithrespiratorysyncitialvirus,theotherwithechovirus17.One infantwithtypeAhadanadenovirus1infectionandtwoothershadcytomegalovirus.Oftheinfants withtypeB,threeinfantsacquiredcytomegalovirusinfectionandoneanadenovirus5.



Numberof infants

Parenteral
NonCholestatic (1) 104

Cholestasis TypeA (2) 12

Cholestasis TypeB (3)
6

Non- Parenteral (4) 409

pvalue

Numberofred cellconcentrate transfusions

223

113

91

23

lv2<0.001 lv3<0.001 lv4<0.001 2v3<0.05 2v4<0.001 3v4<0.001

Bloodproducts Saltpooralbumin
19

10

8

-

Platelets

5

9

—

1

Cryoprecipitate

2

mm

■

-

-

Freshfrozenplasma
16

4

3

—

Factorconcentrate
3

2

Totalnumberofblood4529111lv2<0.001 producttransfusions

lv3<0.001 lv4<0.001 2v4<0.001 3v4<0.001

TABLE5.11:BLOODANDBLOODPRODUCTTRANSFUSIONS Parenterallyfedinfantshadasignificantlyhighernumberofredbloodcellconcentratetransfusionsthannonparenterallyfedinfants.InfantswithtypeAandtypeBcholestasishadasignificantlyhighernumberofredcellconcentratetransfusionsthantheparenterallyfednoncholestaticgroup.InfantswithtypeBcholestasishadahighernumberofredcelltransfusionsthanthosewithtypeA cholestasis. InfantswhowereparenterallyfedhadasignificantlygreaternumberofbloodproducttransfusionscomparedtothenonparenterallyfedinfantsandinfantswithtypeAorBcholestasishadagreaternumberthantheparenterallyfednoncholestaticgroup.



136

than the parenterally fed non cholestatic group (pCO.OOl) and infants

with type B cholestasis had a marginally higher number of transfusions

than those who developed type A cholestasis (p<0.05).

Infants who were parenterally fed had a significantly higher

number of blood product transfusions compared to the non parenterally

fed infants (p<0.001)(Table 5.11). Infants with type A or B

cholestasis had a significantly higher number of blood product

transfusions than the parenterally fed non cholestatic group (pCO.OOl)

with no significant difference between the infants who developed type A

or type B cholestasis. The blood products which were used were salt

poor albumin, fresh frozen plasma, factor concentrate, cryoprecipitate,

and platelet concentrate. There were insufficient numbers of the

individual products given to make statistical comparisons between the

groups valid and therefore the total numbers of products used were

compared.

IDIOPATHIC RESPIRATORY DISTRESS SYNDROME

The incidence of the idiopathic respiratory distress syndrome was

significantly higher in all the groups who were parenterally fed

(p<0.001) compared to the non parenterally fed group (Table 5.12) but

there was no significant difference in incidence between infants who

were parenterally fed. There was no significant difference between

the parenterally fed groups in the number of infants requiring

ventilatory support. However the duration of ventilation was

significantly longer in the groups of infants who developed cholestasis

when compared to the parenterally fed non cholestatic infants (p<0.001)



Parenteral

Cholestasis

Cholestasis

Non-

NonCholestatic
TypeA

TypeB

Parenteral

pvalue

(1)

(2)

(3)

(4)

Numberof infants

104

12

6

409

IRDS

lv4<0.001

Numberof

46

4

5

4

2v4<0.001

infants

3v4<0.001

Management HeadboxOxygen

17

1

0

4

CPAP

6

0

0

*0

IPPV

23

3

5

0

PDA Numberof

20

9

6

4

lv2<0.001

infants

lv3<0.001 lv4<0.001 2v4<0.001 3v4<0.001

Management Digoxin/frusemide
14

5

2

4

Indomethacin

5

3

2

0

Surgicalligation
1

1

2

0

TABLE5.12:INCIDENCEANDTREATMENTOFIDIOPATHICRESPIRATORYDISTRESSSYNDROMEANDSYMPTOMATIC PERSISTENTDUCTUSARTERIOSUS
Theincidenceoftheidiopathicrespiratorydistresssyndrome(IRDS)wassignificantlyhigherinall groupswhowereparenterallyfedcomparedtothenonparenterallyfedgroupwithnodifferencesbetweentheparenterallyfedgroups.Therewereagreaternumberofinfantswhodevelopedcardiacfailurein associationwithapersistentductusarteriosus(PDA)intheparenterallyfedgroupscomparedtothenon parenteralgroup.TheincidenceofsymptomaticPDAwasalsosignificantlygreaterinthoseinfantswhodevelopedcholestasiswhencomparedwiththeparenterallyfednoncholestaticinfants.CPAP(ConstantPositiveAirwaysPressure)wasadministeredvianasalprongsoranendotracheal

tube.
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with no significant difference in infants who developed type A or type

B cholestasis.

PERSISTENT DUCTUS ARTERIOSUS

The number of infants with significant cardiac failure secondary to a

persistent ductus arteriosus was greater in all the parenterally fed

groups compared to the non parenterally fed group (p<0.001)(Table

5.12). Similarly infants who developed type A or type B cholestasis

had a significantly higher incidence of cardiac failure secondary to

persistent ductus arteriosus compared to the parenterally fed non

cholestatic controls (p<0.001). There was no significant difference

in the incidence of persistent ductus arteriosus between the groups who

developed type A or type B cholestasis. None of the non parenterally

fed infants received Indomethacin therapy or underwent surgical

ligation of the ductus whereas five infants in the parenterally fed non

cholestatic group received Indomethacin and one infant underwent

surgical ligation. Three infants with type A and two infants with

type B cholestasis were treated with Indomethacin and one infant with

type A and two infants with type B had the ductus ligated surgically.

There were no significant differences in the management of the

parenterally fed infants but the numbers were small.

DRUGS

No significant differences were noted in prescribing practices between

the parenterally fed groups. Drugs commonly employed included a range

of antibiotics such as benzyl penicillin, gentamicin, cloxacillin,

metronidazole, cephazolin, chloramphenicol, tobramycin. Other
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frequently used agents included digoxin, frusemide, vitamin

preparations and ferrous sulphate.

AMINO ACIDS

No striking abnormalities were noted on amino acid analysis. On

occasion all amino acids were low and one patient had an elevated

tyrosine value on one analysis.

RHESUS ISOIMMUNISATION

There were 53 infants with rhesus isoimmunisation admitted to the

Special Care Unit, Simpson Memorial Maternity Pavilion between 1972 and

1980. Of these infants 31 were treated by phototherapy alone and 14

infants had a single exchange transfusion performed, five at birth and

nine in the neonatal period. Only eight infants required multiple

exchange transfusions. Conjugated hyperbilirubinaemia was only noted

in five of the infants who received multiple exchange transfusions.

There were no significant differences with respect to birth weight,

gestation, cord haemoglobin or maximal bilirubin values between the

multiply exchanged groups who did and did not develop cholestasis

(Table 5.13). Infants who received a single exchange transfusion in

the neonatal period had a higher cord haemoglobin (p<0.001) and were of

greater gestational age (p<0.01) than the infants who developed

cholestasis. Infants who had a single exchange at birth had a lower

peak bilirubin than the cholestatic group (p<0.01). Those infants who

were treated with phototherapy alone were of significantly greater

gestation (pCO.OOl) and had significantly higher cord haemoglobin



PhototherapySingleExchangeMultipleExchanges BirthNeonatalNonCholestaticCholestatic
(a)(b)(c)(d)(e)
pvalue

Numberof31 infants BirthWeight3.04±0.60 (kg) Gestation (weeks) Cord Haemoglobin (g/di) Cord Bilirubin (ymol/1) Maximum Bilirubin (ymol/1)

38.2±1.7 16.2±2.7 52.5±23.1 200.0±90.2

5

9

3

5

1.66+0.69

3.11±0.55

2.31±0.76

2.38±0.40

33.4±4.8

37.9±1.3

34.3±2.5

34.4±1.8

7.7±2.4

15.7±2.1

11.8±5.2

8.4±2.8

96.0±55.2

93.9±46.5

102.7±45.0
103.8±52.4

174.2±71.2
335.8±52.2

341.0±33.2
360.4±70.3

avb<0.001 ave<0.05 bvc<0.01 cve<0.05 avb<0.001 avd<0.01 ave<0.001 bvc<0.05 cvd<0.05 cve<0.01 avb<0.001 avd<0.05 ave<0.001 bvc<0.001 cve<0.001 avb<0.01 avc<0.01 avd<0.01 ave<0.01 ave<0.001 avd<0.05 ave<0.001 bvc<0.001 bvd<0.05 bve<0.01

TABLE5.13:RHESUSISOIMMUNISATION Valuesareexpressedasmeans±1SD. 53infantswithrhesusisoimmunisationwereadmittedtotheSpecialCareUnit,S.M.M.P.duringthe period1972-1980.Conjugatedhyperbi1irubinaemia(plasmadirectbilirubin>25ymol/l)wasnotedinonly 5outof8infantswhorequiredmultipleexchangetransfusions.Nosignificantdifferenceswerenoted betweentheinfantswhoreceivedmultipleexchangetransfusionswhodidordidnotdevelopcholestasis
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(pCO.OOl), lower cord bilirubin (p<0.01) and lower maximum bilirubin

(p<0.001) values than the cholestatic infants (Table 5.13).

In infants with rhesus isoimmunisation who developed cholestasis

significant elevation of direct bilirubin was noted earlier than in

infants with type A (p<0.01) and type B (p<0.001) cholestasis (Table

5.14). Resolution occurred significantly earlier in the infants with

rhesus isoimmunisation compared to infants with type A cholestasis

(p<0.01) and type B cholestasis (pCO.OOl). There was no significant

difference noted in the maximum bilirubin value reached by infants with

rhesus isoimmunisation who were cholestatic compared to infants with

type A or type B cholestasis.



Number of infants

Rhesus iso-
immunisation

(U

5

Conjugated Hyperbi1irubinaemia

Onset of significant
value (days)

Time to resolution
(days)

2.0±0

25.2±13.6

Peak value (ymol/1) 103.6±57.6

Type A
(b)

12

22.3±11.3

76.9±30.9

60.8±22.1

Type B
TcT~

6

29.8±12.1

132.1±7.1

101.2±9.0

p value

avb<0.01
avc<0.001

avb<0.01
avc<0.001

NS

TABLE 5.14: COMPARISON OF PLASMA DIRECT BILIRUBIN VALUES IN CHOLESTATIC
INFANTS WITH RHESUS ISOIMMUNISATION AND THOSE WITH TYPE A AND
TYPE B CHOLESTASIS

Values are expressed as means ± 1SD.

Plasma direct bilirubin became elevated (>25pmol/l) significantly
earlier in infants with rhesus isoimmunisation compared to the infants who
developed Type A or Type B cholestasis and resolution of the
hyperbi1irubinaemia occurred sooner in the infants with rhesus
isoimmunisation.
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DISCUSSION

During the study period, severe respiratory distress and extreme

prematurity were frequent indications for the use of parenteral

nutrition. Thus the group of patients who received parenteral

nutrition were of lower birth weight and gestation and had lower Apgar

scores at birth than those who were enterally fed. In several infants

a complicated postnatal course resulted in prolongation of parenteral

feeding. Problems encountered included respiratory distress due to

infection, bronchopulmonary dysplasia or cardiac failure as a

consequence of persistent ductus arteriosus. Recurrent apnoea delayed

the establishment of enteral nutrition in some infants and in others

necrotising enterocolitis developed necessitating the continued use of

parenteral nutrition. The patients who received parenteral nutrition

were therefore a high risk group for the development of cholestatic

jaundice.

Premature infants seem more susceptible to the development of

cholestasis (Pereira et al , 1981). Beale et al (1979) reported an

incidence of 50% in infants weighing less than 1kg and in another

series (Sondheimer et al, 1978) of the eight infants with a mean birth

weight of 1.08kg three developed cholestatic jaundice and in seven of

the eight serum conjugates of cholic acid were significantly elevated.

In the study group 14.6% of the infants weighing less than 2.5kg at

birth and 35% of those less than 1.5kg who were parenterally fed

developed cholestasis. The lower incidence reported in some other

series may be due to the heavier more mature infants in those series

(Collins et al, 1977; Pereira et al, 1981)(Table 15.15).



Authors Bealeetal, 1979

Number ofinfants

Incidenceof Cholestasis
62

23%

Birthweight

Indicationsfor Parenteralnutrition
<2kg

IRDS,Apnoea

Manginello& Javitt,1979

24

25%

0.84-3.22kg range

IRDS&surgical

Pereiraetal, 1981

267

8.6%

MeanC:1.57±0.22kgIRDS,NEC, NC:2.90±0.14kgsurgical

Postuma&Trevenen 1979

92

34%

76%<2.5kg

Surgical&medical

Sondheimeretal, 1978
32

1)21.9% 2)0%

Meangroup: 1)1.09±0.30kg2)2.96±0.56kg
Medical&surgical

Vileisisetal, 1980
82

15.9%

Mean2.65kg

IRDS,NEC, surgical

S.M.M.P.

122

14.6%

<2.5kg

IRDS,Apnoea NEC

TABLE5.15:INCIDENCEOFCHOLESTASISINTHEPRESENTSTUDYANDINPREVIOUSLYREPORTEDSERIES C=Cholestatic;NC=Noncholestatic
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The duration of parenteral nutrition was significantly greater in

infants who developed cholestasis, either type A or type B, when

compared with non cholestatic parenterally fed infants. Many authors

have drawn attention to the increased incidence of cholestasis with

prolonged parenteral nutrition (Collins et al, 1977; Pereira et al,

1981; Vileisis et al, 1981a), the incidence increasing rapidly in those

infants who are parenterally fed for longer than two weeks (Collins et

al, 1977; Vileisis et al, 1980). The onset of cholestasis has been

reported to occur between one and six weeks after commencing parenteral

nutrition, and elevation of alanine aminotransferase appears to occur

significantly later than elevation of direct bilirubin (Beale et al,

1979; Postuma & Trevenen, 1979; Vileisis et al, 1981a). Elevation of

alanine aminotransferase activity only occurred in patients with type B

cholestasis and not in infants with type A cholestasis and the

elevation of plasma alanine aminotransferase activity occurred

significantly after the onset of significant plasma direct bilirubin

and plasma bile salt values.

In comparing type A and type B cholestasis there was no

significant difference in the time of onset of elevated plasma bile

salt or direct bilirubin values. No striking differences were noted

between infants with type A or type B cholestasis with respect to

characteristics such as birth weight, gestation, Apgar scores or the

incidence of infection. The duration of parenteral nutrition was

significantly greater in infants with type B cholestasis when compared

to those with type A cholestasis and it is likely that type B is a more

severe form of type A. Following initiation of cholestasis hepatic
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damage may ensue, reflected by an elevation in plasma alanine

aminotransferase activity, resolution of cholestasis being delayed in

this group of patients. Prolonged parenteral nutrition and delay in

the establishment of enteral nutrition may potentiate hepatic

dysfunction.

Parenteral nutrition associated cholestasis appears to be more

prevalent in surgical as opposed to medical patients (Touloukian &

Seashore, 1975; Postuma & Trevenen, 1979), and this higher incidence

has been attributed to the contribution of surgical complications to

the development of bile stasis. None of the patients in the study

group had a surgical condition.

Both congenital and acquired bacterial infection were more

frequent in infants who developed cholestasis compared to non

cholestatic parenterally fed infants and non parenterally fed infants.

The association of conjugated hyperbilirubinaemia and infection,

particularly gram negative bacterial infection, is well described in

infants (Bernstein & Brown, 1962; Hamilton & Sass-Kortsak, 1963) and to

a lesser extent in adult patients (Miller et al, 1976). In a study of

24 parenterally fed infants conjugated hyperbilirubinaemia and elevated

plasma bile salts were only noted in infants who were septicaemic and

both returned to normal with successful treatment of the infection

(Manginello & Javitt, 1979). Pereira et al (1981) noted an increased

incidence of bacterial infection among parenterally fed infants who

developed cholestasis whereas Sondheimer et al (1978) found episodes of

infection to be almost universal in the very low birth weight infants

who were parenterally fed but felt that the incidence of cholestasis in
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this group was more related to prematurity than infection, although an

additive effect of infection could not be excluded. Other workers

(Beale et al, 1979; Vileisis et al, 1980) have been unable to implicate

infection in the development of cholestasis in parenterally fed

infants. In the group studied, a strong association was found between

the occurrence of both congenital and acquired bacterial infection and

the development of cholestasis, indicating that bacterial infection was

a probable aetiological factor in the development of cholestatic

jaundice in these infants.

The potential role of endotoxins in the development of cholestasis

is under investigation. Purified lipopolysaccharides exert a

cholestatic effect on isolated perfused rat liver (Utili et al, 1976)

and the primary effect is on the bile salt independent fraction of bile

flow (Utili et al, 1977a). Experimental evidence suggests that

transport of sodium is a major factor in the elaboration of bile salt

independent flow at canalicular level (Boyer, 1971) and thus bile salt

independent flow may be regulated by Na,K-adenosine triphosphatase

(ATPase) which controls the movement of sodium across membranes.

Utili et al (1977b) demonstrated inhibition of Na,K-ATPase by endotoxin

in canalicular enriched plasma membranes of rat liver. Since

Na,K-ATPase may be responsible for the elaboration of bile salt

independent bile flow, inhibition of this enzyme could be the

underlying mechanism for endotoxin induced cholestasis.

Five infants with cholestasis acquired cytomegalovirus in the

postnatal period. Cytomegalovirus infection is known to be associated

with hepatic dysfunction in the neonate and may be acquired prenatally,
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at the time of birth, or postnatally. Postnatal sources of infection

include secretions such as saliva, urine and breast milk, but another

route of infection is via blood infected with cytomegalovirus (Mowatt,

1979). A wide spectrum of affectation is seen in infants with

acquired cytomegalovirus infection and evidence of hepatic dysfunction

is often present. In a prospective study of postnatally acquired

infection in very low birth weight premature infants, 16 out of 51

infants followed became infected with cytomegalovirus of whom 14

developed a syndrome of hepatosplenomegaly and respiratory

deterioration (Ballard et al, 1979). Infants of seronegative mothers

develop more significant complications following the acquisition of

cytomegalovirus infection. Yeager et al (1981) found fatal or serious

symptoms in 50% of infants of seronegative mothers compared to none in

a group whose mothers were seropositive for cytomegalovirus. Multiple

blood transfusions in the postnatal period appear to be a significant

mode of transmission of cytomegalovirus infection to the low birth

weight infant, particularly in infants of seronegative mothers (Ballard

et al, 1979; Yeager et al, 1981). The use of blood only from

cytomegalovirus-free donors can markedly reduce the incidence of

acquired cytomegalovirus infection (Benson et al, 1979; Yeager et al,

1981). Utilising only cytomegalovirus seronegative blood for

transfusion reduced the prevalence of cytomegalovirus excretion among

hospitalised infants over four weeks of age from 12.5% to 1.8% and

eliminated acquired cytomegalovirus infection in infants of

seronegative mothers (Yeager et al, 1981). In the study group the

infants who developed cholestasis in addition to having a significant
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incidence of acquired cytomegalovirus infection also had a greater

number of red cell transfusions and it is possible that this was the

mode of transfer of infection. The role of cytomegalovirus infection

in the development of the liver disorder is less clear as in all cases

abnormality of liver function was detected before the virus was

isolated. It is possible however, in those infants in whom liver

dysfunction was already present, that this was potentiated by the

acquired cytomegalovirus infection.

The delay in initiating enteral feeding in parenterally fed

infants, more marked in infants developing type B cholestasis, is

another factor which has been implicated in the aetiology of

cholestasis. Rager and Finegold (1975) noted the development of

cholestasis in nine out of 15 premature infants in whom the mean time

of introduction of enteral feeding was 17 days compared to eight days

for those who did not develop cholestasis, and attributed the

cholestasis to delay in the onset of oral feeding. In a later study

Pereira et al (1981) again noted a significant delay in commencing

enteral nutrition in parenterally fed infants who developed

cholestasis. It is known that in dogs insulin-induced hypoglycaemia,

glucagon and gastrin release leads to an augmentation of bicarbonate

and water release by bile ducts and an increase in bile flow (Erlinger,

1972). However, if in infants no milk reaches the intestine and

intravenous glucose only is given, then these hormonal stimuli may be

suppressed and certainly although basal levels of enteroglucagon,

gastrin and motilin all rise steeply during the neonatal period,

premature infants who are not enterally fed do not show this postnatal
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elevation (Lucas et al, 1980a). Bile ducts and ductules may be

capable of a secretory reabsorbtive function probably regulated by

secretin (Erlinger & Dhumeaux, 1974). Persistently high secretin

levels have been found in premature infants not enterally fed for the

first week of life (Lucas et al, 1980b). There is no postprandial

response in secretin values in full term infants until six days of age

and this is delayed in premature infants until 13 days of age, but by

24 days premature infants may show marked elevation of plasma secretin

values following a feed (Lucas et al, 1980b). Contraction of the

sphincter of Oddi diverts bile into the cystic duct and gall bladder

and relaxation allows bile to pass into the duodenum (Sherlock, 1981).

In response to partially digested protein and fatty acid in the

duodenum cholecystokinin is released from the upper intestinal wall and

results in relaxation of the sphincter of Oddi (Sherlock, 1981) whereas

secretin is reported to produce a mixed excitation followed by

inhibition of the sphincter (Geenen et al, 1980) or sphincter

contraction (Sherlock, 1981). In a group of premature infants studied

one to three days after birth no pancreatic response to cholecystokinin

was elicited and after nasojejunal feeding for 30 days although there

was a significant increase in basal duodenal levels of trypsin,

chymotrypsin and lipase in infants fed either a milk based or a soya

based formulae, in the milk fed group there was still no response to

exogenous cholecystokinin (Lebenthal et al, 1981). It is possible

that in addition to lack of pancreatic responsiveness to

cholecystokinin the sphincter of Oddi may also show an impaired

response. Therefore delay in the onset of enteral feeding in
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parenterally fed infants may affect the normal maturation of the gut

hormonal system with secondary effects on bile secretion and flow.

In the patients studied, resolution of the cholestasis occurred at

a mean time of eight (type A) and 15 (type B) weeks after onset, and

most other studies have noted resolution between one and four months

after the detection of hepatic dysfunction (Sondheimer et al, 1978;

Postuma & Trevenen, 1979; Pereira et al, 1981). Manginello and Javitt

(1979) noted resolution of cholestasis despite continuation of

parenteral nutrition but other authors noted progression of liver

dysfunction in those infants who remained on parenteral feeding (Beale

et al, 1979; Pereira et al, 1981) and some (Beale et al, 1979) consider

the development of disordered liver function to be an indication for

the discontinuation of parenteral nutrition.

A major problem in the infant with cholestasis is the maintenance

of adequate nutrition, as bile salts play a major role in the formation

of micelles and intestinal absorption of the products of lipid

hydrolysis, and even normal infants have a decreased bile salt pool and

synthetic rate (Watkins et al, 1973). Fat absorption may be less than

70% of intake in normal low birth weight infants (Katz & Hamilton,

1974) in whom intraduodenal concentrations of bile salts are often low

and below the critical micellar concentration (Watkins et al, 1975).

In balance studies in healthy preterm infants a direct correlation was

found between fatty acid absorption and bile acid excretion (Finley &

Davidson, 1980). In a cross over study, low birth weight infants had

better fat absorption associated with improved weight gain when

supplemented with medium chain triglycerides as compared with long
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chain triglycerides (Roy et al, 1975). In an attempt to improve the

nutritional status of several infants with cholestasis feeds were

supplemented with medium chain triglycerides resulting in improved

weight gain patterns (Figure 5.7).

The view has been expressed that the newborn infant is subject to

physiological cholestasis related to developmental immaturities of bile

salt metabolism and that certain syndromes of cholestasis are simply an

exaggeration of normal developmental deficiencies (Lester, 1980). The

size of the bile salt pool and the rate of bile salt synthesis are

decreased in the neonate when compared with the adult (Watkins et al,

1973) and this reduction is more marked in the preterm infant (Watkins

et al, 1975). In the first few days following birth, serum bile acids

become elevated in comparison with adult values (Heikura et al, 1980;

Suchy et al, 1981), remain high for several months and do not fall to

adult levels until one to two years of age (Barbara et al, 1980;

Heikura et al, 1980; Suchy et al, 1981). Values in preterm infants

are higher than those in term infants (Barbara et al, 1980; Tikanoja et

al, 1981). In contrast to the normal adult pattern of plasma bile

salts where the ratio of chenodeoxycholate:cholate is around 1:1 with

often a preponderance of chenodeoxycholate (Pennington et al, 1977),

during the first four days of life cholate tends to exceed

chenodeoxycholate but by four weeks of age the normal adult ratio is

present (Heikura et al, 1980; Suchy et al, 1981). The progressive

increase in plasma bile salt concentration which occurs over the first

week of life (Heikura et al, 1980; Suchy et al, 1981) corresponds to an

increase in oral feeding and enhanced stimulation of the enterohepatic
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FIGURE 5.7: MEDIUM CHAIN TRIGLYCERIDE SUPPLEMENTATION IN AN INFANT
WITH TYPE B CHOLESTASIS

This 32 week gestation infant (1500g birthweight) had congenital
pseudomonas pneumonia and required parenteral nutrition for 60 days
mainly as a consequence of severe respiratory distress. Cholestasis
developed with a maximal recorded direct bilirubin value of 124ymol/l
at ten weeks of age (maximal alanine aminotransferase activity 174u/l).
The initial growth pattern was satisfactory during the period of
parenteral nutrition but following the introduction of enteral feeding
weight gain fell off markedly. Supplementation with Medium Chain
Triglyceride (M.C.T.) Oil did not result in a significant improvement
but the substitution of Medium Chain Triglyceride Emulsion produced
satisfactory weight gain. It was postulated that in this infant, who
had significant gastrooesophageal reflux, the M.C.T. Oil tended to
separate to the surface of the milk in the stomach and that it was this
fraction which was refluxed predominantly.
SMA: SMA Gold Cap Formula
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circulation (Suchy et al, 1981). Although an enterohepatic

circulation may exist in utero (Jackson et al, 1971) it is likely that

only minimal cyclical responses occur until feeding is well

established. Following a feed an exaggerated rise in serum cholate

levels occurs in infants in contrast to older children (Suchy et al,

1981) and this rise is more marked in preterm infants (Tikanoja et al,

1981). This exaggerated postprandial response may reflect delayed

clearance by the liver, and elevated levels of plasma bile salts at a

time of reduced pool size and relatively inefficient conservation by

the intestine (de Belle et al, 1979) also suggest impaired hepatic

transport. The postprandial response in chenodeoxycholate is similar

in infants and older children and the lack of an exaggerated rise in

this bile salt may be due to the smaller calculated bile pool size of

this bile acid during the first few months of life (Heubi & Balistreri,

1980).

Developmental differences in bile acid synthesis may further

predispose the infant to cholestasis. Normal human meconium contains

lithocholate (Back & Walter, 1980) which is formed by

7a-dehydroxylation of chenodeoxycholate but is also an intermediate in

the alternative pathway of bile acid metabolism (Mitropoulos & Myant,

1967). Lithocholate has been demonstrated to be hepatotoxic in many

animal models (Javitt, 1966; Javitt & Emerman, 1968; King &

Schoenfield, 1971; Palmer, 1976) and although the histological changes

are variable and species dependent, proliferation of bile ducts and

ductules appears to be a consistent feature (Palmer, 1976).

Physiologically the principal effect of lithocholate is to reduce the
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bile acid independent flow (King & Schoenfield, 1971). Sulphation

increases the solubility of lithocholate in water and assists its

excretion and Javitt (1973) has shown that sulphated conjugated

lithocholate has no apparent cholestatic effect and that even sulphated

unconjugated lithocholate is much less cholestatic than free bile acid.

In normal infants 40-60% of total bile acids and 80-90% of lithocholate

appear to be sulphatcd (Watkins et al, 1976) but Jenner and Howard

(1975) proposed that impaired hepatic sulphation may allow accumulation

of toxic monohydroxylated bile acids in the developing liver. Another

metabolite of the alternative pathway, 3g-hydroxy-5-cholenoate has been

demonstrated in meconium (Back & Walter, 1980) and again this is a

powerful inhibitor of bile flow both in perfused liver and in the

intact animal (Javitt, 1972).

Alio bile acids are derivatives of 5a-cholanic acid, analogues of

the commoner 5g-bile acids, which are more prevalent in lower species

(Elliot, 1976). Back and Walter (1980) have detected several atypical

bile acids in meconium, including alio bile acids. Monohydroxy

5g-bile acids such as lithocholate are known to induce cholestasis in

animals but allomonohydroxy bile acids have an even greater potential

for producing cholestasis and sulphation does not appear to protect

against the cholestatic effect of these al1omonohydroxy bile acids

(Vonk et al, 1981).

Bilirubin itself may be hepatotoxic and following the prior

administration of manganese in the rat bilirubin becomes a potentially

cholestatic agent and causes a reduction in bile flow and morphologic

changes similar to those seen in human liver in cholestasis (Witzleben,
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1971). This bilirubin induced cholestasis varies in severity in

relation to the amount of bilirubin administered (Boyce & Witzleben,

1973). Rhesus isoimmunisation is known to be associated with

conjugated hyperbilirubinemia in 8-10% of cases (Dunn, 1963) and

infants with the more severe forms of the disease appear more

susceptible. In the infants previously considered only those who had

received multiple exchange transfusions became cholestatic. No

significant differences were noted in the infants in the multiple

exchange group who did and did not develop cholestasis with regard to

cord haemoglobin, cord bilirubin or maximal bilirubin values. Infants

with cholestasis in the multiple exchange group did have a lower mean

cord haemoglobin than the infants who had a single neonatal exchange

but not lower than those who had a single transfusion at birth and this

does not lend support to the theory that initiation of cholestasis is

due to anoxia or cardiac failure (Dunn, 1963). Nor was there any

significant difference in the maximum bilirubin reached in the infants

with and without cholestasis, making it unlikely that a high level of

bilirubin alone leads to the development of cholestasis in these

infants.

Hepatotoxic effects of the infused solutions used in parenteral

nutrition have been implicated in the development of cholestasis in

infants receiving parenteral nutrition and it has been suggested that a

high protein intake or excessive amino acid infusions may be toxic

(Touloukian & Seashore, 1975; Bernstein et al, 1977). In perfused rat

liver in situ amino acid infusion can result in a marked anticholeretic

effect with a significant relationship between bile flow and the amount
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of amino acid infused (Preisig & Rennert, 1977). Pereira et al (1981)

noted a comparable amino acid intake in infants with and without

cholestasis but in a prospective controlled study, although no

significant difference in the incidence of cholestasis was noted on a

high (3.6g/kg/day) 'protein' intake compared to a low (2.3g/kg/day)

intake, infants on the high intake developed conjugated

hyperbilirubinaemia significantly earlier (Vileisis et al , 1980). The

regimen used during the study period provided 1.5-3g/kg/day amino acid

at a fluid intake of 100-200ml/kg/day.

Deficiency of specific amino acids has also to be considered as

potentially significant in the aetiology of cholestasis. Bile salts

are mainly conjugated with taurine during infancy but the preterm

infant seems unable to synthesise taurine adequately (Sturman et al,

1976) and parenterally fed infants have been shown to have persistently

low taurine levels despite increased cystine (Rigo & Senterre, 1977).

Dietary taurine concentration affects bile acid conjugation (Jarvenpaa

et al, 1980) and it is possible that a reduction in bile flow may

result from the alteration in the percentage of taurine conjugated bile

salts. In premature infants fed according to the regimen used in the

study, mean taurine levels were higher than in comparable premature

milk fed infants (Hume et al, 1981). No significant abnormalities

were noted in the amino acid patterns of the study infants who

developed cholestasis.

Hyperammonaemia has also been described in infants receiving

parenteral nutrition (Johnson et al, 1972) but ammonia levels in

infants studied were not elevated and in many instances were lower than
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those found in healthy enterally fed preterm infants (Hume, personal

communication, 1982).
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SUMMARY

Hepatic dysfunction occurs frequently among infants who have received

parenteral nutrition. It is probably multifactorial in origin. In

this series a strong association has been demonstrated between

bacterial infection and the development of cholestasis. More immature

infants receiving prolonged alimentation appear to be at greatest risk.

The possibility that development of cholestasis is related to delay in

the onset of enteral nutrition with subsequent effects on gut hormonal

maturation cannot be excluded. Previously it has been considered that

measurement of plasma direct bilirubin, alanine aminotransferase

activity and alkaline phosphatase activity could be used to monitor

parenteral nutrition associated hepatic dysfunction. Measurement of

plasma bile salt values in adults and children is considered to be an

early and sensitive indicator of hepatic damage (Korman et al, 1974;

Matsui et al, 1982) but in this study no significant differences were

noted in the time at which plasma bile salts reached significant values

or returned to normal when compared with direct bilirubin measurements.

Therefore plasma bile salts did not appear to provide an earlier

indicator of hepatic dysfunction in this group of patients. Elevation

of plasma alanine aminotransferase activity occurs later than the

increase in direct bilirubin or plasma bile salt values and thus is not

of value initially in detecting hepatic dysfunction. However once

conjugated hyperbi 1 irubinaemia has developed, plasma alanine

aminotransferase activity should be monitored, at least until plasma

direct bilirubin measurements have returned to normal, in order to

detect those infants in whom more severe hepatic dysfunction develops.
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Although plasma alkaline phosphatase activity has been advocated as a

measure of abnormal liver function during parenteral nutrition in view

of the increased incidence of rickets particularly among preterm

infants receiving parenteral nutrition (Glass et al, 1982) this would

appear to be of little value in the absence of isoenzyme studies.

Infants receiving parenteral nutrition require regular monitoring of

liver function and this would appear to be best done by plasma direct

bilirubin measurements.
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CHAPTER 6

A COMPARISON BETWEEN TWO MODES
OF FEEDING IN THE PRETERM INFANT

INTRODUCTION

Adequate nutrition of the preterm infant is important for immediate

survival (Heird et al, 1972) and has significant implications for

subsequent growth (Drillien, 1964; Shaw, 1973; Dobbing, 1981) and

development (Drillien, 1964; Lubchenko et al, 1972; Dobbing, 1981).

The preterm infant loses weight (Shaw, 1973) and goes into negative

nitrogen balance from the time of birth and an infant born for example

at 28 weeks gestation would survive for only three or four days if

supplied with water alone (Cockburn et al, 1981). The developing

brain is very susceptible to undernutrition and this vulnerability is

closely related to the stage of development (Dobbing, 1981). The

human brain passes through a growth spurt which lasts from midgestation

into the second postnatal year (Dobbing & Sands, 1973; Dobbing, 1981)

and severe malnutrition in infancy produces physical changes in the

brain and in addition has adverse effects on psychomotor development

(Winick, 1969) which persist for several years after clinical and

biochemical recovery (Cravioto, 1980). It is not known to what extent

the brain of the very low birth weight infant is affected during

periods of poor postnatal growth which correspond with the accelerating

phase of the brain growth spurt but there is evidence that an initially

low caloric intake is associated subsequently with central nervous

system handicap, learning difficulties and a reduction in IQ (Drillien,

1964; Lubchenko et al, 1972).
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Nutritional assessment includes estimation of the adequacy of

intake, evaluation of nutrient assimilation, measurement of body size

and estimation of biochemical parameters (Reimer et al, 1980; McLaren,

1982). Evaluation of growth is important in judging the adequacy of

nutrition in early postnatal life (Davies, 1981) and the parameters

commonly monitored are weight, length and head circumference. Weight

is easy to measure but variations in weight may be related to fluid

changes (Brans et al, 1976) and some consider length to be a more

useful indicator of growth (Day et al, 1976; Davies, 1981). More

precise information regarding nutritional status may be provided by

measurements of body composition such as lean body mass and total body

fat (James, 1981). Indices of muscle mass such as upper arm muscle

circumference (Gurney &Jeliffe, 1973) are relatively sensitive

measures of total body protein (James, 1981) and body fat can be

evaluated by measuring skin fold thickness at various sites (Edwards et

al, 1955).

It is considered by many that nutritional management of the

preterm infant should allow the early postnatal resumption of growth at

a rate which mirrors foetal growth over the equivalent intrauterine

period (Shaw, 1973; American Academy of Pediatrics Committee on

Nutrition, 1977; Davies & Evans, 1978). Following the transition from

intrauterine to extrauterine life the intrauterine growth rate should

continue until the beginning of the deceleration period prior to the

expected date of delivery and thereafter growth should equate to that

of the full term infant following delivery (Davies, 1981). The rate

of intrauterine growth is affected by many factors such as race,
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socioeconomic status, geographical position and the intrauterine

standard used should be that closest to the infants under consideration

(Davies, 1981). Reference standards for intrauterine growth for

preterm infants have been compiled for weight, length and

occipitofrontocircumference (Lubchenko et al, 1963, 1966; Usher &

McLean, 1969; Babson et al, 1970; Tanner & Thomson, 1970; Gairdner &

Pearson, 1971; Kitchen et al, 1981).

Optimal nutrition depends on adequate energy retention for

metabolism and growth and the importance of an early caloric intake for

the preterm infant has been emphasised (Smallpeice & Davies, 1964;

Lubchenko et al, 1972). Energy requirements are affected by many

factors including weight (Sinclair et al, 1967) caloric intake (Bhakoo

& Scopes, 1974) growth rate (Brooke et al, 1979; Chessex et al, 1981)

thermal environment (Glass et al, 1969, 1975; Davies & Davis, 1970) and

activity (Brooke et al, 1979). Energy retention in preterm infants is

affected by the efficiency of digestion and absorption of nutrients,

particularly fat (Sinclair et al, 1980). The ability of the preterm

infant to absorb fat is decreased compared with the term infant

(Koldovsky, 1978), and in addition the type of fat in the diet is

important as human milk fat and vegetable fat are absorbed better than

butter fat (Shaw, 1976). Energy retention in healthy preterm infants

is 80-86% of dietary intake and increases with increasing postnatal age

(Brooke et al, 1979; Sinclair et al, 1980). Nutrient intake in the

infant must provide not only for energy and tissue replacement but also

for growth. At zero growth rate the maintenance energy requirement of

the preterm infant is 64kcal/kg/day and assuming no change in body
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composition the metabolisable energy intake required is 83.5kcal/kg/day

(Brooke et al, 1979). In the growing infant a small part of basal

energy expenditure represents the energy cost of growth, the other

larger part of the energy cost of growth consisting of energy stored in

growing tissues (Sinclair et al, 1980). The contribution of energy

storage to overall energy balance is small except when growth is rapid

(Sinclair et al, 1980). Brooke et al (1979) found that the

metabolisable energy required for growth was 4.4kcal/g and each gramme

of weight gain was associated with energy storage of 3.7kcal.

The optimal protein requirement for the enterally fed preterm

infant is between 2.5-5g/kg/day for cow's milk formulas (Barness, 1975;

American Academy of Pediatrics Committee on Nutrition, 1977; Burman,

1982). Studies have shown that a dietary intake of less than 2g

protein/kg/day is associated with impaired weight gain (Davidson et al,

1967; Babson &Bramhall, 1969) and linear growth (Babson & Bramhall,

1969) and an intake in excess of 6g/kg/day with an increase in plasma

urea (Davidson et al, 1967) and metabolic acidosis (Barness, 1975).

It is recommended that formulas for the low birth weight infant should

contain 40-50% of the caloric content as fat (American Academy

Committee on Nutrition, 1977). Dietary carbohydrate helps to provide

energy and is necessary for the synthesis of nucleic acids (Burman,

1982). Lactose is the predominant carbohydrate in breast milk

providing a source of both glucose and galactose. In addition to the

provision of calories, carbohydrate, nitrogen and fat, minerals,

electrolytes and vitamins are also necessary for satisfactory

nutrition.
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In utero, following the establishment of the placental

circulation, the foetus derives nutrients via the umbilical vessels

(Widdowson, 1981a). After delivery, the healthy full term infant

receives sufficient nutrients from an adequate volume of breast milk or

artificial milk formula (Burman, 1982). The mode of feeding in the

preterm infant is limited by the fact that although a sucking reflex

may be present at 26 weeks gestation the mature suck-swallow pattern

develops somewhat later (Grybowski, 1965, 1969) and in most preterm

infants of less than 33-34 weeks gestational age breast or bottle

feeding is not initially possible (Roberton, 1979; Burman, 1982).

Neonatal gastric motility is low (Roberton, 1979) and gastric emptying

is delayed in sick preterm infants (Heird &Driscoll, 1975; Roberton,

1979). There are four standard methods of feeding the preterm infant:

nasogastric feeding; transpyloric feeding; parenteral supplementation

of enteral intake, and total parenteral nutrition. Nasogastric

feeding is the simplest of these methods and milk may be given by

intermittent bolus or continuous infusion. Nasogastric feeding in the

preterm infant may exacerbate respiratory distress (Yu, 1976) or

precipitate aspiration pneumonia (Wharton & Bower, 1965). In preterm

infants with respiratory distress feeding produces an increase in

respiratory rate (Yu & Rolfe, 1976) decrease in p02 (Yu, 1976) and a

decrease in functional residual capacity (Pitcher-Wilmott et al, 1979).

The reduction in p02 is related to the volume administered

nasogastrically (Yu, 1976) and administration of milk by continuous

infusion or as small intermittent boluses may diminish the adverse

effects (Yu, 1976; Pitcher-WiImott et al, 1979). There is also a
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significant increase in nasal resistance and total airways resistance

when a nasogastric tube is in situ (Stocks, 1980). Transpyloric

feeding overcomes some of the respiratory problems by delivering milk

feed beyond the pylorus to the duodenum or jejunum. Rhea and Kilby

(1970) reported the use of transpyloric feeding in paediatric patients

and subsequently described an improved technique for nasojejunal

feeding (Rhea et al, 1973). This improved technique involved nasal

insertion of a small silastic catheter enclosed in a more rigid open

ended catheter, the end of the silastic catheter being weighted with a

small gold bead. The silastic catheter surrounded by the outer

catheter was inserted into the stomach and the infant placed on the

right side in order to facilitate passage of the tube through the

pylorus. Once the tube was in position in the jejunum the outer

catheter was removed and the silastic tube fixed in position. Cheek

and Staub (1973) described a simpler technique without an outer

catheter using a polyvinyl chloride (PVC) tube. However the use of

PVC tubes was associated with intestinal perforation (Boros & Reynolds,

1974; Chen & Wong, 1974; Loo et al, 1974) and more recently silastic

tubes having a weighted end but no outer catheter have been used (Hyde,

1978; Beddis & McKenzie, 1979; Dryburgh, 1980). Transpyloric feeding

has been found to be well tolerated in patients with a variety of

problems (Rhea et al, 1973; Cheek & Staub, 1973; Hyde, 1978; Minoli et

al, 1978; Beddis & McKenzie, 1979; Dryburgh, 1980) and has been

employed in infants requiring ventilation (Dryburgh, 1980) although

difficulties have been experienced in infants receiving IPPV via a face

mask (Wells & Zachman, 1975; Beddis & McKenzie, 1979).
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Several studies have compared the value of nasogastric and

transpyloric feeding in preterm infants (Wells & Zachman, 1975; Van

Caillie & Powell, 1975; Drew et al, 1979; Pereira & Lemons, 1981;

Whitfield, 1982). In infants weighing less than 1500g at birth Wells

and Zachman (1975) demonstrated better early weight gain associated

with improved fluid and caloric intake in infants fed by continuous

nasojejunal infusion compared with those who received intermittent

nasogastric feeds. These benefits were confirmed in a comparative

study of continuous nasogastric versus continuous nasoduodenal feeding

in infants of less than 1300g birth weight (Van Caillie & Powell,

1975). However, other authors dispute the value of transpyloric

feeding and when intermittent nasogastric feeding was compared with

continuous nasoduodenal feeding in infants of less than 1700g no

significant differences were noted between the groups in growth

parameters or caloric intake after the fourth day of age (Pereira &

Lemons, 1981). Although the latter study included heavier infants

than the two previously quoted (Van Caillie & Powell, 1975; Wells &

Zachman, 1975) the mean birth weights of the infants in the three

studies did not differ significantly. In another study no beneficial

effects on growth were noted in the infants fed nasojejunally and fewer

calories were administered to these infants compared to those fed

nasogastrically (Drew et al, 1979). Whitfield (1982) found a

significantly lower weight velocity in infants fed nasojejunally

compared to those fed nasogastrically despite an equivalent caloric

intake. Complications associated with transpyloric feeding include

intestinal perforation (Boros & Reynolds, 1974; Chen & Wong, 1974; Sun
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et al, 1975; Perez-Rodrigues et al, 1978) and intussusception (Chen &

Wong, 1974) but these problems were mainly related to the earlier use

of polyvinyl chloride tubes which harden rapidly after placement (Boros

& Reynolds, 1974) and have only rarely been described in association

with silastic tubes (Perez-Rodri gues et al, 1978). Necrotising

enterocolitis has been reported in infants receiving transpyloric

feeding (Heird, 1973; Beddis & McKenzie, 1979; Dryburgh, 1980).

Necrotising enterocolitis commonly occurs in preterm infants weighing

less than 1500g at birth with possible aetiological factors including

birth asphyxia, umbilical catheterisation and persistent ductus

arteriosus (Sweet, 1980; Stol 1 et al, 1980). There appears to be a

temporal relationship to the initiation of feeding (Sweet, 1980) and

necrotising enterocolitis is rare in infants who have never been fed

(Stol 1 et al, 1980). However, it occurs not only in infants fed

transpylorically but also in those fed nasogastrically (Yu et al, 1979)

and the role played by transpyloric feeding in a condition of probable

multiple aetiology is difficult to assess. Diarrhoea, usually of a

transient nature, occurs fairly commonly in infants receiving

transpyloric feeding (Van Caillie & Powell, 1975; Hyde, 1978; Dryburgh,

1980) and is occasionally due to unintentional passage of the feeding

tube into the distal small intestine (Hyde, 1978). Alteration in

bacterial flora in the duodenum associated with prolonged intubation

has also been described (Chal1acombe, 1974). Impaired fat absorption

has been noted in preterm infants receiving nasojejunal feeding (Roy et

al, 1977) but not in those fed nasoduodenally (Van Caillie & Powell,

1975).
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Intravenous feeding may be used in infants to supply all

nutrients, total parenteral nutrition, or to supplement enteral intake.

The feasibility and nutritional effectiveness of parenteral nutrition

has been demonstrated in full term (Wilmore & Dudrick, 1968) and

preterm (Peden & Karpel, 1972; Heird et al, 1972) infants. In the

preterm infant severe respiratory distress and gastrointestinal

immaturity may limit the availability of calories for survival and

growth and early studies indicated that intravenous infusion of glucose

in low birth weight infants decreased neonatal mortality (Cornblath et

al, 1966) reduced catabolism and avoided caloric deprivation (Auld et

al, 1966). Careful consideration has to be given to the fluid volumes

administered to the preterm infant as renal function is initially

immature (Arant, 1978) and the ability to excrete a water load,

particularly in the first week of life, is limited (Ames, 1953). In

addition the administration of a high fluid intake predisposes the

preterm infant to the development of necrotising enterocolitis (Bell et

al, 1979) and symptomatic persistent ductus arteriosus (Bell et al,

1980a). For an equivalent fluid volume total parenteral nutrition

provides a higher caloric intake than enteral feeding (Hume et al,

1981) and the caloric requirements for growth are greater for an

enterally fed infant than for an infant receiving total parenteral

nutrition. The dietary requirement for an enterally fed preterm

infant is 50-100kcal/kg/day during the first week of life (Burman,

1982) and 110-150kcal/kg/day thereafter (American Academy of Pediatric

Committee on Nutrition, 1977; Burman, 1982) whereas growth has been
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achieved with a parenteral intake of 60-88kcal/kg/day (Coran, 1973;

Anderson et al, 1979).

Total parenteral nutrition consists of an infusion of glucose for

calories and a protein hydrolysate or a mixture of crystalline amino

acids as a source of nitrogen. In addition fat emulsion may be given

to prevent essential fatty acid deficiency and can be used as a major

calorie source (Cockburn, 1976). Minerals, electrolytes and vitamins

are also required. Glucose is the carbohydrate of choice as it is an

immediately available energy source and in addition has an anabolic

effect due to the stimulation of insulin production (Cockburn, 1977).

Glucose solutions of 10-50% concentration have been utilised, high

concentrations being used mainly when fat was not available as an

energy source (Wilmore et al, 1969). Many preterm infants develop

hyperglycaemia if the infusion rate of glucose exceeds 6-8mg/kg/min

(Dweck & Cassady, 1974; Cowett et al, 1979) with stressed infants

(Lilien et al, 1979) who are less than 48 hours old (Miranda & Dweck,

1977) and of very low birth weight (Lilien et al, 1979) being most

susceptible. In addition the availability of lipid may promote an

increase in blood glucose concentration (Viliesis et al, 1982).

Careful monitoring of blood glucose during glucose infusion is

essential particularly during the first 48 hours of life to avoid the

consequences of severe hyperglycaemia such as fluid and electrolyte

losses (Stonestreet et al, 1980). A source of nitrogen is required

for growth (Cockburn, 1976) and in preterm infants duplication of the

intrauterine accretion rate of nitrogen has been achieved with an

intake of 0.43-0.56g/kg/day (Zlotkin et al, 1981). Nitrogen retention
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depends not only on the quantity of nitrogen supplied but also on the

amount of non protein energy in the diet, and increasing the nitrogen

intake at low energy input has no effect on nitrogen retention in

contrast to a high energy input where an increase in nitrogen intake is

associated with improved nitrogen retention (Zlotkin et al, 1981).

Early sources of nitrogen for parenteral infusion based on acid or

enzyme hydrolysates of casein or fibrin were associated with problems

as up to one third of amino acids were in the form of small peptides

and the hydrolysates had a high ammonia content (Hume et al, 1981).

The production of crystalline amino acids overcame some of the

difficulties but available amino acid preparations are still not ideal

for young growing infants and amino acid infusion may produce

acidaemia, osmotic diuresis and hyperammonaemia (Hume et al, 1981).

An amino acid intake of 2.5g/kg/day (0.3g/kg/day nitrogen) has been

recommended for the preterm infant (Grotte et al, 1982). Fat is a

high energy source and emulsified isotonic preparations of vegetable

oil in water are available for parenteral use. These contain a

concentrated energy supply in a small volume and also provide essential

fatty acids (Cockburn, 1977). Studies suggest that Intralipid, a

commercially available fat preparation, is safe for use in preterm

infants (Cohen et al, 1977) and the metabolic fate of Intralipid is

similar to that of naturally occurring chylomicrons (Hallberg, 1965).

There is decreased clearance of fat from plasma in preterm infants

(Andrew et al, 1976a; Shennan et al, 1977) and in small for gestational

age infants compared with those appropriate in size for gestation

(Andrew et al, 1976a). Hyperlipidaemia develops if the rate of lipid



167

infusion exceeds the clearance rate and the consequences of this are

unknown but may include altered pulmonary function (Friedman et al,

1978), accumulation of fat in pulmonary capillaries (Levene et al,

1980) and fat deposition in macrophages (Koga et al, 1975; Passwell et

al, 1976). There has also been concern regarding possible

displacement of albumin bound bilirubin by free fatty acid, the

concentration of which increases during Intralipid infusion (Andrew et

al, 1976a, 1976b). It has been advised that preterm infants should

receive l-2g/kg/day fat during the first few days of life (Grotte et

al, 1982) and 3-4g/kg/day thereafter (Kerner & Sunshine, 1979; American

Academy of Pediatrics Committee on Nutrition, 1981; Grotte et al, 1982)

caution being advocated in the presence of bacterial infection,

pulmonary disease and hyperbi1irubinaemia. During intravenous lipid

therapy plasma triglycerides should be monitored and visual assessment

of plasma turbidity carried out (Kerner & Sunshine, 1979; Grotte et al,

1982).

Parenteral nutrition may be administered through a central venous

or umbilical arterial catheter (Driscoll et al, 1972; Peden & Karpel,

1972; Heird & Driscoll, 1975; MacMahon et al, 1975; Hall & Rhodes,

1976) or via a peripheral vein (Benda & Babson, 1971; Coran, 1973;

Heird & Driscoll, 1975). The use of peripheral veins has been

questioned as the high osmolalities of the solutions required to ensure

a reasonable volume of infusate produce a sclerosing effect limiting

the duration of infusion sites, and extravasation of infusate results

in tissue damage (Heird & Driscoll, 1975). Central catheters allow

the infusion of solutions of greater osmolality (Grotte et al, 1982)
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and can remain in position for many weeks if necessary. Acquired

bacterial and fungal infections are well recognised complications of

parenteral nutrition (Driscoll et al, 1972; Bryan et al, 1973; Brans et

al, 1974a) but the incidence of infection can be reduced by careful

attention to technique (Sanders & Sheldon, 1976). Catheter related

complications include pneumothorax, intrapleural infusion, catheter

displacement and vessel perforation (Shenkin &Wretlind, 1978).

Hyperglycaemia (Dweck & Cassady, 1974), metabolic acidosis (Driscoll et

al, 1972; Brans et al, 1974a) and hyperammonaemia (Johnson et al, 1972)

are some of the metabolic problems encountered and in addition hepatic

dysfunction has been reported in parenterally fed infants (Touloukian &

Seashore, 1975; Sondheimer et al, 1978; Postuma & Trevenen, 1979;

Viliesis et al, 1980). Regular monitoring of biochemical parameters,

bacteriological sampling and clinical assessment are necessary to

anticipate problems and reduce the effects of complications (Kerner &

Sunshine, 1979; Reimer et al, 1980; Grotte et al, 1982).

Parenteral nutrition may be used to supplement enteral intake in

preterm infants (Benda & Babson, 1971; Cashore et al, 1975) and the use

of supplementary glucose solution alone may be considered conventional

feeding practice (Heird & Driscoll, 1975). The combination of glucose

and amino acid solutions with or without lipid emulsion allows a

smaller volume of feed to be given nasogastrically thus reducing the

risk of aspiration (Bryan et al, 1973; Pildes et al, 1973; Cashore et

al, 1975) and using this technique in preterm infants Cashore et al

(1975) noted increases in weight, length and OFC which equalled

intrauterine growth.
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Various studies have been undertaken to assess the value of total

parenteral nutrition (Gunn et al, 1978; Yu et al, 1979) and

supplemental parenteral nutrition (Bryan et al, 1973; Pildes et al,

1973; Brans et al, 1974a; Abitbol et al, 1975) when compared with

conventional feeding regimens. In infants weighing less than 1300g at

birth the effect of supplementing oral feeding with intravenous glucose

solution alone was compared to supplementation with glucose and fibrin

hydrolysate (Bryan et al, 1973) and despite no difference in caloric

intake the infants receiving the nitrogen-containing supplement

regained their birth weight sooner. Pildes et al (1973) compared

supplementation with 10.5% glucose and 3.4% FreAmine with 5% dextrose

alone in infants of less than 1500g birth weight. Infants of

1250-1500g regained their birth weight sooner and those of 1000-1500g

had a significantly greater weight gain over the first three weeks of

life if given the nitrogen supplementation. Brans et al (1974a) who

demonstrated better weight gain in nitrogen supplemented infants but

found no effects on length and skinfold thickness considered that the

weight gain represented fluid retention.

Although there are many reports of the feasibility of total

parenteral nutrition in preterm neonates (Driscoll et al, 1972; Peden &

Karpel, 1972; McMahon et al, 1975; Hall & Rhodes, 1976) few controlled

studies have been undertaken to compare total parenteral nutrition with

enteral nutrition (Gunn et al, 1978; Yu et al, 1979). Gunn et al

(1978) studied 40 preterm infants (mean gestational age 32 weeks) with

respiratory distress, half of whom received glucose electrolyte

solution and half a combination of glucose solution, casein hydrolysate
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and lipid emulsion. In both groups of infants enteral nutrition was

commenced when respiratory distress had settled. No difference was

noted in the time to regain birth weight but the caloric intake in the

group receiving total parenteral supplementation was greater during the

first week of life. No difference in mortality rate was noted between

these two groups of infants (Gunn et al, 1978) nor in a further

comparative study of infants of less than 1200g birth weight (Yu et al,

1979). In this latter study of 34 preterm infants total parenteral

nutrition during the first two weeks of life was compared with

intermittent nasogastric feeding supplemented with intravenous glucose

electrolyte solution as necessary. The parenteral group had a higher

nitrogen intake and better weight gain in addition to a lower incidence

of necrotising enterocolitis than the nasogastrically fed group.

Adequate nutrition of the very low birth weight preterm infant is

necessary for immediate survival and for optimal growth and

development. It may be difficult at least initially to achieve this

aim by the enteral route in view of the limitations imposed by the

immature gastrointestinal tract and the respiratory complications

associated with tube feeding. Many of these respiratory problems may

however be overcome by delivering the milk feed beyond the pylorus.

The use of total parenteral nutrition allows a higher caloric intake

per unit volume than enteral feeding and avoids the respiratory

problems but the techniques involved in total parenteral nutrition are

relatively complicated and extensive biochemical and bacteriological

monitoring is necessary. In this study in infants of less than 1500g

birth weight a parenteral nutrition regimen with the gradual
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introduction of enteral feeding to hopefully stimulate the maturation

of the gastrointestinal system, was compared with a transpyloric

feeding regimen. The growth of these infants from birth until the

expected date of delivery or time of discharge from hospital was

studied and the difficulties and complications experienced with the two

techniques documented. The main objective of the study was to

ascertain whether or not the routine use of this parenteral nutrition

regimen had major benefits over the transpyloric regimen in very low

birth weight preterm infants.
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PATIENTS AND METHODS

During the period January 1981 to January 1982 all infants with birth

weights between 750-1500g admitted to the Special Care Unit, Simpson

Memorial Maternity Pavilion, Edinburgh, within 24 hours following

delivery were considered for entry into the study. Infants with

significant congenital malformations were excluded. Following

informed parental consent the infants were allocated alternately to the

parenteral or enteral feeding group. Enteral feeding or the

administration of intravenous fluids was commenced as soon as possible

after admission in the enteral and parenteral groups respectively.

In infants in the enteral group a 5FG silastic nasoduodenal tube

was passed, the procedure normally taking 30 minutes. The infant was

restrained gently in a blanket if necessary during the procedure and

transcutaneous monitoring of p02 was carried out whenever possible.

The nasoduodenal tube was measured from the infant's chin to heel and a

marker placed at this measurement plus 2cm. A further measurement of

nasogastric distance was obtained by taking the distance from the

nostril to the left hypochondrium via the left external auditory

meatus. The nasoduodenal tube was then passed via one nostril into

the stomach and the tube fixed to the nose with micropore tape. A 5FG

nasogastric tube was then passed and fixed separately to the nose.

The nasoduodenal tube was gently aspirated and the aspirate, if

obtained, tested with litmus paper. When it was established that the

nasoduodenal tube was in the stomach the infant was placed in the right

semi prone position and the nasoduodenal tube slowly advanced until the

marker was 2cm from the nostril. Confirmation of the position of the
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nasoduodenal tube was sought by attempted aspiration of bile. If no

aspirate was obtained 4m1 sterile water was injected down the

nasoduodenal tube and the nasogastric tube then aspirated. If no

water was obtained via the nasogastric tube the nasoduodenal tube was

assumed to be in the duodenum. Once in position both nasogastric and

nasoduodenal tubes were fixed separately to the infant's nose using

Sleek tape. The nasoduodenal tube was then coiled loosely and the

coils taped together leaving 20-30cm free at the distal end. The

coiled tube was then placed between two layers of a tubegauze hat and

the end was led through a hole in the top of the hat connected by an

anaesthetic extension set to the syringe of milk for infusion. If it

was not possible to pass a nasogastric tube through the same nostril as

the nasoduodenal tube an orogastric tube was passed 3-hourly for

aspiration purposes. Nasoduodenal tubes were not replaced routinely

but nasogastric tubes were changed weekly. The anaesthetic extension

set was changed daily and the syringe and remaining milk discarded

3-hourly. During the time that a nasoduodenal tube was in situ

infants were nursed in tubegauze hats and mittens in an attempt to

reduce the risk of the tube becoming dislodged. Once the tube was

considered clinically to be in position feeding was commenced but

confirmation of the tube position was always obtained radiologically

thereafter. The optimum position of the nasoduodenal tube was

considered to be in the third part of the duodenum (Dryburgh, 1980).

The milk used was preferentially fresh expressed breast milk from the

infant's own mother but if this was not available SMA Gold Cap formula

(Wyeth Laboratories) was substituted. Milk was drawn up into a 50ml
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plastic syringe and infused using an infusion pump. In June 1981

routine calcium supplementation of milk was commenced with the addition

of 5ml 10% calcium gluconate solution per 100ml milk. In addition

sodium chloride was also added in accordance with the infant's

requirements. The infusion was commenced at a rate of lml/hour and

increased by lml/hour at 6-hourly intervals until planned fluid

requirements were reached. During nasoduodenal feeding aspiration of

the nasogastric tube was carried out 3-hourly. If the aspirate was

less than 5ml this was replaced via the nasogastric tube and if greater

5ml was replaced via the nasogastric tube and the remainder via the

nasoduodenal tube. The finding of a large gastric aspirate was

considered to indicate possible displacement of the nasoduodenal tube

and the position was therefore checked. Following admission to the

Special Care Unit a peripheral venous line was established in the

enteral group infants and dextrose electrolyte solution (Low Sodium

Cocktail: Appendix I) administered to complete the infant's fluid

requirements until full enteral feeding was established. Once enteral

feeding was established intravenous fluids were discontinued but if

subsequently the nasoduodenal tube was out of position for more than

two hours dextrose electrolyte solution was infused until the

nasoduodenal tube was in position and feeding re-established.

Infants in the enteral group were supplemented with Ketovite

Liquid 2ml/day (Paines & Byrne) : Ketovite Tablet 1/day (Appendix II)
and Calciferol Solution BP providing 300iuVitamin D2/day. Ferrous

sulphate BP 30mg BD was given to all infants from three weeks of age.
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In infants allocated to the parenteral feeding group a central

arterial or venous line was established following admission providing

there was no evidence of congenital bacterial infection. An umbilical

arterial catheter was inserted if this was thought necessary for

monitoring purposes. If not, a silastic central venous line was

inserted using a percutaneous technique (Shaw, 1973) and following

insertion of a central venous line an antiseptic ointment (Betadine)

was smeared round the entry site and an occlusive dressing applied

(Opsite). The position of an arterial or venous catheter was checked

radiologically prior to the commencement of the infusion. Arterial

catheters were maintained with the tips at a level between the fourth

and eighth thoracic vertebrae and the optimum position of a venous line

was considered to be in the superior vena cava or inferior vena cava

just outwith the right atrium. The central venous line was not

broached but blood sampling was carried out through arterial catheters,

the catheter being flushed with a small quantity of heparinised normal

saline (1 unit/ml) following removal of the specimen. In all infants

receiving intravenous fluids, either total parenteral nutrition or

dextrose electrolyte solution alone (enteral group), a separate

peripheral line was used for the administration of drugs, blood and

blood products. If there was evidence of congenital bacterial

infection or technical difficulty in establishing a central line a

peripheral venous line was used for infusion of parenteral nutrition.

During the first 12 hours postnatally the infants in the parenteral

group received dextrose electrolyte solution alone (Low Sodium

Cocktail). Vamin Glucose was introduced at 12 hours and Intralipid
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20% at 24 hours. A metabolic acidosis (ph<7.28); a plasma urea value

of > 10mmol/l or a plasma sodium value of >145mmol/l was a

contraindication to the introduction of Vamin Glucose or Intra!ipid.

In established total parenteral nutrition Vamin Glucose and Intralipid

were discontinued on the same metabolic criteria and only recommenced

when normal values had been achieved. In addition, Intralipid was not

infused if there was any evidence of systemic bacterial infection.

Following the introduction of all three components they were

simultaneously infused in a 9 (Cocktail):3 (Vamin Glucose): 2

(Intralipid 20%) ratio (Hume et al, 1981) using infusion pumps.

Intralipid was only infused for 21 hours per day being discontinued for

three hours prior to blood sampling for the measurement of biochemical

parameters.

Any additions to parenteral solutions and the priming of tubing

with solutions was carried out in a room set aside for the purpose by

trained nursing staff, gowned and masked using a sterile technique. A

Micropore filter, 0.22u was incorporated into the circuit, the

Intralipid line entering on the patient side of the filter. All

fluids, extension sets, taps and filters were replaced daily. The

composition of the solutions is shown in Appendix I. Vamin Glucose

and Intralipid 20% are commercially available (Kabivitrum) and the

dextrose electrolyte solution was prepared by the hospital pharmacy.

Immediately prior to starting the infusion a water soluble vitamin

preparation, Solivito 1ml/100ml, was added to the dextrose electrolyte

solution, a preparation containing trace minerals (Addamel) was added

in a dose of 2ml/100ml Vamin Glucose and Vitlipid Infant lml/kg was



177

added as a source of fat soluble vitamins to the daily requirement of

Intralipid. The compositions of the vitamin and trace mineral

preparations are shown in Appendix I. In addition if a central line

was being used 8ml 10% calcium gluconate solution was added to 100ml of

dextrose electrolyte solution.

In parenterally fed infants, once the clinical status was stable

or respiratory distress had settled, a nasoduodenal tube was passed as

previously outlined. In this group of infants infusion of milk was

commenced at 1ml/hour and remained at that rate for three days. It

was then increased by 1ml/hour/day for 2-3 days and thereafter

increased by 1ml 12 hourly until planned fluid requirements were

reached. During this period parenteral fluids were reduced

proportionately as enteral fluids increased and once the infant's

requirements were met parenteral feeding was discontinued.

Planned fluid intake in both enteral and parenteral groups

commenced at 50ml/kg on day 1. The day of birth was considered to be

day 1 for all purposes but fluids were calculated from 8.00am to 8.00am

this being routine nursing practice in the unit. Fluid intake was

then increased by 25ml/kg daily, based on the infant's actual daily

weight to a total of 200ml/kg/day. An additional 25ml/kg/day was

given during phototherapy and further adjustments were made on the

basis of clinical assessment of the state of hydration of the infant.

In both groups it was planned to substitute intermittent hourly

nasogastric feeding for nasoduodenal feeding at a weight of 1600g.

Two hourly feeds were introduced at 1700g and 3 hourly feeds at 1800g.

Subsequent progress to breast or bottle feeding was made on an
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individual basis, the decision being made by senior nursing and medical

staff in order to try and preserve continuing satisfactory weight gain.

Infants were nursed naked, apart from hat and mittens, in closed

incubators until they reached 1800g when they were transferred to cot

nursing. The normal unit policy is to discharge infants home at a

weight of 2-2.5kg.

The parameters of growth measured were weight, crown heel and

crown rump length, occipitofrontocircumference (OFC), upper arm muscle

circumference and biceps, triceps, infrascapular and suprailiac skin

fold thicknesses. Infants were weighed naked following admission

using an integrated electronic balance which was read to the nearest

gramme. Infants were subsequently weighed daily naked, allowance

being made for E.C.G. leads, catheters, urine bags, etc., on the basis

of known weights for these items. Crown heel and crown rump lengths

were measured on day 1 and weekly thereafter using a Harpenden

Neonatometer which is accurate and capable of detecting small

increments in linear growth (Davies & Holding, 1972). Crown heel

length was measured with both legs extended. Occipitofronto¬

ci rcumference was measured around the maximum head circumference

including the supraorbital ridges and the occipital protuberance using

a disposable paper tape. The initial measurement of OFC was taken on

day 3 to allow any moulding as a result of delivery to resolve (Baum &

Searls, 1971). OFC was then measured on day 8 and at weekly intervals

thereafter. Skin fold measurements were taken over biceps, triceps,

and in the suprailiac and infrascapular regions (Brans et al, 1974b;

James, 1981) using Hoi tain skin fold calipers. The left side of the
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body was used and during measurements the right hand was used to hold

the calipers and the left to maintain a hold on the skin fold

throughout the measurement (Tanner & Whitehouse, 1975). Calipers were

left until the reading was stable (Oakley et al, 1977) and the

instrument was read to 0.1mm (Tanner & Whitehouse, 1975). Skin fold

measurements were taken on day 1 and at weekly intervals thereafter.

Left upper arm circumference was measured at a point midway between the

olecranon and the acromion and upper arm muscle circumference derived

by subtracting the triceps skin fold measurement from this value

(James, 1981).

In all infants entering the study an infection screen was taken

for bacteriological culture within two hours of admission. This

comprised swabs from throat, nose, axilla, perineum and umbilicus; a

bag specimen of urine; stool specimen or rectal swab; specimen of

gastric aspirate and blood culture. If there was any suspicion of

congenital infection a high vaginal swab was sent from the mother for

bacteriological culture. Subsequently daily blood cultures were taken

from all infants who had an arterial or venous line in situ.

Following removal of umbilical catheters and central venous lines the

tips were sent for culture. Conventional bacteriological techniques

were applied to all the above specimens.

Biochemical estimations were carried out on venous or arterial

specimens using microtechniques. On days 1,2,3,5,7,10,13, plasma

urea, sodium, potassium, osmolality, creatinine, calcium, phosphate,

magnesium, albumin and triglycerides were measured. In addition, on

days 5 and 13, plasma amino acids, alkaline phosphatase activity,
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alanine aminotransferase activity, direct and indirect bilirubin were

measured. Plasma calcium, phosphate, magnesium, alkaline phosphatase

activity, sodium, creatinine, albumin, bilirubin, and alanine

aminotransferase activity were monitored at weekly intervals

thereafter. Standard reference values for the constituents of mature

human breast milk and SMA Gold Cap formula (Department of Health and

Social Security, 1980) were used to compute dietary intakes.

The biochemical methods used are detailed below:

ASSAY METHOD INSTRUMENT
Sodiurn Ion-selective electrode Beckman Astra 4
Potassium Ion-selective electrode Beckman Astra 4
Urea Urease rate conductivity Beckman Astra 4
Calciurn Atomic absorption flame

photometry Pye SP190
Magnesium Atomic absorption flame

photometry Pye SP190
Phosphate Phosphomolybdate reduction IL Multistat III
A1 kal ine 4NP/optimised
phosphatase 37°/diethanol amine IL Multistat III

Alanine
aminotransferase Optimised 37°/phosphate IL Multistat III

Creatinine Alkaline pi crate/rate IL Multistat III
A1bumin BCG/succinate IL Multistat III
Triglycerides Enzymatic continuous flow SMAC

Osmolality Vapour Pressure Osmometer Wescor
G1ucose Glucose oxidase/02 consumption Beckman
Bilirubin Diazotised sulphanilic acid IL Multistat III

Statistical analysis of mortality rates and of the number of outborn

and inborn infants was by 2x4 contingency tables. Wilcoxon rank sum

tests were used to evaluate the incidence and management of IRDS, the

incidence of acquired bacterial infection and the requirement for red

cell concentrate and blood product transfusions. All other

statistical analysis was by Student's t test.
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RESULTS

Fifty-nine patients entered into the study between January 1981 and

January 1982, 29 into the enteral feeding group and 30 into the

parenteral feeding group. The birth weights of the infants ranged

from 765-1490g and the gestational ages from 26-34 weeks. There was

no significant difference in the mean gestational age at birth nor in

the mean birth weight between the enteral and parenteral groups (Table

6.1). The male:female ratio in the two groups was similar (Table

6.1). Ten of the 30 infants in the parenteral group were transferred

into the Unit from other hospitals compared with three of 29 infants in

the enteral group (p<0.05). There were no differences between the

groups in the mean Apgar scores at 1 minute and 5 minutes (Table 6.1).

The initial measurements of crown heel length, crown rump length and

OFC, were similar in the two groups of infants (Table 6.1). Three

infants were considered small for gestational age on the basis of birth

weight. The birth weights of two infants in the enteral group were on

the third percentile and in one infant in the parenteral group the

birth weight was below the third percentile when compared with normal

standards (Scottish Health Service Common Services Agency, 1981).

Ten of the 29 infants in the enteral group failed to establish

enteral nutrition during the first week of life and received total

parenteral nutrition or parenteral supplementation. The timing of and

reasons for failure are shown in Table 6.2. These included the

production of hypoxia on attempted passage of the nasoduodenal tube as

judged by a marked decrease in transcutaneous p02 or clinically on the

basis of development or increase in central cyanosis. If an adequate



Parenteral Enteral p value

Number of infants 30 29
Male:female 18:12 17:12
Birth weight (g) 1237±196 1280±176 NS

(range) (765-1490) (855-1490)
Gestation (weeks) 29.5±2.1 29.7±1.8 NS

(range) (26-34) (26-33)
Apgar score: 1 minute 4.7±2.8 4.9±2.9 NS

5 minutes 8.1±1.7 7.8±2.0 NS
Outborn:Inborn 10:20 3:26 <0.05
OFC on 3rd postnatal

day (cm) 27.1±1.4 27.2+1.3 NS
(number of infants) (26) (25)

Crown heel length at
birth (cm) 38.3±2.7 39.4±1.6 NS
(number of infants) (25) (25)

Crown rump length at
birth (cm) 26.2±1.9 26.9±1.4 NS
(number of infants) (23) (23)

Table 6.1: CHARACTERISTICS OF INFANTS IN THE PARENTERAL AND ENTERAL
GROUPS

The values are expressed as means ± SD.
A greater number of infants in the parenteral group were outborn
compared with the enteral group but no other differences were noted
between the groups.

Cause of failure Day of failure Number of

Failure to maintain tube 4,5,5,6 4

position
Hypoxia on passage of tube 3,4 2
Possible NEC 6 1
Definite NEC 7 1

NEC, Acute renal failure 3 1
Acute renal failure 3 1

10

Table 6.2: REASONS FOR AND TIMING OF FAILURE TO ESTABLISH ENTERAL
NUTRITION IN THE FIRST WEEK OF LIFE IN 10 INFANTS INITIALLY
ALLOCATED TO THE ENTERAL FEEDING GROUP

NEC: Necrotising Enterocolitis
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caloric intake was not achieved for a period of greater than 72 hours

as a result of inability to maintain the nasoduodenal tube in position

or of intolerance of feeding by the infant the infant was judged a

trial failure. The development of necrotising enterocolitis (NEC)

diagnosed on the basis of the clinical features of abdominal

distension, blood in the stools, bile stained vomiting, abdominal

tenderness and guarding in addition to the radiological features

(Hodson, 1975) was taken as an indication for cessation of enteral

nutrition and the introduction of total parenteral nutrition.

There was no difference in the incidence or severity of the

idiopathic respiratory distress syndrome (IRDS) in the parenteral group

when compared with the enteral group infants (Table 6.3). IRDS was

diagnosed in 14 infants in the enteral group of whom five failed to

establish enteral nutrition during the first postnatal week. All five

required intermittent positive pressure ventilation (IPPV). In

addition to the infants who required ventilation for IRDS a further 12

infants received IPPV for various reasons (Table 6.4). A total of 18

infants in the parenteral group and 16 infants in the enteral group (of

whom eight failed to establish enteral nutrition) received IPPV at some

time during inpatient stay.

No difference in mortality rate was noted between the enteral and

parenteral groups (Table 6.5). During the course of the study 20

infants died, 12 infants in the parenteral group and eight in the

enteral group of whom four failed to establish enteral nutrition during

the first postnatal week. The causes of and postnatal ages at death

are shown in Table 6.5.



Parenteral Enteral (Failed Enteral) p value

Number of infants

Incidence of IRDS

30

15

29

14

(10)

(5) NS

Treatment
Headbox oxygen
CPAP
IPPV

3

12

4

10

(0)

(5)
NS

Table 6.3: INCIDENCE OF IDIOPATHIC RESPIRATORY DISTRESS SYNDROME (IRDS)
AND ITS MANAGEMENT

There were no differences between the groups in the incidence or
management of IRDS. Five infants in the enteral feeding group who had
IRDS failed to establish enteral nutrition during the first postnatal
week and all required Intermittent Positive Pressure Ventilation (IPPV).

Parenteral Enteral (Failed Enteral) p value

Number of infants 30 29 (10)

IPPV 18 16 (8) NS

Reason for IPPV
IRDS 12 10 (5)
Congenital pneumonia - 4 (2)
Acquired pneumonia 2 1 (1)
Apnoea/Septicaemia 2 -

Birth asphyxia 11
Bile aspiration 1 -

Table 6.4: REASONS FOR INTERMITTENT POSITIVE PRESSURE VENTILATION IN
INFANIS IN I HE LNIERAL AND PARENILRAL FEEDING GROUPS

The requirement for ventilation did not differ significantly between the
groups. The number of infants who failed to establish enteral
nutrition is shown in parenthesis.



Numberofinfants

Parenteral 30

Enteral 19

FailedEnteral 10

TimeofDeathNo.CauseNo.CauseNo.Cause Day1

3Birthasphyxia3 Birthasphyxia IRDS,IVH

IVH PFC GroupBStrep, septicaemia
0

Week1

4Birthasphyxia0 IVH,Pseudomonas septicaemia IRDS,Pneumothorax IRDS,Pneumomediastinum

2

IVH IVH,ARF

Week2

1Pulmonary1 hypertension

IVH

1

IVH,ARF

Week3

00

1

Birthasphyxia ARF,IVH

Week4

4Acquiredpneumonia0 E.colisepticaemia E.colisepticaemia Enterococcal septicaemia

0

Totaldeaths1244 Table6.5:CAUSEANDTIMEOFDEATHININFANTSINTHEPARENTERAL,ENTERALANDFAILEDENTERALGROUPS Themortalityratedidnotdiffersignificantlybetweenthegroups.IVH:Intraventricularhaemorrhage;PFC:Persistentfoetalcirculation;ARF:AcuterenalfailIRDS:Idiopathicrespiratorydistresssyndrome;Strep.:streptococcal
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WEIGHT CHANGES IN THE INITIAL POSTNATAL PERIOD

The pattern of weight changes in all infants who survived at least two

postnatal weeks was considered (excluding one infant in the failed

enteral group who developed acute renal failure) and comparisons were

made between the parenteral, enteral and failed enteral feeding groups.

The timing of maximal postnatal weight loss was significantly earlier

in the parenteral group (P) infants compared with those in the enteral

(E) (p<0.001) and failed enteral (F) (PC0.01) groups (Table 6.6).

There were no significant differences between the groups in the maximal

postnatal weight loss as a percentage of birth weight nor in the

postnatal age at which birth weight was regained.

ESTABLISHMENT OF ENTERAL NUTRITION

A total of 36 infants who were initially fed parenterally or enterally

went on to establish full enteral nutrition. In all infants in the

enteral group in whom enteral feeding was satisfactorily established

feeding commenced during the first day of life at a mean time of

9.9 ± 5.3 hours after birth and was established by 4.9 ± 2.3 days.

Establishment of full enteral nutrition was delayed in the failed

enteral group compared with the enteral group (pCO.OOl) but there was

no difference in timing between the failed enteral and parenteral

infants (Table 6.7).

Excluding three infants who were transferred to other hospitals

and in whom the time of discharge is not known, and one infant who was

still hospitalised at six months, there were no significant differences

in postnatal age nor in postconceptual age at discharge (Table 6.8).



Parenteral Enteral Failed Enteral p value

Number of infants 20 15 6

Maximal postnatal
weight loss as %
birth weight
(range)

Time of maximal

11.1±4.5

3.6±1.1
postnatal loss (days)
(range) (2-7)

12.5±4.0

(5.4-20.9) (7.1-23.6)

5.1±1.1

(3-6)

16.0±5.2

(7.2-22.5)

5.3±1.4

(3-8)

NS

PvE<0.001
PvF<0.01

Postnatal age when
birth weight
regained (days)
(range)

10.5±4.5

(6-22)

12.5±2.1

(9-16)

12.Oil.8

(10-14)

NS

Table 6.6: WEIGHT CHANGES IN THE INITIAL POSTNATAL PERIOD

The values are expressed as means ± 1SD.

Only infants who survived until birth weight was regained are
included in the above figures. The time of maximal postnatal weight
loss was significantly earlier in the parenteral group compared with the
enteral and failed enteral groups but there was no difference in the
maximal postnatal weight loss nor in the time at which birth weight was
regained.



Parenteral Enteral Failed Enteral p value

Number of infants 15 15 6

6.7±5.8
Time of onset of
enteral nutrition
(days)
(range)

Time of establish¬
ment of full enteral 20.7±10.7
nutrition (days)

(range)

(1-26)

(10-44)

1.0±0

(0-1)

4.9±2.3

(2-8)

1.8±2.0

(1-6)

16.8±6.6

(3-24)

PvE<0.001

PvE<0.001
EvF<0.001

Table 6.7: TIMING OF ONSET AND ESTABLISHMENT OF ENTERAL NUTRITION

The values are expressed as means ± 1SD.

The onset of enteral nutrition was signficantly later in the
parenteral feeding group compared with the other two groups. Full
enteral nutrition was established significantly earlier in the enteral
group compared with the parenteral and failed enteral groups.

Parenteral Enteral Failed Enteral p value

Number of infants 14 15 6

Number transferred 3 0 0

Postnatal age at
discharge (days)

Postconceptual age
at discharge (weeks)

61.3±20.0 56.3±13.2

39.6±2.7 38.3±1.6

69.5±13.8

39.6±2.9

NS

NS

Table 6.8: TIMING OF DISCHARGE HOME

The values are expressed as means ± 1SD.

The timing of dicharge home did not differ significantly between
groups. One infant in the parenteral group is not included in these
figures as he was still an inpatient at six months of age.
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COMPARISON OF BIOCHEMICAL PARAMETERS MONITORED IN THE PARENTERAL AND
ENTERAL FEEDING GROUPS

In these comparisons values for all infants were considered initially.

In the infants who fell into the failed enteral group results were

omitted from the day of failure. Results were also omitted following

the development of acute renal failure and in two infants who underwent

exchange transfusion the results were omitted for a period of 48 hours

following the exchange.

The mean plasma sodium value was marginally higher in the

parenteral group on day 2 (p<0.05) and by day 10 the mean plasma sodium

value of the enteral group was significantly lower (p<0.01) than that

of the parenteral group (Table 6.9). The mean plasma osmolality was

higher on day 1 in the parenteral group (p<0.05), became significantly

higher on day 2 (p<0.001) and was marginally higher on day 7

(p<0.05)(Table 6.9). The mean plasma potassium value was higher in

the parenteral group on day 7 (p<0.05) but lower than that of the

enteral group on days 1 (pCO.05), 2 (p<0.01) and 13 (p<0.05) (Table

6.9). There were no significant differences in plasma sodium,

potassium or osmolality values between the enteral and parenteral

groups after the second postnatal week (Appendix III). No significant

differences in plasma urea values were noted between the two groups

during the period of study (Table 6.10; Appendix III). The mean

plasma creatinine was significantly higher (p<0.05) on day 1 in the

parenteral group but by day 3 the mean value was higher in the enteral

group (p<0.001) and remained significantly greater until day 13 (Table

6.10). In the enteral group the mean plasma albumin value was lower



PlasmaSodium(mmol/1)
PlasmaPotassium(mmol/1)
PlasmaOsmolality(mosm/kg)

Day

P

E

P

1 2

3

5 7

10 13

138.6±3.6 (28) 142.0±3.2 (26) 140.4±4.3 (24) 133.4±5.3 (23) 133.7±3.5 (22) 136.0±3.2 (22) 137.1±3.7 (20)

137.3±3.1 (27) 139.5±4.9 (24) 140.3±5.7 (21) 132.9±6.3 (19) 131.8±5.7 (16) 132.6±2.4 (15) 133.9±3.2 (15)

4.3±0.8 (27) 4.5±1.1 (24) 4.8±0.8 (23) 4.7±0.6 (22) 4.6±0.7 (21) 4.6±0.6 (21) 4.3±0.5 (19)

E

P

E

4.9±1.1

281.4±7.9

276.4±6.2

(26)

(18)

(20)

5.5±1.0

293.0±9.2

282.3±7.9

(16)

(22)

(22)

4.7±0.6

294.3±9.5

289.6±8.2

(21)

(23)

(19)

4.8±0.9

281.0±12.6

279.8±12.1

(17)

(22)

(17)

4.2±0.4

280.3±6.9

274.1±8.7

(16)

(20)

(16)

4.9±0.8

277.5±6.5

275.1±4.7

(15)

(19)

(13)

4.8±0.6

276.6±8.4

277.9±5.2

(14)

(17)

(14)

TABLE6.9:PLASMASODIUM,POTASSIUMANDOSMOLALITYININFANTSINTHEPARENTERALANDENTERALGROUPSDURINGTHEFIRSTTWOPOSTNATALWEEKS
Thevaluesareexpressedasmeans±1SD.Thenumberofestimationsisshowninparenthesis.Parenteral(P);Enteral(E). Themeanplasmasodiumvalueininfantsintheparenteralgroupwashigherondays2(p<0.05)

and10(pCO.Ol)whencomparedwiththeenteralgroupinfants.Themeanplasmapotassiumwashigherintheparenteralgrouponday7(p<0.05)butlowerondays1(p<0.05),2(p<0.01)and13(p<0.05)whencomparedwiththeenteralgroup.Meanplasmaosmolalitywashigherintheparenteralgroupcomparedwiththeenteralgroupondays1(p<0.05),2(p<0.001)and7(p<0.05).



PlasmaCreatinine(ymol/1)
PlasmaUrea(mmol/1)
PlasmaAlbumin(g/1)

Day

P

E

P

E

P

E

1 2 3

5

7

10 13

90.0±13.7 (20) 100.0±18.0 (22) 90.0±21.2 (22) 76.1±14.1 (19) 71.8±23.7 (22) 68.5±13.1 (19) 61.0±16.3 (21)

75.3±19.7 (17) 115.5±27.2 (20) 116.2±26.5 (21) 94.3±28.9 (18) 90.9±31.4 (17) 79.4±24.0 (14) 88.3±25.5 (13)

3.9±1.6 (27) 6.8±2.9 (25) 5.8±3.7 (24) 4.3±2.8 (23) 2.8±1.6 (22) 3.1±2.7 (21) 2.9±2.1 (20)

3.9±1.5 (27) 6.8±2.2 (24) 6.6±3.3 (22) 5.2±2.6 (19) 3.6±1.7 (16) 2.4±1.3 (15) 2.0±0.9 (15)

30.4±3.4 (20) 32.7±2.4 (20) 33.5±3.8 (20) 33.4±3.1 (19) 31.1±3.5 (17) 29.5±4.4 (15) 28.9±3.0 (19)

27.0±4.2 (15) 30.6±3.3 (13) 31.3±3.6 (15) 35.5±2.6 (14) 35.0±2.0 (14) 34.4±4.7 (14) 32.3±3.4 (14)

TABLE6.10:PLASMACREATININE,UREAANDALBUMINININFANTSINTHEPARENTERALANDENTERALGROUPSDURINGTHEFIRSTTWOPOSTNATALWEEKS
Thevaluesareexpressedasmeans±1SD. Parenteral(P);Enteral(E).
Thenumberofestimationsisshowninparenthesis

Themeanplasmacreatininevaluewassignificantlyhigherintheparenteralfeedinggrouponday
1(p<0.05)butsignificantlylowerthanthatoftheenteralgroupbyday3(p<0.001)andwaslowerondays5(p<0.05),7(p<0.05)and13(p<0.001).Nosignificantdifferencesinplasmaureavalueswere notedbetweenthegroups.Themeanplasmaalbuminvaluewasloweronday2intheenteralgroupinfants(p<0.05)butbyday5exceededthatoftheparenteralgroup(p<0.05).Plasmaalbumin remainedhigherintheenteralgroupondays7(pCO.OOl),10(p<0.01)and13(p<0.01).
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than that of the parenteral group on day 2 (p<0.05) but had risen to

exceed that of the parenteral group by day 5 (p<0.05) and remained

significantly greater during days 7 (p<0.001), 10 (p<0.01) and 13

(p<0.01)(Table 6.10). No subsequent differences were noted in plasma

creatinine or albumin values between the groups (Appendix III). In

the enteral group infants the mean plasma calcium value fell from day 1

and was significantly lower than that of the parenteral group infants

from day 2 until day 5 (p<0.001)(Table 6.11). However by day 10 the

mean plasma calcium value in the enteral group was significantly

greater (p<0.05) than that of the parenteral group and this difference

was highly significant (p<0.001) by day 13. The mean plasma phosphate

value fell in both the parenteral and enteral groups over the first

week of life and the mean plasma phosphate level was significantly

lower in the parenteral group compared with the enteral group from the

third to the seventh postnatal day (Table 6.11). The mean plasma

magnesium value was significantly lower in the enteral group compared

with the parenteral group on days 3, 10 and 13 (p<0.01)(Table 6.11).

The mean plasma phosphate value was significantly higher in the enteral

group during the fourth postnatal week (p<0.01) but there were no other

significant differences in the mean plasma calcium, phosphate or

magnesium values between the enteral and parenteral group after the

second postnatal week (Appendix III). No significant elevation of

plasma triglycerides was noted in either group of infants. The mean

plasma triglyceride value on day 1 in the parenteral group (0.98 ±

0.48) was marginally greater than that of the enteral group



PlasmaCalcium(mmol/1)
PlasmaPhosphate(mmol/1)
PlasmaMagnesium(mmol/1)

Day

P

E

P

E

P

E

1

2.12±0.15

2.12±0.23

2.00±0.46

2.02±0.56

0.87±0.15

0.80±0.11

(23)

(25)

(19)

(18)

(14)

(17)

2

2.11±0.33

1.74±0.25

1.89±0.56

2.09±0.50

1.01±0.12

0.93±0.16

(23)

(21)

(19)

(14)

(15)

(19)

3

2.36±0.29

1.87±0.28

1.50±0.44

2.22±0.30

1.24±0.11

1.06±0.13

(23)

(21)

(17)

(15)

(12)

(13)

5

2.61±0.30

2.26±0.22

1.37±0.51

1.81±0.34

1.11±0.17

1.11±0.24

(22)

(18)

(18)

(15)

(16)

(16)

7

2.48±0.36

2.29±0.22

1.45±0.47

1.94±0.86

1.06±0.12

0.94±0.20

(21)

(16)

(19)

(12)

(10)

(12)

10

2.25±0.26

2.41±0.13

1.80±0.53

1.74±0.44

1.04±0.14

0.88±0.11

(19)

(14)

(18)

(13)

(13)

(11)

13

2.25±0.17

2.44±0.09

CO

•

o

+1

00

CO

•

1.88±0.46

0.95±0.09

0.84±0.08

(20)

(H)

(20)

(13)

(14)

(ID

TABLE

6.11:PLASMA
CALCIUM,PHOSPHATEANDMAGNESIUM
ININFANTS
INTHEPARENTERAL
ANDENTERAL

DURING
THEFIRSTTWO
POSTNATALWEEKS

Thevaluesareexpressedasmeans±1SD. Parenteral(P);Enteral(E).
Thenumberofestimationsisshowninparenthesis

Themeanplasmacalciumvaluewassignificantlylowerintheenteralgroupondays2,3and5(p<0.001)whencomparedwiththeparenteralgroupandthemeanvaluewashigherintheenteralgroupondays10(p<0.05)and13(p<0.001).Themeanplasmaphosphatevaluewassignificantlyhigherintheenteralgroupcomparedwiththeparenteralgroupondays3(p<0.001),5(p<0.01)and7(p<0.05).Themeanplasmamagnesiumvalueintheenteralgroupwaslowerthanthatoftheparenteralgroupondays3,10and13(p<0.01)
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(0.58 ± 0.40)(p<0.05) and no other significant differences were noted

during the period of study (Appendix III).

Hyperglycaemia (blood glucose>130mg/dl) was common in all groups

of infants particularly during the first few days of life. It did

occur more often in infants in the parenteral group (53%) compared with

those in the enteral group (22%) but responded rapidly to treatment

with a small dose of insulin and no serious consequences were noted.

Hyponatraemia occurred (plasma sodium <130mmol/l) almost universally

during enteral feeding particularly between the second and fifth

postnatal weeks and the majority of infants required sodium

supplementation to maintain a plasma sodium value of greater than

130mmol/I).

NASODUODENAL FEEDING

A total of 35 surviving infants were nasoduodenally fed for a mean

period of 24.8 ± 12.9 days (5-72) (this figure excludes one infant who

was still nasoduodenally fed at 100 days) with no significant

differences between the parenteral enteral and failed enteral groups

(Table 6.12). The mean number of nasoduodenal tubes passed in each

infant was 2.7 ± 1.5 (range 1-7). The most common reasons for

replacement of a nasoduodenal tube were displacement of the tube or

removal by the infant. Less frequently the tube was pulled up by

oropharyngeal suction and on occasion snapped or became blocked.

Practical problems encountered included loose stools in four infants

which settled with temporary reduction in the volume of milk infused.

Loose stools were also seen occasionally if the nasoduodenal tube



Duration of nasoduodenal
feeding

(days)

Number of nasoduodenal tubes

passed per infant

Reason for replacement of
nasoduodenal tube

24.8±12.9

(range) (5-72)

2.7±1.5

(range) (1-7)

Tube displacedtlarge aspirates
Infant removed tube
Tube blocked
Tube displaced at intubation
Tube snapped
Not recorded

29
17
3
2
1
7

Total 59

Problems related to Loose stools 4
nasoduodenal feeding Blood stained nasogastric

aspirate 6
Bile aspiration 1

Table 6.12: NASODUODENAL FEEDING IN SURVIVING INFANTS

A total of 36 surviving infants were nasoduodenally fed. One infant is
excluded from the figures relating to the number of tubes passed and the
duration of feeding as he was still nasoduodenally fed at four months of
age. The values are expressed as means ± 1SD.
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progressed further down the gastrointestinal tract into the jejunum and

stools reverted to normal following withdrawal of the tip of the

nasoduodenal tube back into the duodenum. It was noted not

infrequently on routine radiological assessment of tube position that

although the tip of the nasoduodenal tube was in the third part of the

duodenum there was a considerable coil of loose tubing in the stomach.

It was necessary in this situation to recheck the tube position 24-48

hours later as commonly this coil was carried through the pylorus

resulting in further progression of the tube tip. On one occasion

when a nasoduodenal tube was withdrawn a true knot was present a few

centimetres from the end of the tube. Mobility of the duodenum was

noted in some infants with marked variation in tube position. In one

such infant a barium meal and follow-through examination was carried

out to exclude malrotation and the only positive finding was the

extreme mobility of the duodenum. In six infants blood stained

nasogastric aspirates were obtained (in the absence of any other source

of bleeding and with normal coagulation) which were thought to result

from gastric irritation by reflux of bile. These infants were treated

by administration of lml/hr of milk via the nasogastric tube and in all

cases the bleeding settled within 24 hours. The nasogastric

aspiration of significant volumes of bile (5ml+) was not uncommon and

one infant had two episodes of bile aspiration during nasoduodenal

feeding necessitating ventilation on one occasion. He subsequently

recovered.
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NECRQTISING ENTEROCOLITIS

A total of five infants developed necrotising enterocolitis and a

further infant had marked abdominal distension and blood in stools

without radiological features of necrotising enterocolitis. In three

of these infants symptoms developed during the first week of life.

One of the infants in the parenteral group developed symptoms on day 13

at which time he was receiving 25% of his fluid requirement

nasoduodenally. He was treated surgically for a perforation of the

ascending colon by resection and colostomy which was subsequently

closed prior to his discharge home. The remaining infants were

treated medically and received nil by mouth for seven days, a

nasogastric tube was left on free drainage and total parenteral

nutrition was employed. In addition, intravenous antibiotic therapy

with penicillin, gentamicin and metronidazole was administered for

seven days. One infant who weighed 855g at birth and who was

initially fed enterally developed acute renal failure and marked

acidosis in association with clinical evidence of necrotising

enterocolitis on the third day of life. Death occurred on the eighth

postnatal day but no post mortem examination was carried out. The

remaining five infants recovered.

HEPATIC DYSFUNCTION

Eight infants developed an elevated direct bilirubin value

(>25pmol/I)(Odel1, 1976a) after the first week of life, six infants in

the parenteral group and two in the failed enteral group. In four

infants the elevated direct bilirubin value was associated with an
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increase in alanine aminotransferase activity. All eight infants had

at least one significant bacterial infection, six had septicaemia and

two pneumonia and in three infants there was a direct temporal

relationship between the onset of deranged liver function and

infection. In addition, one infant almost certainly had congenital

cytomegalovirus infection.

RICKETS

In surviving infants the mean peak alkaline phosphatase activity

reached was significantly higher in infants in the parenteral group

(713.5 ± 260.0u/l) compared with those in the enteral group

(470.9 ± 176.3u/l)(p<0.01). The mean peak alkaline phosphatase

activity noted in the infants in the failed enteral group

(610.7 ± 197.3u/l) did not differ significantly from that of either the

enteral or parenteral group.

CONGENITAL BACTERIAL INFECTION
*

Congenital bacterial infection was diagnosed in nine infants, seven of

whom had pneumonia alone and in two others pneumonia was associated

with septicaemia. Four of these infants were in the parenteral group

and five in the enteral group (Table 6.13). In four infants with

radiological evidence of pneumonia and clinical respiratory distress

where no organisms were identified there was a maternal history of

prolonged rupture of the membranes or evidence of infected liquor and

in these cases the mother had received antibiotic therapy prior to

delivery. In all other cases the infections were bacteridogical ly

proven (Table 6.13).



Parenteral Enteral p value

Number of infants 30 29

Number with congenital
bacterial infection

4 5 NS

Number with pneumonia alone

Number with pneumonia and
septicaemia

Organisms responsible

3

1

Enterococcus
Escherichia col i
2 not identified

4

1

Lancefield Group B
3 haemolytic strepto¬
coccus pyogenes

Pseudomonas aeruginosa
Staphylococcus aureus
2 not identified

Table 6.13: INCIDENCE OF CONGENITAL BACTERIAL INFECTION

There was no difference in the incidence of congenital bacterial
infection in the parenteral compared with the enteral group. The
responsible organisms are tabulated above. In all cases where no
organism was identified the infant had respiratory distress and
radiological evidence of pneumonia.
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ACQUIRED BACTERIAL INFECTION

The overall incidence of acquired bacterial infection was marginally

greater (p<0.05) and that of acquired septicaemia significantly greater

(p<0.01) in the parenteral group compared with the enteral group

(Table 6.14). Twenty two of the 30 infants in the parenteral group

acquired bacterial infections on 33 occasions. During 20 of these

episodes at least one positive blood culture was obtained. There were

ten episodes of infection in nine infants in the enteral group

including two episodes of septicaemia. There were four episodes of

septicaemia in the failed enteral group (Table 6.14). Therefore the

total group studied experienced 26 episodes of septicaemia. The main

infecting organisms were escherischia coli and staphylococcus albus.

Nineteen of the 20 episodes of septicaemia in the parenteral group

infants occurred during parenteral nutrition and on 12 occasions a

central venous or arterial line was in situ. The mean time of onset

of the initial episode of septicaemia in the parenteral group was 9.0 ±

4.4 days. The incidence of septicaemia was one episode per 21 days

when a central line was in situ and one episode per 37 days when a

peripheral route was used for the administration of parenteral

nutrition. During six episodes of infection in parenterally fed

infants abnormal coagulation developed requiring the use of blood

products and three infants in the parenteral group died as a

consequence of acquired bacterial infection. Two of the four episodes

of septicaemia in the failed enteral group occurred during the

peripheral administration of parenteral nutrition.



Parenteral

Enteral

FailedEnteral
pvalue

Totalnumberofinfants
30

19

10

PvE<0.05

Numberwithinfection
22

9

7

PvFNS

Numberofepisodes

33

10

9

EvFNS

Pneumonia

13

7

5

Pneumonia+Septicaemia

4

2

Pneumonia+Septicaemia+
2

—

-

Meningitis Septicaemia

14

2

2

UrinaryTractInfection
—

1

—

Totalepisodesof

20

2

4

PvE<0.01

septicaemia

PvFNS EvFNS

Responsibleorganisms:
Escherichiacoli9
Escherichiacoli4
Escherischia
coli4

Staphylococcusalbus9
Enterococcus2

Enterococcus
1

Enterococcus4Klebsiellapneumoniae2Klebsiellapneumoniae1 Klebsiellapneumoniae4Notidentified2Pseudomonasaeruginosa1 Pseudomonasaeruginosa3Staphylococcusaureus1 Staphylococcusaureus1LancefieldGroupC LancefieldGroupB3-haemolyticstreptococcus1 3-haemolyticstreptococcus1 Notidentified2
TABLE6.14:INCIDENCEOFACQUIREDBACTERIALINFECTION Theincidenceofacquiredbacterialinfectionwasmarginallygreaterandthatofacquiredsepticaemia significantlygreaterintheparenteralgroupinfantscomparedwiththeenteralgroupinfants.No othersignificantdifferenceswerenotedbetweenthegroups.
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RED CELL TRANSFUSIONS

Two infants in the enteral group had one exchange transfusion, one for

hyperbi1irubinaemia and one to correct severe metabolic acidosis. The

number of red cell concentrate transfusions given did not differ

significantly between the groups (Table 6.15).

BLOOD PRODUCT TRANSFUSIONS

There were insufficient numbers of the individual products given to

make statistical comparisons between the groups valid and therefore the

total number of products used in each group was compared. Infants in

the parenteral group received a significantly greater number of blood

product transfusions (p<0.01) than those in the enteral group

(Table 6.15).

MEEKLY VARIATIONS IN POSTNATAL GROWTH PARAMETERS

The variations in growth were considered in each postnatal week for all

infants who were alive throughout the week. (Infants who developed

acute renal failure were excluded from the week of diagnosis.) The

mean weekly changes in weight, crown heel and crown rump length and OFC

were calculated.

The mean variation in weight was negative in all three groups

during the first postnatal week (Table 6.16) with a greater loss in the

enteral (pCO.Ol) and failed enteral (p<0.05) groups when compared with

the parenteral group. There were no significant differences between

the groups during the second week of life and all showed a mean weight

gain during this period. During the third postnatal week the mean

gain of the enteral group was greater than that of the parenteral group



Red Cell Concentrate Transfusions

Parenteral Enteral Failed Enteral p value

Number of infants 30 19 10

Number receiving red
cell transfusions

23 16 8 NS

Total number of
transfusions

112 60 44

Blood Product Transfusions

Number of infants
receiving blood
products

Total number of units
transfused

13

48

1

2

2

5
PvE<0.01
PvF NS
EvF NS

Number of units of:
Albumin
Platelets
Fresh frozen plasma
Factor concentrate
Buffy coat

8
26
5

9

2

1
1
2
1

Table 6.15: RED CELL CONCENTRATE AND BLOOD PRODUCT TRANSFUSIONS

There were no differences between the groups in the requirement for red
cell concentrate transfusions during the postnatal period. The
parenterally fed infants received a significantly greater number of blood
product transfusions compared with the enterally fed group.



Parenteral Enteral Failed Enteral p value

Number of infants 22 16 7

Postnatal week

1

2

3

4

5

6

7

8

-12.3±84.0
(22)

157.4±94.3
(20)

130.3±62.1
(18)

124.3±54.8
(14)

-82.5±49.2
(16)

156.0±69 0
(15)

189.7±42.8
(15)

169.3±60.4
(14)

151.4±100.1 211.0±67.0
(14)

172.3±65.6
(13)

169.3±80.9
(9)

110.0±95.2

(6)

(13)
219.6±73.6

(11)
227.5±56.4

(8)
190.0±43.0

(4)

-84.2±42.6
(7)
7±77.7121
(6)

129.2±73.3
(6)

114.2±61.1
(6)

205.0±89.5
(6)

165.0±108.0
(6)

178.0±56.9
(5)

157.5±81.9

(4)

PvE<0.01
PvF<0.05
NS

EvP<0.01
EvF<0.05
NS

NS

NS

NS

NS

Table 6.16: WEEKLY VARIATIONS IN WEIGHT DURING THE POSTNATAL PERIOD

Variations in weight (g/week) are expressed as means ±1SD. The number
of infants measured on each occasion is shown in parenthesis.

During the first postnatal week the increment in weight was negative
in all groups and the loss was significantly greater in the enteral
failed enteral

and

groups when compared with the parenteral
weight gain of the enteral

group. me mean
group infants exceeded that of the parenteral

and failed enteral groups during the third postnatal week.



192

(p<0.01) and marginally greater than that of the failed enteral group

(p<0.05). Thereafter there were no significant differences between

the groups.

There was a greater increase in crown heel length in the

parenteral group when compared with the failed enteral group during the

first postnatal week (p<0.05). There were no significant differences

in the mean weekly variation in crown heel length between the groups

during the second and third postnatal weeks. The mean weekly increase

in crown heel length was marginally greater in the enteral compared

with the parenteral group during the fourth and sixth postnatal weeks

(p<0.05)(Table 6.17). Thereafter no significant differences in the

weekly increase in crown heel length were noted between the groups.

No significant differences in the weekly increase in crown rump length

were noted between the groups during the study period (Table 6.18).

The mean change in OFC during the first two postnatal weeks did

not differ significantly between groups (Table 6.19). The mean weekly

increase in OFC in the enteral group was greater than that of the

parenteral group during the third and fifth postnatal weeks (p<0.05)

and there was a greater increase in the parenteral group compared with

the failed enteral group during the sixth postnatal week (p<0.05)(Table

6.19). No other differences were noted over the study period.

FLUID AND NUTRIENT INTAKE

There were no differences between the groups in the mean fluid volume

administered in ml/kg/24hr during the first postnatal week but the

fluid intake of the infants in the enteral group was significantly



Parenteral Enteral Failed Enteral p value

of infants 22 16 7

al week

1 0.90±0.90 0.50±0.79 -0.05±0.15 PvF<0.05
(20) (14) (6)

2 0.80±1.03 0.68±0.63 0.56±0.44 NS
(19) (13) (5)

3 0.85±0.54 0.70±0.50 0.88±0.77 NS
(17) (14) (6)

4 0.60±0.55 1.09±0.67 0.80±0.62 EvP<0.05
(14) (14) (6)

5 1.04±0.86 1.02±0.71 0.85±0.76 NS
(14) (14) (6)

6 0.64±0.49 1.30±0.79 0.78±0.48 EvP<0.05
(12) (11) (6)

7 1.01±0.54 0.99±1.08 0.86±0.85 NS
(9) (8) (5)

8 0.52±0.48 1.25±0.68 1.05±0.44 NS

(6) (4) (4)

Table 6.17: MEEKLY VARIATIONS IN CROWN HEEL LENGTH DURING THE POSTNATAL
PERIOD

Variations in crown heel length (cm/week) are expressed as mean values
±1SD. The number of infants measured on each occasion is shown in
parenthesis.

The increment in crown heel length in the parenteral group was
greater than that of the failed enteral group during the first postnatal
week. In the enteral group infants the increase in crown heel length
was greater than that in the parenteral group during the fourth and sixth
postnatal weeks.



Parenteral Enteral Failed Enteral p value

Number of infants 22 16 7

Postnatal week

1 1.13±0.67 0.57 ±0.75 0.50±0.43
(16) (10) (3)

2 0.86±0.97 0.49±0.50 0.52±0.55
(16) (10) (3)

3 0.43±0.68 0.88±1.01 0.32±0.86
(15) (13) (4)

4 0.57±0.64 0.64±0.60 0.20±0.90

(12) (12) (6)
5 0.63±0.81 0.78±0.64 0.75±1.07

(14) (12) (4)
6 1.13±1.11 0.89±0.99 0.62±0.60

(12) (10) (4)
7 0.58±0.93 0.82±1.25 0.72±0.81

(6) (6) (5)
8 0.27±0.52 1.17±0.59 0.90±0.53

(6) (3) (4)

NS

Table 6.18: WEEKLY VARIATIONS IN CROWN RUMP LENGTH DURING THE POSTNATAL
PERIOD

Variations in crown rump length (cm/week) are expressed as mean values
±1SD. The number of infants measured on each occasion is shown in
parenthesis.

No significant differences in the weekly increments of crown rump
length were noted between the groups during the study period.



Parenteral Enteral Failed Enteral p value

of infants 22 16 7

al week

1 0.04±0.68 -0.06±0.43 0.05±0.94 NS
(18) (15) (4)

2 0.57±0.68 0.77±0.51 0.64±0.47 NS

(18) (15) (5)
3 0.66±0.44 1.04±0.40 0.90±0.38 EvP<0.05

(16) (15) (6)
4 0.89±0.64 0.86±0.38 0.77±0.57 NS

(14) (14) (6)
5 0.69±0.44 1.08±0.50 0.85±0.81 EvP<0.05

(14) (14) (6)
6 0.93±0.25 0.90±0.33 0.58+0.33 PvF<0.05

(13) (13) (6)
7 0.74±0.49 0.85±0.24 1.06±0.09 NS

(9) (8) (5)
8 1.00±0.59 0.73±0.26 0.62±0.19 NS

(6) (4) (4)

Table 6.19: WEEKLY VARIATIONS IN OCCIPITOFRONTOCIRCUMFERENCE DURING THE
POSTNATAL PERIOD

Variations in occipitofrontocircumference (cm/week) are expressed
values ±1SD. The number of infants measured on each occasion is
in parenthesis.

as mean

shown

The weekly increase in occipitofrontocircumference was greater in
the enteral compared with the parenteral group during the third and fifth
postnatal weeks. A greater increase in OFC was noted in the parenteral
group infants compared with the failed enteral group during the sixth
postnatal week.
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greater than the parenteral and failed enteral groups during the second

and third postnatal weeks (p<0.001)(Table 6.20) and was still

marginally greater than the parenteral group during the fourth week

(p<0.05). No further differences between the groups were noted during

the study period. The parenteral group infants received 95.9 ± 4.5%

of their fluid intake intravenously during the first postnatal week and

76.3 ± 23.8% during week 2.

The mean caloric intake (kcal/kg/day) was greater in the

parenteral group compared with the failed enteral (p<0.001) and enteral

(p<0.05) groups during the first postnatal week (Table 6.21) with no

significant difference between the enteral and failed enteral groups.

During the second and third postnatal weeks the mean caloric intake in

the enteral group was significantly greater than the parenteral

(p<0.01) and failed enteral groups (p<0.001)(Table 6.21). No

significant differences were noted during the remainder of the study

period. The mean nitrogen intake of the failed enteral group was

lower than that of the parenteral (p<0.001) and enteral (p<0.05) groups

during the first postnatal week and the nitrogen intake of the enteral

group was lower than that of the parenteral group (p<0.01)(Table 6.22).

The nitrogen intake of the enteral group exceeded that of the

parenteral group from the second to the fifth postnatal week.

Thereafter the nitrogen intake of the three groups was similar. The

mean daily fat intake was significantly higher in the enteral group

compared with the parenteral and failed enteral groups during the

second and third postnatal weeks (Table 6.23). The mean fat intake of

the failed enteral group was significantly lower than that of the



Parenteral Enteral Failed Enteral p value

of infants 22 16 7

al week

1 170.1±19.5 161.6±24.3 164.7±21.7 NS
(22) (16) (7)

2 174.7±25.3 226.4x14.7 176.0x33.8 EvP<0.001
(20) (15) (6) EvFCO.001

3 171.2±29.5 221.7±15.4 182.1±25.7 EvP<0.001
(18) (15) (6) EvF<0.001

4 187.9±40.7 214.1±20.8 203.8x19.8 EvP<0.05
(14) (14) (6)

5 192.6±40.3 214.4±24.7 211.3x50.8 NS
(14) (14) (6)

6 200.0±31.5 211.4±22.4 204.3x44.9 NS
(13) (11) (6)

7 194.5±26.6 208.5±21.8 202.3x41.7 NS

(9) (8) (5)
8 194.2±30.9 199.3±32.6 212.2x37.4 NS

(6) (4) (4)

.20: DAILY FLUID INTAKE IN THE PARENTERAL, ENTERAL AND FAILED
ENTERAL GROUPS DURING THE POSTNATAL PERIOD

Daily fluid intakes (ml/kg/day) are expressed as mean values ±1SD. The
number of infants is shown in parenthesis.

The mean fluid intake was significantly greater in the enteral group
compared with the parenteral and failed enteral groups during the second
and third postnatal weeks and remained marginally greater in the enteral
compared with the parenteral group in the fourth postnatal week.



Parenteral Enteral Failed Enteral p value

Number of infants 22 16 7

Postnatal week

1

2

3

4

5

6

7

8

105.5±10.9
(22)

117.8±24 3
(20)

120.0±24.6
(18)

131.1±25.5
(14)

136.0±33.0
(14)

138.2±36.7
(13)

125.3±22.5
(9)

133.2±15
(6)

5

95.8±17.6
(16)

141.5±10.2
(15)

139.9±11.0
(15)

135.1±12.4
(14)

134.3±15.6
(14)

133.6±13.0
(11)

130.6±10.4
(8)

134.3±19
(4)

6

132

86.1±12.1

(7)
110.5±18.7

(6)
114.4±16.0

(6)
4±11.2
(6)
2±29.5
(6)

133.7±22.6
(6)

137.4±24.3
(5)

138.2±15.1

132

(4)

PvF<0.001
PvE<0.05
EvP<0.01
EvF<0.001
EvPCO.Ol
EvF<0.001
NS

NS

NS

NS

NS

Table 6.21: DAILY CALORIC INTAKE IN THE PARENTERAL, ENTERAL AND FAILED
ENTERAL GROUPS DURING THE POSTNATAL PERIOD

Daily caloric intakes (kcal/kg/day) are expressed as mean values +1SD.
The number of infants is shown in parenthesis.

The mean caloric intake of the parenteral group was significantly
greater than that of the failed enteral group and marginally greater than
that of the enteral group during the first postnatal week. The mean
caloric intake in the second and third postnatal weeks was greater in the
enteral group compared with the parenteral and failed enteral groups.



Parenteral Enteral Failed Enteral p value

of infants 22 16 7

al week

1 0.36±0.06 0.29±0.06 0.21±0.06 PvE<0.01
(22) (16) (7) PvF<0.001

EvF<0.05
2 0.37±0.08 0.49±0.07 0.42±0.13 EvP<0.001

(20) (15) (6)
3 0.40±0.09 0.51±0.04 0.38±0.08 EvP<0.001

(18) (15) (6) EvF<0.001
4 0.42±0.09 0.49±0.04 0.49±0.08 EvP<0.05

(14) (14) (6)
5 0.43±0.09 0.49±0.05 0.48±0.10 EvP<0.05

(14) (14) (6)
6 0.46±0.09 0.49±0.08 0.48±0.09 NS

(13) (11) (6)
7 0.46±0.08 0.48±0.03 0.45±0.08 NS

(9) (3) (5)
8 0.47±0.05 0.46±0.07 0.48±0.07 NS

(6) (4) (4)

Table 6.22: DAILY NITROGEN INTAKE IN THE PARENTERAL, ENTERAL AND FAILED
ENTERAL GROUPS DURING THE POSTNATAL PERIOD

Daily nitrogen intakes (g/kg/day) are expressed as mean values ±1SD.
The number of infants is shown in parenthesis.

The mean daily intake of nitrogen was significantly greater in the
parenteral group compared with the enteral and failed enteral groups
during the first postnatal week. During the period from the second to
fifth postnatal week the mean intake in the enteral group exceeded that
of the parenteral group. The conversion factor used for protein
nitrogen was 6.25 (Fomon et al, 1977).



Parenteral Enteral Failed Enteral p value

of infants 22 16 7

al week

1 4.02±0.84 4.65±1.35 3.32±0.94 EvF<0.05
(22) (16) (7)

2 5.12±1.34 7.71±1.06 4.90±2.23 EvP<0.001
(20) (15) (6) EvF<0.001

3 5.52±1.31 7.76±0.75 5.88±1.17 EvP<0.001
(18) (15) (6) EvF<0.001

4 6.16±1.96 7.29±1.09 7.33±0.67 NS
(14) (14) (6)

5 7.08±1.51 7.50±0.84 7.50±1.81 NS
(14) (14) (6)

6 7.00±1.39 7.37±0.75 7.60+1.35 NS
(13) (11) (6)

7 7.83±2.18 7.21±0.70 7.26±1.77 NS
(9) (8) (5)

8 9.30±3.34 7.07±1.21 8.42±1.62 NS
(6) (4) (4)

.23: DAILY FAT INTAKE IN THE PARENTERAL, ENTERAL AND FAILED
ENTERAL GROUPS DURING THE POSTNATAL PERIOD

Daily fat intakes (g/kg/day) are expressed as mean values ±1SD.
number of infants is shown in parenthesis.

The

The daily fat intake was significantly greater in the enteral
feeding group compared with the parenteral and failed enteral groups

In addition the intakeduring the second and third postnatal weeks.
the enteral group was greater than that of the failed enteral
during the first postnatal week.

of

group
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enteral group during the first week of life (p<0.05). No other

significant differences were noted between the groups during the period

of study. The mean daily carbohydrate intake was greater in the

parenteral group compared with the enteral group during the first

postnatal week (p<0.01) and during the subsequent two weeks the enteral

group had a significantly higher intake than the parenteral and failed

enteral groups (Table 6.24).

LONGITUDINAL GROWTH IN SURVIVING INFANTS

Infants who survived from birth until the expected date of delivery or

time of discharge if that was earlier were considered. The average

weekly gain in a growth parameter for each infant was calculated by

dividing the difference between the measurement at birth and that at

the completion of the study by the number of weeks in the study. The

average weekly gains in weight, length, OFC, skin fold thicknesses and

arm muscle circumference for the enteral, parenteral and failed enteral

groups were compared. These comparisons are justified on the basis

that the gestational age at birth and postconceptual age at final

measurement did not differ significantly between the groups. There

were no significant differences in the average gains in weight, crown

heel length, crown rump length or arm muscle circumference over this

period but a marginally greater increase in OFC was noted in the

enteral group compared with the parenteral group (p<0.05)(Table 6.25).

The infrascapular skin fold thickness increased at a greater rate in

the enteral compared with the parenteral group (p<0.05) but no

differences were noted for the other skin fold measurements.



Parenteral Enteral Failed Enteral p value

of infants 22 16 7

al week

1 13.90±1.63 12.07±1.79 12.54±2.36 PvE<0.01
(22) (16) (7)

2 14.11±2.44 15.56±1.24 13.80+1.52 EvP<0.05
(20) (15) (6) EvF<0.05

3 12.62±1.92 15.21±1.19 12.98±1.32 EvP<0.001
(18) (15) (6) EvF<0.01

4 13.23±2.41 14.72±1.36 13.54±1.84 NS
(14) (14) (6)

5 13.72±2.61 14.96±1.43 14.55±3.26 NS
(14) (14) (6)

6 14.01±2.57 14.50±1.39 14.09±2.55 NS
(13) (11) (6)

7 13.66±2.46 14.50±1.42 14.09±2.60 NS
(9) (8) (5)

8 13.95±2.15 14.78±2.40 14.85±2.38 NS

(6) (4) (4)

.24: DAILY CARBOHYDRATE INTAKE IN THE PARENTERAL, ENTERAL AND
FAILED ENTERAL GROUPS DURING THE STUDY PERIOD

Daily carbohydrate intakes (g/kg/day) are expressed as mean values ±1SD.
The number of infants is shown in parenthesis.

The mean daily carbohydrate intake was greater in the parenteral
group compared with the enteral group during the first week of life.
During the subsequent two weeks the intake of the enteral group exceeded
that of the parenteral and failed enteral groups.



Parenteral

Enteral

FailedEnteral

pvalue

Numberofinfants

15

15

6

Gestationalage (weeks) Durationoffollowup(weeks) Postconceptualageat finalmeasurement (weeks) Weightgain (g/week) Crownheellengthgain (cm/week) Crownrumplengthgain (cm/week) OFCgain (cm/week) Armmusclecircumference gain(cm/week)

30.5±1.7 7.2±2.5 37.9±1.8 135.7±38.1 0.86+0.21 0.76±0.17 0.66±0.15 0.25±0.11

Gaininskinfoldthickness(mm/week):
30.3±1.8 6.5±2.0 37.1±2.3 149.1±32.6 0.85±0.25 0.69±0.26 0.77±0.14 0.28±0.13

29.7±1.9 8.2±1.3 37.8±1.6 128.7±27.2 0.81±0.09 0.65±0.10 0.76±0.21 0.17±0.11

NS NS NS NS NS NS EvP<0.05 NS

Biceps Triceps Infrascapular Suprailiac

0.22±0.17 0.28±0.14 0.20±0.11 0.32±0.19

0.26±0.21 0.34±0.16 0.35±0.16 0.33±0.19

0.17±0.10 0.19±0.07 0.19±0.10 0.18±0.04

NS NS EvP<0.05 NS

Table6.25:AVERAGEWEEKLYGAINSINGROWTHPARAMETERSINSURVIVINGINFANTS GainswereaveragedoverthenumberofweeksofstudyforeachinfantfrombirthuntilthetimeofdischargeorEDDwhicheverwasearlier.Thevaluesareexpressedasmeans±1SD
Agreater

increaseinOFCandininfrascapularskinfoldthicknesswasnotedintheenteralgroupcomparedwith theparenteralgroup.



195

Longitudinal growth in the three groups of infants was compared

with normal data for infants of the same postconceptual age. The mean

weekly growth parameters of surviving infants were plotted from the

mean gestational age at birth until the sixth postnatal week (during

which time the mean gestational ages of the groups remained uniform).

The parameters of weight, crown heel length and OFC were compared

with normal values for Scottish infants (Scottish Health Service,

Common Services Agency, 1981). Data from male and female infants was

pooled for the enteral and parenteral feeding groups and compared with

normal values for female infants. All the infants in the failed

enteral group who survived were male and the data for weight, crown

heel length and OFC for this group was compared with normal male data.

During the study period values for full term and preterm infants were

obtained for arm muscle circumference and skin fold thicknesses

(Appendix IV) and these were used as normal data for comparison with

the study groups. For these measurements male and female values were

combined in view of the small numbers.

The mean weight of the enteral group infants had fallen from the

initial value between the tenth and fiftieth percentile at birth to

below the tenth percentile by the second postnatal week. By the third

week the mean value had regained the tenth percentile and remained on

or above that centile for the subsequent three weeks. The mean weight

of infants in the parenteral group had fallen from the initial value

between the tenth and fiftieth percentile to the tenth percentile by

the second postnatal week and remained on or above that centile until

four weeks postnatally. From that time the mean weight was below the
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tenth percentile (Figure 6.1). Similarly, the mean weight of the

failed enteral group had fallen from the fiftieth percentile to below

the tenth percentile by the fourth postnatal week and remained parallel

to that centile for the rest of the study period.

In both the parenteral group and the enteral group the mean crown

heel length had fallen from the initial value between the tenth and

fiftieth percentiles to lie below the tenth percentile by four weeks

postnatally and remained below that centile for the following two study

weeks (Figure 6.2). Similarly crown heel length in the failed enteral

group fell below the tenth percentile after four postnatal weeks.

The mean OFC of both the enteral and parenteral groups had fallen

from between the tenth and fiftieth percentiles to lie on or just below

the tenth centile by the third postnatal week (Figure 6.3).

Thereafter the parenteral group infants remained on or below the tenth

centile but from the third to the sixth postnatal week the mean OFC

value of the enteral group infants rose from the tenth to between the

tenth and fiftieth percentiles. By four weeks postnatally the mean

OFC of the failed enteral group had fallen from the initial value

between the tenth and fiftieth percentile to the tenth percentile and

followed that percentile for the subsequent study period.

In general no significant differences in mean weekly skin fold

thicknesses were noted in infants in the parenteral and failed enteral

groups (Appendix V) when compared with normal values for infants of a

similar postconceptual age (Appendix IV). Flowever, values for the

enterally fed infants tended to exceed the standard values from four

weeks postnatally. The mean values for arm muscle circumference for
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FIGURE 6.1: WEIGHT GAIN IN INFANTS IN THE PARENTERAL AND ENTERAL
FEEDING GROUPS

Mean weekly weight in surviving infants in the parenteral and enteral
feeding groups is related to a normal range of values for infants of a
comparable postconceptual age (Scottish Health Service, Common Services
Agency, 1981).
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FIGURE 6.2: CROWN HEEL LENGTH IN INFANTS IN THE PARENTERAL AND ENTERAL
FEEDING GROUPS

Mean weekly crown heel length in surviving infants in the parenteral
and enteral feeding groups is related to a normal range of values for
infants of a comparable postconceptual age (Scottish Health Service,
Common Services Agency, 1981).
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FIGURE 6.3: OCCIPITOFRONTOCIRCUMFERENCE IN INFANTS IN THE PARENTERAL
AND ENTERAL FEEDING GROUPS

Mean weekly occipitofrontocircumference in surviving infants in the
parenteral and enteral feeding groups is related to a normal range of
values for infants of a comparable postconceptual age (Scottish Health
Service, Common Services Agency, 1981).
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all groups had fallen below the standard values (Appendix IV) by eight

days postnatally (Appendix V) and remained below during the subsequent

four weeks. By six weeks postnatally the arm muscle circumference of

the enteral group infants was similar to that of infants of an

equivalent postconceptual age. Measurements were only available for

25 infants on the expected date of delivery (Table 6.26). Mean values

for weight and crown heel length remained on or below the tenth

percentile in all groups. The mean OFC of the enteral group infants

was on the fiftieth percentile, of the parenteral group infants on the

twenty fifth percentile arid on the tenth percentile for the failed

enteral group.



Parenteral Enteral Failed Enteral p value

Number of infants 10 11 4

Weight (kg) 2.49±0.48 2.74±0.31 2.49±0.29 NS

Crown heel 47.1±3.1 48.1±2.5 47.0±0.9 NS
length (cm)

Occipitofronto- 33.9±2.2 34.7±1.6 33.5±0.9 NS
circumference (cm)

Table 6.26: WEIGHT, CROWN HEEL LENGTH AND OCCIPITOFRONTOCIRCUMFERENCE ON
THE EXPECTED DATE OF DELIVERY

Values are expressed as means ±1SD.

There were no significant differences between the groups in the
measurements obtained on the expected date of delivery.
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DISCUSSION

The study was designed to compare the nutritional effects of

transpyloric feeding from birth with initial total parenteral nutrition

followed by the more gradual introduction of enteral nutrition. The

two groups were comparable with respect to birth weight, gestation,

male-female ratio, the incidence and severity of respiratory distress

and birth asphyxia but the greater number of outborn infants allocated

to the parenteral feeding regimen may have increased morbidity in this

group (Vohr & Hack, 1982). The use of total parenteral nutrition did

not appear to influence the mortality rate, a finding in accord with

other studies where total parenteral nutrition (Yu et al, 1979) and

supplemental parenteral nutrition (Bryan et al, 1973; Pildes et al,

1973; Brans et al, 1974a; Abitbol et al, 1975) were compared with

conventional feeding regimens.

One third of the infants allocated to the enteral feeding group

failed to establish transpyloric feeding during the first week of life

and this commonly resulted from exacerbation of pre-existing

respiratory distress and associated hypoxia. Handling alone may cause

deterioration in sick low birth weight infants (Spiedel, 1978) and

inevitably passage of a nasoduodenal tube involves manipulation of the

infant although this can be minimised by an experienced operator.

Transcutaneous p02 should be monitored during insertion of the tube.

In general increased respiratory distress was not a problem during

insertion of a nasoduodenal tube in infants who were already receiving

IPPV, and Dryburgh (1980) in a study of 46 ventilated neonates noted no

reduction in p02 during the passage of transpyloric tubes. During the
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study period infants were ventilated via orotracheal tubes and although

nasoduodenal tubes were occasionally displaced during emergency

reintubation no real difficulties were experienced with transpyloric

feeding in this group of infants. In other studies infants ventilated

via nasotracheal or orotracheal tubes were successfully fed

transpylorically (Wells & Zachman, 1975; Dryburgh, 1980) and

difficulties seem to have been experienced mainly with face mask

ventilation (Beddis & Mckenzie, 1979). As the presence of a nasal

feeding tube increases airways resistance (Stocks, 1980) and may be

poorly tolerated in the compromised infant it has been advocated that

transpyloric tubes should be passed orally. However, oral tubes are

more difficult to maintain in position and this may result in a

reduction in the volume of feed administered or in an increased risk of

milk aspiration (Beddis & Mckenzie, 1979). A recent report suggests

that oral fixation may be improved by the use of a modified dental

plate to hold the transpyloric tube in position (Sullivan & Haringman,

1981). After the immediate postnatal period transpyloric feeding was

well tolerated by all infants and those infants in the enteral feeding

group who initially failed to establish nasoduodenal feeding as a

result of respiratory distress or difficulty in maintaining tube

position were subsequently successfully fed transpylorically. During

transpyloric feeding one of the main problems was the maintenance of

tube position as despite attempts to secure the tubes firmly and the

use of mittens many infants, particularly as they became more active,

removed the tubes. However the nasoduodenal tubes were normally

repassed rapidly with little difficulty and minimal loss of dietary
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intake. No episode of aspiration was recorded as a consequence of

continued milk infusion following tube displacement but this

complication has been described (Drew et al, 1979; Pereira & Lemons,

1981) and continuous supervision of the infant is necessary in order to

detect tube displacement. One infant in the study group had an

episode of bile aspiration at a time when the transpyloric tube was

demonstrated radiologically to be in the duodenum. He required a

period of ventilation but subsequently recovered. The finding of bile

in gastric aspirates was relatively common as has been noted previously

in infants fed transpylorically (Wells & Zachman, 1975; Schreiner,

1980) and it is possible that nasoduodenal tubes may obstruct the

passage of bile from the duodenum. Milk was also aspirated from the

stomach of infants in whom the nasoduodenal tube was known to be in

position and the volume aspirated appeared to be related to the rate of

milk infusion. It has been demonstrated in adult males that during

infusion of the upper gastrointestinal tract the amount of fluid which

refluxes through the pylorus is related both to the tube position and

to the volume infused, tube positions in the proximal duodenum being

associated with a significantly higher incidence of reflux than those

in the distal duodenum or proximal jejunum (Gustke et al, 1970).

Biliary reflux may also have a role in producing gastric irritation

(Hoare & Bradby, 1981) and thus be responsible for the detection of

blood stained nasogastric aspirates in some infants. Loose stools

were noted in several infants as reported in a previous series

(Dryburgh, 1980) although in two studies comparing nasogastric and
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transpyloric feeding the incidence of diarrhoea did not differ between

the groups (Drew et al, 1979; Pereira & Lemons, 1981).

Necrotising enterocolitis was diagnosed in five infants and

suggestive signs and symptoms were present in one other. NEC is known

to be related to milk feeding (Sweet, 1980) which had been introduced

in all these infants prior to the onset of symptoms. Eyal et al,

(1982) noted a decreased incidence of NEC in infants of less than 1500g

birth weight when the onset of feeding was delayed for two to three

weeks after birth. The infants studied were a high risk group for the

development of NEC (Sweet, 1980; Stol1 et al, 1980) and the incidence

was similar to the 66/1000 reported in infants of less than 1500g

(Stoll et al, 1980). A high fluid intake is associated with an

increased risk of NEC (Bell et al, 1979) and there must be some concern

that three infants developed symptoms during the first week of life at

which time a relatively high fluid intake was achieved. Therefore the

volume of milk given during the first week of life, particularly to the

very low birth weight infant, should probably be reduced from that in

the study protocol. In infants who developed NEC intermittent

nasogastric boluses of milk were used when feeding was recommenced

because of the possible role of transpyloric tubes in the development

of NEC.

Sepsis is recognised to be the most serious complication of

parenteral nutrition in paediatric patients (Filler et al, 1977;

Burrnan, 1979; Reimer et al, 1980) and the preterm infant is extremely

susceptible to infection (Gotoff, 1974). Acquired bacterial infection

occurred in 73% of the infants in the parenteral group and two-thirds
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of infective episodes were associated with a positive blood culture.

Three infants died as a consequence of infection having required full

supportive measures including ventilation and the administration of

blood products for correction of disordered coagulation. Three other

infants with acquired bacterial infections required blood products thus

exposing them to the risk of acquired viral infection (Yeager et al,

1981). The incidence of acquired septicaemia in association with

parenteral nutrition varies in different series and figures of 0-50%

have been quoted (Boeckman & Kri 1 1 , 1970; Peden & Karpel , 1972; Shaw,

1973; Brans et al, 1974a; Yu et al, 1979). Sondheimer et al (1978)

considered sepsis to be almost inevitable in the very low birth weight

infant receiving parenteral nutrition. Septicaemia has been reported

less commonly in infants receiving peripheral parenteral nutrition

(Brans, 1977) and several authors have recorded no episodes of

infection when using the peripheral route (Pildes et al, 1973; Brans et

al, 1974a; Cashore et al, 1975). Twelve of the 19 episodes of

septicaemia in the parenteral feeding group occurred while a central

line was in situ and indwelling catheters may act as a source of

infection or as a focus for bacterial growth (Filler et al, 1977).

However, peripheral cannulae may also become colonised with bacteria

although there is some evidence that scalp vein needles are less liable

to this problem than plastic cannulae (Peter et al, 1972). Because of

the technical difficulties in maintaining an infusion in the very low

birth weight infant resulting in decreased caloric intake, and the

tissue damage which may be caused by extravasation of intravenous

fluids (Brans, 1977), it was decided to utilise central lines when
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possible during this study. Most of the infants who initially had

central lines in situ subsequently required peripheral lines. Severe

tissue necrosis following extravasation was seen in three infants but

in all cases these lesions healed and did not require skin grafting.

Minor areas of skin loss were seen in several other infants despite

careful and regular inspection of infusion sites by the nursing staff.

Care was also taken during fixation of peripheral lines to ensure

maximum exposure of the site so that any extravasation could be rapidly

recognised. Although many of the episodes of infection occurred at

the time a central line was in situ acquired septicaemia also occurred

during periods of peripheral intravenous feeding. Strict attention to

asepsis decreases the risk of acquired bacterial infection during

parenteral nutrition (Sanders & Sheldon, 1976) and although during this

study period fluids were not prepared in a laminar flow chamber, strict

aseptic techniques were adhered to and procedures were carried out by

trained personnel in a unit where total parenteral nutrition has been

in use for many years. The possibility has been raised that the use

of Intralipid may be associated with an increased incidence of

infection as Intralipid has been shown to inhibit chemotaxis in human

neutrophils in vitro (Fischer et al, 1980). Fat deposition in the

cells of the reticuloendothelial system has been described in infants

who have received intravenous lipid preparations (Koga et al, 1975;

Passwell et al, 1976; Friedman et al, 1978) and this may have possible

adverse effects on the response to bacterial infection. However

Intralipid has been used in studies in preterm infants with no reported

acquired bacterial infection (Gunn et al, 1978; Yu et al, 1979). The
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parenterally fed infant may also be deprived of the antibacterial

factors present in breast milk (Welsh & May, 1979) which are present

particularly during the first few days of lactation (McClelland et al,

1978).

Hepatic dysfuction which is known to occur during parenteral

nutrition (Touloukian & Seashore, 1975; Sondheimer et al, 1978; Postuma

& Trevenen, 1979; Vileisis et al, 1980) developed in eight infants who

received parenteral nutrition, two of whom had failed to establish

enteral nutrition and received parenteral supplementation. A striking

association with infection was noted as has previously been reported

(Manginello & Javitt, 1979).

Biochemical and radiological rickets was more common in infants

who initially received parenteral nutrition. Inadequate provision of

calcium, particularly in infants who received peripheral parenteral

nutrition has to be considered as one aetiological factor as the

calcium intake in the parenteral group was below that of the enteral

group initially.

Although the maximal postnatal weight loss was similar in the

parenteral and enteral group infants, the minimum weight was achieved

significantly earlier in the parenteral group and these findings are in

accord with those of Yu et al (1979). In contrast to that study

however, when parenterally fed infants regained their birth weight

before those who were enterally fed, no differences were noted between

the groups in the present study in the time at which birth weight was

regained. This may be related to the timing of introduction of

enteral feeding in the parenteral group, as in Yu et al's (1979) study,
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enteral feeding was not introduced until after the second postnatal

week, but in another study where enteral nutrition was introduced

earlier no difference in the time to regain birth weight was noted in

the parenterally supplemented compared with the unsupplemented infants

(Gunn et al, 1978). In the present study the mean time of commencing

enteral nutrition in the parenteral feeding group preceded the time at

which birthweight was regained. All three groups of infants lost

weight over the first week although the net loss was less in the

parenteral group who had higher nitrogen and caloric intakes than the

enteral and failed enteral groups. The mean caloric intake of the

parenteral group over this period exceeded that considered necessary

for growth (Coran 1973; Cashore et al, 1975) whereas that of the

enteral and failed enteral groups may have been less adequate (American

Academy of Pediatrics Committee on Nutrition, 1977; Brooke et al,

1979). It has been suggested that the improved weight gain pattern

seen in parenterally fed infants is due to water retention (Brans et

al, 1974a) but a marginally greater increase in length was also seen in

the parenteral compared with the failed enteral group during this first

postnatal week. From the second postnatal week onwards the mean

caloric intake exceeded that required for growth and the mean increment

in weight was positive in all groups. A greater increase in weight

and OFC was noted in the enteral group compared with the parenteral

group during the third postnatal week with a marginally greater

increase in length during the following week. This corresponds to the

time of switchover from parenteral to enteral nutrition and both the

nitrogen and calorie intake in the parenteral feeding group were lower
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than that of the enteral group during the second and third postnatal

weeks. The use of total parenteral nutrition may prevent the

maturation of the gut hormonal system with subsequent difficulties in

establishing enteral nutrition (Becker, 1980) and it was hoped that in

the parenteral feeding group the benefits of more adequate caloric

intake could be combined with stimulation of the gut hormonal system by

a gradual introduction of milk feeding so that by the time the switch

occurred enteral feeding could be satisfactorily established. However

there is no evidence from this study that this was so. The increased

incidence of acquired bacterial infection in the parenteral feeding

group particularly in the second and third postnatal weeks may of

course have adversely affected growth in this group by increasing

catabolism (Burman, 1982). During the second and third postnatal

weeks the enteral group infants required higher fluid intakes than the

parenteral group infants in order to maintain normal hydration as was

noted by Yu et al (1979).

When considering the average weekly increments in growth

parameters over the study period the comparisons have to be viewed in

the light of the fact that infants who failed to establish enteral

nutrition initially were among the sicker members allocated to the

enteral feeding group and therefore it would be expected that it would

be more difficult to achieve adequate nutrition in these infants. In

addition, the enteral feeding group subsequently would be at an

advantage when compared with the parenteral group. In comparing the

three groups over the period of inpatient stay no differences in the

average weekly gains in weight, crown heel or crown rump length were
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noted. Brans et al (1974a) noted no differences in weight gain or

skinfold thickness increase in parenterally supplemented compared with

unsupplemented infants of less than 1500g birth weight. The increment

in infrascapular skinfold thickness was lower in the parenteral

compared with the enteral group but it is difficult to attribute

significance to this when there were no differences in other skinfold

measurements. There was a greater increase in OFC in the enteral

group compared with the other two groups over the study period and the

timing of peak velocity of head growth may have influenced this

finding. Largo and Due (1977) noted peak velocity of head growth 11

days postnatally in well preterm infants but in a further study of

healthy infants of 30-33 weeks gestation the peak velocity occurred

four to six weeks postnatally (Fujimura & Seryu, 1977). The latter

study indicated that the timing of peak velocity was related to

gestational age at birth with more immature infants having a later peak

velocity. However, impaired caloric intake and illness are known to

affect head growth (Davies & Davis, 1970; Glass et al, 1975; Fujimura,

1977) and Marks et al (1979) noted in a group of infants of 28-32 weeks

gestational age who had significant neonatal problems that during the

first four weeks of life the velocity of head growth was below that of

the normal foetus. Following recovery from illness growth appeared to

parallel intrauterine growth with subsequent catchup. In the groups

studied the mean increment in head growth was maximal between the third

and seventh postnatal weeks with the enteral group peaking earlier than

the parenteral or failed enteral groups. It is possible that the

increased average gain in OFC in enterally fed infants was due to the
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earlier spurt in this group with all infants in this group achieving

their growth spurt during the study period. However, Fujimura (1977)

noted a peak velocity of head growth by five weeks postnatally in ill

preterm infants of less than 34 weeks gestational age and as all the

groups were studied for at least six weeks most infants should have

experienced at least part of the growth spurt within the study period.

It is considered by many that the aim of optimum nutrition in the

preterm infant should be to achieve equivalent intrauterine growth

postnatally (Shaw, 1973; Davies & Evans, 1978) and reference standards

for intrauterine growth have been compiled from infants born

prematurely (Lubchenko et al, 1963; Usher & McLean, 1969; Babson et al,

1970; Tanner & Thomson, 1970; Kitchen et al, 1981). Although it has

been emphasised that preterm birth is an abnormal occurrence and that

these standards may not reflect accurately the growth of foetuses who

remain in utero (Ounsted & Ounsted, 1973) at present no other standards

are available. Many factors influence intrauterine growth including

the social and economic status of the mother, race of the mother and

patterns of medical care (Kitchen et al, 1981) and therefore standards

used for comparison should conform as closely as possible to the

infants under study. The reference standards used for this study were

compiled from computer data accumulated on infants born between 1973

and 1979 in Scotland (Scottish Health Service, Common Services Agency,

1981). Infants were excluded from this data if the maternal dates

differed by more than two weeks from the gestational assessment at

birth. Although this data was accumulated by many individuals and

therefore lacks the precision of previous standards, relatively large
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numbers of infants were included. Because of the small numbers of

infants in the study groups measurements for the sexes were combined.

Comparisons of enteral and parenteral groups were made with female

standards as there were more female survivors. Since all the

survivors in the failed enteral group were male, their mean

measurements were compared with male standard values. In all three

groups mean weight fell from the initial percentile at birth to at or

below the tenth percentile and then continued parallel to the

intrauterine curve. The mean length in the study groups also fell

below the tenth percentile but not until the fourth postnatal week and

Babson (1970) noted length to fall below the intrauterine curve by the

third week. The mean weights of the groups studied on the expected

date of delivery were still on or below the tenth percentile and the

mean weight of the enteral group was similar to that noted by Whitfield

(1982) for nasogastrically fed very low birth weight infants.

Initially OFC showed a decrease in all groups when related to the

standard curves but subsequently a relative increase in OFC was noted

with the mean OFC of the enterally fed infants being on the fiftieth

percentile by the EDD. It has been shown previously that no increase

in OFC occurs during the first postnatal week in preterm infants

(Fujimura & Seryu, 1977; Largo & Due, 1977) and thereafter there is an

increased velocity of head growth with head circumference at EDD

exceeding that of AGA term infants. The suggested reasons for this

are either that at the EDD preterm infants are growing rapidly at a

time that intrauterine growth is slowing down, or that it is due to an

alteration in the head shape of the preterm infant affecting the
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measurement of OFC (Baum & Searls, 1971). Most studies agree that by

the third month after the EDD the head size of term and preterm infants

is similar (Davies, 1981). Dobbing & Sands (1978) demonstrated a

marked difference in the head circumference velocity curve and brain

weight velocity curve and therefore it is uncertain what relevance the

spurt in head growth has to brain growth in the preterm infant.

In all three groups arm muscle circumference fell below the normal

values for infants of a similar postconceptual age. This may well

reflect initial failure to provide sufficient nitrogen to allow

intrauterine accretion to be emulated (Zlotkin et al, 1981). During

the initial postnatal period skinfold thicknesses were not

significantly different from standard values but from four weeks

postnatal age (34 weeks postconceptual age) skinfold thicknesses in the

enteral group tended to exceed the standard values. It is likely that

these differences were exaggerated at 36 and 37 weeks postconceptual

age as the mean birth weights of the standard infants at these

gestational ages were around the tenth percentile. However the rate

of skinfold increase in the enteral group infants was similar to that

of formula fed very low birth weight infants (Reichman et al, 1981) in

whom fat accretion occurred at three times the foetal rate. It may be

therefore that fat accretion was occurring at a more normal postnatal

rate in enterally fed infants compared with those in the parenteral and

failed enteral groups.

The main differences in biochemical measurements between the

parenteral and enteral feeding groups were noted during the first two

postnatal weeks. Since the mean time to establish enteral nutrition
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in the parenteral group was three weeks and thereafter feeding regimens

in the groups were similar marked differences would not be anticipated

after this time. The mean plasma calcium value of the enteral group

fell significantly below that of the parenteral group during the first

five days of life with the minimum value being reached on the second

postnatal day. This relative hypocalcaemia is recognised to occur in

preterm infants with a decrease in plasma calcium values from cord

levels over the first two to three days of life (Tsang et al, 1973;

Hillman et al, 1977) at a time when parathormone values are low or

undetectable (David & Anast, 1974; Root et al, 1976). As expected,

plasma calcium values rose in the enteral group from day 5 and

stabilised during the second week probably reflecting increased

parathormone responsiveness with increasing postnatal age (Tsang et al,

1973). The decrease in plasma calcium did not occur in the parenteral

group and this may have been due to maintenance of the plasma calcium

value by infusion as intravenous calcium administration has been shown

to prevent the development of hypocalcaemia in at risk infants (Nervez

et al, 1975). Although there was no difference in the mean calcium

intake between the two groups during the first postnatal week the

amount of calcium retained by the parenteral group would be greater in

view of the impaired calcium absorption from the gut in preterm infants

(Shaw, 1976) and this improved calcium retention may have contributed

to the higher calcium values demonstrated in the parenteral group.

Plasma phosphate values decreased in both groups during the first

postnatal week but the fall was more marked in the parenteral feeding

group, reaching a minimum value on day 5 and remaining below that of
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the enteral group from the third to the seventh day of life. A

significantly greater phosphorus intake was recorded in the enteral

group and this may well account for the higher values as phosphorus

retention is relatively efficient even in enterally fed newborn

infants. A high dietary intake of phosphorus is associated with the

development of hypocalcaemia towards the end of the first postnatal

week in infants (Tsang et al, 1976) but phosphorus intake in the groups

studied did not approach that usually associated with this effect.

The higher sodium intake provided by total parenteral nutrition

compared with milk feeding may account for the higher plasma sodium in

the parenteral group on the second day and the more significant

decrease in the enteral group during the second postnatal week.

Hyponatraemia was common in both study groups as has been noted

previously in infants of a similar birth weight (Day et al, 1976; Roy

et al, 1976) and the majority of infants studied required sodium

supplementation during enteral nutrition to maintain the plasma sodium

above 130mmol/l. This supplementation was required particularly

between the second and fifth postnatal weeks as has been found

previously (Roy et al, 1976; Chance et al, 1977). In the parenteral

feeding group the more frequent use of insulin, which in conjunction

with glucose promotes the cellular uptake of potassium (Houston, 1979)

may account for the lower mean plasma potassium value in the parenteral

group during the first two days of life. The reason for the higher

plasma creatinine value in the parenteral group on the first day of

life is unclear. Plasma creatinine levels at this time reflect

maternal values but although maternal values were not ascertained there
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is no reason to suspect that the groups differed significantly in this

respect. Plasma creatinine rose thereafter in the enteral feeding

group to exceed that of the parenteral group throughout the first two

postnatal weeks. Stonestreet and Oh (1978) noted a mean plasma

creatinine value of 115±6ymol/l (1.3±0.07mg/100ml) in preterm infants

during the first ten days of life and this figure is comparable to that

of infants in the enteral feeding group. It is possible that the

lower plasma creatinine values in the parenteral group represent a

dilutional effect as the normal decrease in extracellular fluid volume

which occurs after birth (Maclaurin, 1966) may be modified by the

administration of intravenous fluids (Brans et al, 1976).

Subsequently in both the enteral and parenteral groups plasma

creatinine declined as has been recorded by Stonestreet and Oh (1978)

who noted a decrease to a value of 53.0±4ymol/I (0.6±0.05mg/100ml) by

one month of age and little change thereafter. During the latter part

of the first postnatal week and throughout the second week the mean

plasma albumin values of the enteral group exceeded those of the

parenteral group. In preterm infants levels of serum protein and

albumin relate to protein intake (Davidson et al, 1967; Fomon et al,

1977) and although the mean intake of nitrogen was lower in the enteral

group during the first postnatal week, during the second week of life

both the nitrogen and calorie intake was significantly higher in the

enteral group possibly resulting in increased protein synthesis at this

time. Gunn et al (1978) noted an increase in serum protein in infants

receiving total parenteral nutrition compared with those orally fed but

the parenterally fed infants had a significantly greater calorie intake
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and presumably better nitrogen retention. Alternatively the lower

albumin values in the parenteral group might again reflect a dilutional

effect. There were no differences in mean albumin values after the

first two weeks of life and by six weeks of age values were similar to

those quoted for low birth weight infants (Raiha et al, 1976;

Svenningsen et al, 1982).

Hyperglycaemia is a well recognised complication of glucose

infusion in preterm infants (Dweck & Cassady, 1974; Cowett et al, 1979)

and elevated blood glucose measurements were noted in over half the

infants in the parenteral feeding group and in 22% of the enterally fed

infants at a time when they were receiving intravenous glucose. The

period of greatest risk for the development of hyperglycaemia is in the

first two to three days of life (Miranda & Dweck, 1977) as was found in

this study. Infusions of glucose at a rate of 6-8mg/kg/min

(8.6-11.4g/kg/day) are commonly associated with hyperglycaemia. The

parenteral regimen used during the period of the study provided 7.9g

glucose/lOOml infusate and at the planned fluid intake the upper limit

quoted should not have been exceeded until the sixth postnatal day but

the mean carbohydrate intake during week one was in fact greater than

13g/kg/day in the parenterally fed infants. With regular assessment

of blood glucose particularly during the first few days of life

hyperglycaemia was rapidly recognised and no significant losses of

fluid and electrolytes were noted. Hyperglycaemia was treated with

small doses of intramuscular insulin repeated as necessary.

Hypoglycaemia following administration of insulin was uncommon and in

addition the use of insulin has the theoretical benefits of increased



215

amino acid retention (Cockburn et al, 1981) and increased protein

synthesis (Lundholm & Schersten, 1977).

Fresh expressed breast milk from the infant's own mother was used

whenever possible during this study in view of the improved nutrient

absorption, particularly of fat (Widdowson, 1981a), potential

antibacterial effects (Welsh & May, 1979) and possible protective role

against the development of NEC (Gustafson & Kjellman, 1981). Some

expressed milk was given to 80% of infants during the first two weeks

of life but in none of the groups did it provide more than 15% of

intake subsequently and only five infants were successfully

breastfeeding at the time of discharge home. Concern has been

expressed with regard to the adequacy of human milk, particularly

pooled human milk, for the growth of preterm infants (Davies, 1977;

Fomon et al, 1977). Infants of 28-32 weeks gestational age fed pooled

human milk showed slower rates of weight gain, head growth and increase

in length over the first month of life compared with those fed

artificial milk formulas although by the following month intrauterine

growth rates were achieved in the group fed human milk (Davies, 1977).

Better growth may be achieved by feeding preterm infants milk from

their own mothers rather than pooled breast milk (Atkinson et al,

1981). Breast milk varies greatly in composition (Brooke et al, 1982;

Hibberd et al, 1982) and this variability may be even greater in

preterm milk than in term milk (Gross et al, 1981). As facilities

were not available for analysing individual milk samples, this

variation in composition was not taken into account when computing

dietary intakes and therefore the validity of such calculations may be
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questioned. The protein content of both term and preterm milk

decreases with increasing lactation from the high levels in colostrum

and transitional milk to the lower levels in mature breast milk (Gross

et al, 1981; Hibberd et al, 1982). In addition, the protein content

of preterm milk may exceed that of term milk, particularly during the

first two weeks of lactation (Atkinson et al, 1981; Gross et al, 1981)

although Sann et al (1981) did not detect such a difference. These

variable results may reflect differences in the methods of milk

collection and analysis. However it is generally agreed that the milk

produced by preterm mothers during the initial weeks of lactation has a

higher protein content than pooled mature breast milk (Schanler & Oh,

1980; Atkinson et al, 1981; Sann et al, 1981). If this higher protein

content is taken into account then the nitrogen intake of parenteral

and enteral groups probably did not differ during the first postnatal

week. Since subsequently the percentage intake from breast milk was

similar in the two groups significant differences between them should

not have been affected. Although individual differences cannot be

accounted for, the mean fat content of preterm milk is similar to that

of term milk and is not affected by the stage of lactation (Atkinson et

al, 1981; Gross et al, 1981). Since the lactose content of preterm

milk is lower than that of pooled breast milk (Atkinson et al, 1981)

the carbohydrate intake of the enteral group may have been

overestimated, particularly during the initial two weeks after birth.

The variability of breast milk composition makes it difficult to assess

dietary intakes adequately in the clinical situation. However since

the percentage intake derived from breast milk was similar in the study
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groups it is hoped that failure to take this variability into account

will not have greatly affected the statistical significance of the

results obtained.
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SUMMARY

A controlled study was carried out in preterm infants weighing less

than 1500g at birth to compare initial parenteral nutrition followed by

gradual introduction of enteral nutrition with enteral nutrition from

birth. Nasoduodenal feeding was well tolerated by the majority of

infants including those receiving intermittent positive pressure

ventilation. The major dificulties were experienced with

non-ventilated infants with severe respiratory distress. In one third

of infants initially allocated to the enteral group it was not possible

to establish nasoduodenal feeding during the first week of life and

they received parenteral nutrition, but in all surviving infants it was

possible subsequently to achieve enteral feeding.

The maximal postnatal weight loss occurred significantly earlier

in the parenteral group compared with the enteral and failed enteral

groups but there were no significant differences between the groups in

the maximal weight loss nor in the time to regain birth weight. No

beneficial effects on growth from birth until the EDD were noted in the

parenteral group and the enteral group had a greater average weekly

increase in OFC over the period of study. The gradual introduction of

enteral feeding in the parenteral group did not prevent the

deterioration in growth pattern associated with the switchover from

parenteral to enteral feeding. Significant morbidity and mortality

resulted from acquired bacterial infection in parenterally fed infants.

Although several infants developed necrotising enterocolitis while

enterally fed only one death occurred. In view of the greater

complexity of parenteral nutrition and its significant complications,
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it should be reserved for those infants in whom enteral nutrition is

not possible and not employed routinely in very low birth weight
infants.



220

CHAPTER 7

GENERAL DISCUSSION

The preterm infant has considerable potential for postnatal growth as

growth is at its most rapid between conception and term. Failure to

achieve adequate nutrition in such infants may result in poor early

growth and have significant adverse effects on long term growth and

development. Evaluation of nutritional status includes consideration

of anthropometric and biochemical measurements but there are many
w

difficulties associated with such assessment in the preterm infant.

Throughout these studies intrauterine growth has been used as the

standard against which the postnatal progress of the preterm infant has

been judged. Although it is considered by many that the postnatal

growth of the preterm infant should equal that which would have

occurred in utero (American Academy of Pediatrics Committee on

Nutrition, 1977; Davies, 1981) there are those who dispute that such

growth is either ideal or possible. It may be necessary to balance

desirable growth against what can be achieved given the functional

limitations particularly of the renal and gastrointestinal tracts.

Currently available standards of intrauterine growth have been

criticised since they are based on cross-sectional data from infants

born prematurely and may not represent normal intrauterine growth

(Ounsted & Ounsted, 1973). However such measurements do seem to

correlate reasonably well with longitudinal data from sequential

ultrasound studies (Brook, 1982a) and at present no more satisfactory

standards are available. Values for Scottish infants born between
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1973 and 1979 were used for comparative purposes during these studies.

Although this data was accumulated by many individuals and lacks the

precision of previous standards, it is up to date, relatively large

numbers of infants were included, and the population is appropriate to

the infants studied. However, it has the disadvantage of being

cross-sectional information which may be particularly misleading with

respect to growth velocity (Tanner, 1978) and more accurate information

is required from longitudinal ultrasound studies of intrauterine

growth. Intrauterine standards are probably inappropriate at 38-40

weeks gestational age when in utero constraints produce a reduction in

growth velocity which would not be expected in the preterm infant at a

similar postconceptual age.

On the basis of anthropometric standards the infants studied did

not achieve intrauterine growth rates postnatally. After the initial

downward trend over the first week of life growth tended to follow the

tenth percentile with a degree of catch-up head growth by the expected

date of delivery. It could be argued that the initial fall-off in

weight represents the alteration in total body water which occurs in

the immediate postnatal period and that growth velocity thereafter was

reasonable. However this argument cannot be applied to length and

head circumference which also failed to increase over this initial

period. Measurements of body composition may provide more precise

information regarding nutritional status and in the study infants arm

muscle circumference, reflecting muscle mass, was noted to fall below

the equivalent intrauterine standards postnatally. Since in normally

growing preterm infants postnatal nitrogen accretion equals the in
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utero rate (Reichman et al, 1981) this would indicate that nutrition

was not optimal in the study groups. In contrast fat accumulation as

judged by skinfold measurements appeared to exceed the in utero rate

postnatally particularly in the enteral feeding group. However this

is hardly surprising since it is recognised that postnatal fat

accretion in preterm infants occurs at about three times the in utero

rate (Reichman et al, 1981). Failure of infants in the parenteral and

failed enteral groups to exceed the in utero values may therefore

reflect decreased postnatal fat accumulation.

Before biochemical measurements can be used to assess nutrition in

the preterm infant normal values must be defined. Should such normal

values be those for infants of a similar postconceptual age derived

from measurements obtained from infants of varying gestational age at

birth? This concept presupposes that the postnatal development of a

given parameter in the preterm infant is the same as that which would

have occurred in utero. This may be so for certain values such as

plasma albumin and copper which appear to be a function of gestational

age at birth and of postconceptual age in the preterm infant studied

postnatally. But postnatal maturation is not always a function of

gestational age as is seen from the hepatic gl ucuronidation of

bilirubin. Biological variation in the parameter studied may also

have to be considered. Plasma alkaline phosphatase activity during

the first week of life was noted to be higher in preterm infants when

compared with more mature infants. This variation could be due to the

presence of different isoenzymes of alkaline phosphatase as has been

noted in some immature animals when compared with their mature
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counterparts (Fishman, 1974) and further isoenzyme studies are

necessary to assess this possibility in the human infant.

If it is considered that optimum growth was not achieved in the

infants studied, how useful were the various biochemical parameters in

assessing nutrition? In preterm infants a significant correlation was

demonstrated between plasma alkaline phosphatase activity and

radiological evidence of rickets and therefore sequential plasma

alkaline phosphatase values do provide a useful method of screening for

and monitoring rickets in preterm infants. Calcium supplementation

reduced the incidence and severity of radiological change and was

associated with a reduction in peak alkaline phosphatase activity but

did not prevent the development of rickets in some infants. It may be

that the level of calcium supplementation was inadequate as considering

the impaired calcium absorption of these infants (Shaw, 1976) the

intakes achieved would still have been insufficient to allow emulation

of intrauterine accretion. In addition, the calcium intake of the

study infants was lower than that with which normal postnatal bone

mineralisation has been achieved. Therefore further studies are

necessary to assess whether further increased calcium supplementation

will prevent rickets in these infants. The effect of supplementary

phosphorus should also be investigated. In some infants plasma

alkaline phosphatase activity was noted to rise outwith the normal

range for infants of a similar postconceptual age despite the absence

of radiological evidence of rickets. It is recognised that plasma

alkaline phosphatase values rise in infancy, reach a plateau and rise

again in the peripubertal period (Posen & Doherty, 1981) and this
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increase parallels the pubertal growth spurt during which there is a

great change in skeletal growth and mineralisation (Krabbe et al,

1979). Therefore in these infants the rise in plasma alkaline

phosphatase activity may represent active skeletal growth in the

postnatal period and it would be interesting to relate sequential

plasma alkaline phosphatase values with linear growth velocity in the

postnatal period in preterm infants without radiological evidence of

rickets. In addition, the higher initial plasma alkaline phosphatase

values noted in preterm infants may reflect active in utero bone growth

with maximum linear growth velocity occurring between 18 and 22 weeks

gestation (Tanner, 1978). Further information is required regarding

alkaline phosphatase activity in foetuses prior to 26 weeks gestation

and in utero linear growth velocity.

Plasma albumin, a commonly used biochemical parameter of

nutritional status, did not prove useful in assessment as despite other

evidence of suboptimal nutrition in preterm infants, postnatal plasma

albumin values followed the normal increasing pattern with gestational

age. The value of plasma copper and zinc as indicators of nutrition

in preterm infants has not been established. In the adult plasma

copper is considered a relatively good indicator of copper deficiency

(Underwood, 1977a) but in the preterm infants studied plasma copper

increased with postconceptual age and appeared to reflect a

maturational process. Hepatic stores of copper probably prevent the

development of overt copper deficiency during the initial postnatal

period despite inadequate dietary retention of copper. However, a

plasma copper value below that expected for the postconceptual age of
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an infant should alert one to the possibility of developing copper

deficiency. The role of plasma zinc as a marker of nutritional status

is even less clear. It is difficult to decide from the data obtained

what the normal range of values should be for the preterm infant.

Plasma zinc is not considered to be a good index of total body status

although declining values have been shown to be associated with the

syndrome of acute zinc deficiency (Kay, 1981). None of the infants

studied developed clinical evidence of zinc deficiency but during the

postnatal period a marked fall in plasma zinc values was noted and

reduced bone zinc content reflecting zinc depletion has been

demonstrated in preterm infants at this time (Mcintosh et al, 1974).

Preterm infants do not establish positive zinc balance for some weeks

postnatally and this could certainly account for the decrease in plasma

zinc values over this period. However confirmation of this

association would depend on the assessment of sequential plasma zinc

values in conjunction with repeated zinc balance studies. If a

relationship is established it would be important to assess whether

dietary zinc supplementation of preterm infants results in increased

zinc absorption as has been demonstrated in infants and older children

(Ziegler et al, 1977). A factor to be considered during such studies

is the mode of feeding employed. The majority of preterm infants

studied sequentially received enteral feeding initially via the

nasoduodenal route and since zinc is absorbed in the small intestine

especially in the duodenum and proximal jejunum (Underwood, 1977b)

nasoduodenal feeding may impair zinc absorption. Therefore zinc

balance should be evaluated in infants receiving nasogastric and
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transpyloric feeding to assess the effect of the route of

administration on zinc absorption.

In order to overcome the problems of immaturity, particularly of

the gastrointestinal tract, various modes of nutrition have been

employed in the preterm infant. The aim must be to achieve optimum

nutrition with minimum complications. The comparative benefits and

disadvantages of initial total parenteral nutrition and nasoduodenal

feeding were studied in a group of very low birth weight infants. It

was hoped that the use of total parenteral nutrition associated with

the gradual introduction of nasoduodenal feeding would provide an

initial high caloric intake and permit maturation of the gut hormonal

system such that when feeding was established absorption of nutrients

would be optimal. Although during the first week of life weight loss

was less marked in infants receiving parenteral nutrition than in

enterally fed infants during the period of switchover from parenteral

to nasoduodenal feeding weight gain and head growth decreased in the

parenteral group when compared with the enteral group. Therefore the

gradual introduction of nasoduodenal feeding did not appear to prevent

a decrease in growth rate at the time of transfer from parenteral to

enteral nutrition. In view of the increased incidence of acquired

bacterial infection in the parenterally fed infants it is possible that

part of this decreased growth was related to the catabolic effects of

infection. When considering longitudinal growth it could be argued

that the final enteral group was at an advantage when compared with the

parenteral group as although the groups were initially similar many of

the sicker infants initially allocated to the enteral feeding group
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failed to establish nasoduodenal feeding during the first week of life.

Although the growth from birth to EDD of the failed enteral group did

not appear to be significantly poorer on the basis of weight, length

and head circumference, certainly arm muscle circumference and skinfold

thicknesses increased more slowly in these infants postnatally.

Significant complications were associated with the use of total

parenteral nutrition and since no advantages in terms of growth were

demonstrated the routine use of total parenteral nutrition cannot be

recommended. However, under certain circumstances it will be

necessary to parenterally feed very low birth weight infants and it is

important to minimise the incidence of complications. The aetiology

of parenteral nutrition associated hepatic dysfunction is probably

multifactorial but a striking association with bacterial infection was

noted in the infants studied. Strict attention to technique is known

to reduce the incidence of infection during parenteral nutrition and it

would be ideal if the total daily intravenous requirements for an

infant could be provided in one infusion pack and the number of

potential entry sites in the intravenous circuit reduced. However

there are problems associated with the provision of a lipid emulsion in

combination with amino acid and dextrose electrolyte solutions.

Another potentially important factor in the development of hepatic

dysfunction is the timing of enteral feeding, the onset of which is

followed by significant local and hormonal effects on gastrointestinal

function (Aynsley-Green, 1982). Such hormonal responses are delayed

in preterm infants but even in immature infants feeding quickly induces

progressive changes in pre- and postprandial concentrations of hormones
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such as motilin, gastrin and enteroglucagon, so that by three weeks of

age the values in preterm infants exceed those of six day old term

infants (Lucas et al, 1980a). However such changes do not occur in

infants fed parenterally suggesting that enteral feeding is responsible

for the postnatal induction of gut hormonal surges (Aynsley-Green,

1982) and failure to initiate enteral feeding in the preterm infant may

lead to biliary stasis with secondary effects on hepatic function. In

infants in whom enteral feeding is not initially possible perhaps it

would be feasible to give very small quantities of milk by mouth to

assess whether this would prevent the development of hepatic

dysfunction in these infants.

If the enteral route is preferred in the very low birth weight

infant, what method of feeding should be employed? In the groups

studied, failure to achieve optimum growth in the enterally fed infants

may have been due to the use of nasoduodenal feeding, as it has been

shown that growth velocity of preterm infants fed nasojejunally is

decreased compared with those fed nasogastrically (Whitfield, 1982).

Transpyloric feeding bypasses the stomach where lipolysis of dietary

lipid is initiated by lingual lipase (Hamosh, 1979) and impaired fat

absorption has been demonstrated in preterm infants receiving

nasojejunal feeding (Roy et al, 1977) although not in those fed

nasoduodenally (Van Caillie & Powell, 1975). Healthy preterm infants

receiving milk by continuous gastric infusion have a different

endocrine profile to those receiving boluses of milk (Aynsley-Green,

1982) and therefore continuous transpyloric administration of milk may

alter the hormonal profile which is produced in the preterm infant and
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modify the subsequent effects on the development of gastrointestinal

function. It is important to assess whether intermittent or

continuous nasogastric feeding has significant nutritional advantages

when compared with nasoduodenal feeding which outweigh the respiratory

problems.

How do we determine the type and composition of the feed for the

preterm infant? Intrauterine accretion can be used as a model for the

dietary requirements of the preterm infant but consideration must be

given to the infant's ability to digest, metabolise and utilise

nutrients. For example, absorption of calcium is significantly less

than 100% in preterm infants and the high urinary sodium loss results

in a dietary sodium requirement which markedly exceeds that necessary

for intrauterine accretion. Maturation of organ function also affects

nutrient requirements as, for instance, sodium excretion falls and

absorption of copper and zinc increase with increasing postnatal age.

The quality of the constituents provided is also important. Fat is an

important energy source and absorption is limited by bile salt

deficiency in the preterm infant. Modification of the fatty acid

composition of milk may improve absorption (Tantibhedhyangkul & Hashim,

1978) but such alteration may be inappropriate to satisfy the needs for

brain growth in the preterm infant (Clandinin et al, 1980).

There is continuing controversy over the use of human breast milk,

particularly pooled mature human milk, in preterm infants. The

nutritional adequacy of such milk has been questioned (Davies, 1977;

Fomon et al, 1977) and similar reservations must apply to formulas

based on mature human milk. Although it is considered that inadequate
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early growth results from the use of pooled human milk (Davies, 1977;

Tyson et al, 1981) and that mature human milk provides inadequate

amounts of various dietary consitutuents there is evidence that milk

from preterm mothers may be nutritionally more suitable for their

infants (Atkinson et al, 1980; Gross et al, 1981). Better growth

associated with increased retention of nitrogen and fat has been noted

in preterm infants fed their mother's milk compared with those fed

pooled mature milk (Atkinson et al, 1981). However, although preterm

milk may be adequate in terms of protein content (Gross et al, 1981)

despite the initially higher sodium concentrations present in milk from

preterm mothers (Atkinson et al, 1980; Gross et al, 1981) on the basis

of the sodium requirements of the infants studied preterm milk would

still be inadequate for the needs of the very low birth weight infant

between the second and fifth postnatal week. It is recognised that

the calcium, copper and zinc content may be insufficient to allow

intrauterine accretion to be emulated (Hibberd et al, 1982)

particularly if the limited absorbtive capacity of the preterm infant

is taken into account (Shaw, 1976; Dauncey et al, 1977). However the

use of fresh breast milk may have significant immunological advantages

for the preterm infant who is particularly susceptible to infection and

in order to confer these benefits perhaps breast milk should be

supplemented with the constituents necessary to meet the infant's

nutrient requirements. Supplementation of breast milk poses many

practical problems particularly as the composition varies markedly

between individuals and with time in the same mother. A possible

alternative would be to give fresh breast milk during the first week of
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life when its immunological benefits are greatest and subsequently to

use a special preterm formula. A number of preterm formulas have been

introduced over recent years which tend to provide a higher protein and

energy content with increased concentrations of calcium, phosphorus and

electrolytes when compared to formulas designed for full term infants.

There is some evidence that such formulas provide better short term

growth (Brooke et al, 1982) but they have not been evaluated with

respect to long term growth and development.

Having achieved immediate survival of the very low birth weight

infant the subsequent aim must be to ensure satisfactory long term

growth and development. The early provision of adequate nutrition,

although difficult to achieve, may be important in attaining this goal.

A compromise must be reached between the potential benefits and risks

of the various modes of nutrition available but on the basis of these

studies enteral nutrition should be used whenever possible. However

further investigation is required as to the composition of such

nutrition and the best means of administration. In addition, further

long term studies are necessary to assess the effect of early

nutritional management on the subsequent growth and development of very

low birth weight infants.



APPENDIX I

COMPOSITION OF COMPONENT SOLUTIONS OF TOTAL PARENTERAL NUTRITION

COCKTAIL (100ml)

Dextrose anhydrous
M/l sodium lactate
Sodium chloride ('Regular')
Sodium chloride ('Low Sodium')
Potassium chloride
Calcium chloride hexahydrate
Magnesium sulphate hydrate
Potassium acid phosphate

9.5%
1.29%
0.27%
0.04%
0.018%
0.018%
0.08%
0.163%

Na+ ('Regular') 5.9mmol
Na+ ('Low Sodium') 2mmol

K+ 1.44mmol
Ca++ 0.09mmol
Mg++ 0.33mmol
CI- ('Regular') 5.02mmol
CI- ('Low Sodium') l.lmmol
SO/i = 0.33mmol
H 2$04 1.20mmol
Lactate 1.29mmol

8m 1 Inj. calcium gluconate 10% added to each 100ml immediately before
use.

VAMIN GLUCOSE (Kabivitrum) (100ml)

L-amino acids 7.02g
G1ucose 10g
Sodiurn 5mmol
Potassium 2mmol
Calciurn 0.25mmol
Magnesium 0.15mmol
Chioride 5.5mmol

INTRALIPID 20% (Kabivitrum) (100ml)

Fractionated soya bean oil 20g
Fractionated egg phospholipids 1.2g
Glycerol 2.2g

Water for injection to 100ml
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MULTIBIONTA (BDH)

10ml contains:

Vitamin A 10,000iu
Thiamine 50mg
Riboflavine lOmg
Nicotinamide lOOmg
Pantothenyl alcohol 25mg
Ascorbic acid 500mg
a-tocopheryl acetate 5mg
Pyridoxine hydrochloride 15mg

SOLIVITO (Kabivitrum)
One vial contains

Thiamine mononitrate 1.24mg
Sodium riboflavine phosphate 2.47mg
Nicotinamide lOmg
Pyridoxine hydrochloride 2.43mg
Sodium pantothenate llmg
Biotin 0.3mg
Folic acid 0.2mg
Cyanocobalamin 2yg
Sodium ascorbate 34mg
Glycine lOOmg
Sodium edetate 0.5mg
Methyl hydroxybenzoate 0.5mg

One vial is dissolved in 5ml water.

ADDAMEL (Kabivitrum)

One ml contains
Calcium chloride 73.5mg Ca++ 0.5mmol
Magnesium chloride 30.42mg Mg++ 0.15mmol
Ferric chloride 1.35mg Fe+++ 5ymol
Zinc chloride 0.27mg Zn++ 2ymol
Manganese chloride 0.79mg Mn++ 4ymol
Copper chloride 85yg Cu+ 0.5ymol
Sodium fluoride 0.21mg F- 5ymol
Potassium iodide 17yg I- O.lymol
Sorbitol 0.3g Cl- 1.3mmol

Water for injection to 1ml
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VITLIPID INFANT (Kabivitrum)

One ml contains:

Retinol palmitate corresponding
to retinol lOOyg (333iu)

Calciferol 2.5yg (lOOiu)
Phytomenadione 50yg
Fractionated soya bean oil lOOmg
Fractionated egg phospholipids 12mg
Glycerol 25mg

Water for injection to 1ml

TOTAL PARENTERAL NUTRITION (lOOml/day) provides:

Calories 62.4kcal
Carbohydrate 7.9g
Fat 2.55g
Nitrogen 0.20g
Sodium ('Low Sodium Cocktail') 2.28mmol

('Regular' Cocktail') 4.67mmol
Potassium 1.28mmol
Calcium 1.40mmol
Magnesium 0.29mmol
Phosphate 0.72mmol
Chloride ('Low Sodium Cocktail') 2.40mmol

('Regular Cocktai1') 4.76mmol
Sulphate 0.20mmol
Lactate 0.78mmol
Iron 2.14ymol
Zinc 0.86ymol
Manganese 1.71ymol
Copper 0.21ymol

(56.2yg)

(13.6yg)
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APPENDIX II

COMPOSITION OF HUMAN BREAST MILK, ARTIFICIAL MILK
FORMULAS AND ORAL VITAMIN PREPARATIONS

POOLED MATURE HUMAN BREAST MILK
(Department of Health and Social Security, 1980)

Average amounts of constituents/lOOml milk

Energy 70kcal
Protein 1.3g
Fat 4.2g
Carbohydrate 7.0g
Sodiurn 15mg (0.65mmol)
Potassium 60mg (1.5mmol)
Calciurn 35mg (0.88mol)
Phosphorus 15mg (0.48mmol)
Magnesiurn 2.8mg (0.12mmol)
Chloride 43mg (1.2mmol)
Iron 76yg
Copper 39yg
Zi nc 295yg

SMA GOLD CAP FORMULA (Wyeth Laboratories)

Constituents/lOOml milk

Energy 65kcal
Protein 1.5g
Fat 3.6g
Carbohydrate 7.2g
Sodiurn 15mg (0.65mmol)
Potassiurn 56mg (1.4mmol)
Calciurn 44mg (1.lmmol)
Phosphorus 33mg (l.lmmol)
Magnesium 5.3mg (0.22mmol)
Chloride 40mg (l.lmmol)
Iron 675yg
Copper 48yg
Zi nc 370yg
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'COW AND GATE 1:3 MILK' (per 100ml)
Cow & Gate evaporated milk ('Regal') made up 1 part milk

with 2 parts water

Calcium 2.5mmol
Phosphorus 2.7mmol
Magnesium 0.48mmol

5ml contains:

KETOVITE LIQUID (Paines & Byrne)

Vitamin A 2500iu
Vitamin D 400iu
Choline chloride 150mg
Cyanocobalamin 12.5yg

KETOVITE (Paines & Byrne)

One tablet contains:

Acetomenaphthone 0.5mg
Riboflavine lmg
Thiamine hydrochloride lmg
Pyridoxine hydrochloride 0.33mg
Nicotinamide 3.3mg
Calcium pantothenate 1.16mg
Ascorbic acid 16.6mg
Tocopheryl acetate 5mg
Inositol 50mg
Biotin 0.17mg
Folic acid 0.25mg

ABIDEC (Parke-Davis)

0.6ml contains:
Vitamin A 4000iu
Calciferol 400iu
Thiamine hydrochloride lmg
Riboflavine 0.4mg
Pyridoxine hydrochloride 0.5mg
Nicotinamide 5mg
Ascorbic acid 50mg



Postnatal Week

PlasmaSodium(mmol/1) P

E

PlasmaPotassium(mmol/1) P

E

PlasmaOsmolality(mosm/kg) P

E

3
4

5 6

7
8

9

10

134.9±2.9 (17) 135.7±3.9 (15) 135.9±2.3 (14) 136.2±2.5 (12) 135.3±1.4 (6) 135.7±2.9 (6) 133.7±1.8 (4) 137.2±2.7 (4)

135.3±2.3 (14) 135.6±1.7 (12) 135.4±2.3 (11) 137.4±2.3 (8) 138.8±2.5 (10) 133.Oil.0 (2)

4.4±0.7 (16) 4.6±0.8 (14) 4.8±0.8 (13) 4.5±0.8 (12) 4.6±0.7 (8) 4.6±0.7 (4) 4.2±0.7 (4) 4.5±0.5 (4)

4.6±0.6 (14) 4.6±0.6 (12) 4.8±0.6 (11) 4.8±0.3 (10) 4.7±0.5 (3)

277.2±5.0 (14) 276.9±6.4 (12) 273.4±6.4 (11) 276.8±4.8 (10) 274.7±9.5 (6) 272.2+4.7 (4) 274.5±3.9 (4) 272.3±6.6 (3)

278.6±7.8 (13) 274.5±6.4 (8) 275.6±6.4 (8) 276.0±3.3 (6) 280.7±2.4 (3)

BIOCHEMICALMEASUREMENTSINPARENTERALANDENTERALGROUPINFANTS Thevaluesareexpressedasmeans±1SD.Thenumberofestimationsisshowninparenthesis.Parenteral(P);Enteral(E).



PlasmaCreatinine(pmol/1)PlasmaUrea(mmol/1)PlasmaAlbumin(g/1)
Postnatal WeekPEPEPE 371.9±21.784.9±17.31.8±1.11.5±0.330.6±2.832.9±3.3(17)(14)(17)(14)(15)(12)

462.9±21.572.1±10.81.8±1.31.5±0.530.8±3.432.5±3.1(14)(14)(15)(12)(13)(12)
561.1±10.267-7±15-11.4±0.41.4±0.432.2±3.033.9±2.0(12)(12)(13)(9)(12)(10)

655.4±12.659.9±14.01.5±0.51.5±0.434.0±3.935.4±2.4(12)(9)(12)(8)(13)(9)
754.7±15.768.6±18.01.6±0.81.9±0.431.6±2.636.0±3.2(10)(7)(9)(6)(7)(6)

854.2±15.356.6±17.81.4±0.61.9±0.733.2±4.8(5)(5)(5)(2)(4)
956.2±25.551.2±18.71.4±0.5-35.6±3.8(4)(4)(4)(5)

1048.7±21.658.5±14.81.5±0.7-36.6±3.2(4)(2)(4)
(5)

BIOCHEMICALMEASUREMENTSINPARENTERALANDENTERALGROUPINFANTS Thevaluesareexpressedasmeans±1SD.Thenumberofestimationsisshowninparenthesis.Parenteral(P);Enteral(E).



PlasmaCalcium(mmol/1)PlasmaPhosphate(mmol/1)PlasmaMagnesium(mmol/1)
Postnatal

EPE

Week

P

E

P

3

2.63±0.13

2.40±0.12

1.85±0.44

(17)

(14)

(14)

4

2.35±0.15

2.34±0.13

1.64±0.42

(14)

(15)

(10)

5

2.37±0.12

2.40±0.14

2.00±0.51

(13)

(14)

(11)

6

2.39±0.14

2.38±0.14

1.93±0.63

(13)

(13)

(13)

7

2.39±0.15

2.34±0.18

2.05±0.56

(10)

(7)

(9)

8

2.37±0.13

2.33±0.18

1.97±0.56

(6)

(4)

(6)

9

2.30±0.10

2.29±0.21

1.95+0.54

(5)

(3)

(4)

10

2.32±0.10

2.38±0.08

1.81±0.38

(5)

(2)

(4)

2.04±0.340.87±0.100.83±0.10 (10)(13)(13) 2.13±0.230.90±0.070.90±0.09 (11)(13)(12)2.22±0.390.90±0.080.97±0.10 (ID(6)(8) 2.40±0.371.03±0.440.89±0.06 (9)(8)(11) 2.30±0.261.31±0.570.95±0.04 (6)(4)(3)2.23±0.060.91±0.08 (2)(2) 0.87±0.09 (5)

BIOCHEMICALMEASUREMENTSINPARENTERALANDENTERALGROUPINFANTS Thevaluesareexpressedasmeans±1SD.Thenumberofestimationsisshowninparenthesis.Parenteral(P);Enteral(E).
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APPENDIX III

Plasma Triglycerides (mmol/1)

Day P E

1 0.98±0.48 0.58±0.40
(15) (9)

2 1.01±0.56 0.94±0.45
(16) (12)

3 0.83±0.33 1.07±0.46
(12) (7)

5 1.50±1.00 1.05±0.53
(8) (14)

7 1.56±1.24 1.72±0.94
(14) (9)

10 1.41±1.01 1.01±0.29
(11) (10)

13 0.95±0.76 1.08±0.53
(15) (13)

BIOCHEMICAL MEASUREMENTS IN PARENTERAL AND ENTERAL GROUP INFANTS

The values are expressed as means ± 1SD. The number of estimations is
shown in parenthesis.
Parenteral (P); Enteral (E).



Gestational
Numberof

age(weeks)
infants

Biceps

28+29

8

2.3±0.5

30

14

2.7±0.5

31

16

2.9±0.5

32

14

2.9±0.5

33

13

2.9±0.5

34

21

3.1+0.6

35

37

3.4±0.6

36

45

3.4±0.7

37

26

3.6±1.1

38

12

5.2±0.6

39

11

5.4+0.8

40

54

5.5+0.9
SkinfoldThicknesses(mm)TricepsSuprailiacInfrascapul 2.2±0.52.1±0.62.4±0.5 2.9±0.42.6±0.72.8±0.3 2.7±0.52.5±0.52.7±0.5 2.7±0.62.7±0.62.7±0.6 3.1±0.62.9±0.62.9±0.9 3.2±0.63.2±0.63.0±0.9 3.6±0.83.7±0.73.4±1.2 3.5±0.93.6±0.93.4±1.1 3.6±1.23.7±1.33.3±1.4 5.8±0.85.8±1.05.8±0.6 6.2±0.76.1±0.96.5±0.8 6.1±1.16.0±1.26.2±0.9
Armmuscle
cir-

Birthweight

cumference
(cm)

(kg)

6.8+1.2

1.14+0.17

6.7+0.5

1.49+0.20

7.1+0.6

1.67+0.20

7.1+1.1

1.71+0.30

7.8+0.8

1.90+0.30

8.2+0.8

2.10+0.30

8.5+0.7

2.50+0.30

8.6+0.9

2.45+0.30

8.8+1.0

2.65+0.50

9.3+0.7

3.10+0.30

9.4+0.4

3.50+0.30

9.8+0.9

3.50+0.40

NORMALVALUESFORSKINFOLDTHICKNESSESANDUPPERARMMUSCLECIRCUMFERENCEINFULLTERMANDPRETERMINFANTS Valuesareexpressedasmeans±1SD.Measurementswereobtainedfrom271infantsonthefirstpostnatalday.Valuesformaleandfemaleinfantswerecombined.
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APPENDIX V

MEAN WEEKLY SKINFOLD THICKNESSES AND ARM MUSCLE CIRCUMFERENCES IN
SURVIVING INFANTS IN THE PARENTERAL, ENTERAL AND FAILED ENTERAL GROUPS

Values are expressed as means ±1SD. The numbers in parenthesis refer
to the number of measurements.

BICEPS SKINFOLD (mm)

Postnatal age Parenteral Enteral Failed Enteral

Day 1 2.5±0.7 2.4±0.5 3.0±0.7
(11) (11) (3)

1 week 2.3±0.7 2.8±0.9 2.2±0.8
(10) (8) (4)

2 weeks 3.7±1.6 2.8±0.8 3.0±0.8
(11) (10) (4)

3 weeks 3.5±0.5 3.4±0.8 2.3±0.4
(11) (11) (3)

4 weeks 3.4±1.0 4.0±1.0 2.5±0.2
(ID (12) (3)

5 weeks 3.5±1.1 3.8±1.0 3.2±0.3
(11) (10) (3)

6 weeks 3.7±0.9 3.9±0.8 3.3±0.6
(ID (8) (3)

When compared with normal standards (Appendix IV) the mean value for
the enterally fed infants at four weeks postnatal age was greater
(p<0.01) but no other significant differences were noted.
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TRICEPS

Postnatal age Parenteral

Day 1 2.5±0.4
(11)

1 week 2.4±0.5
(9)

2 weeks 3.4±1.3
(12)

3 weeks 3.4±0.9
(11)

4 weeks 3.8±1.2
(11)

5 weeks 3.7±1.0
(9)

6 weeks 4.3±1.2
(8)

SKINFOLD (mm)

Enteral Failed Enteral

2.2±0.4 2.8±0.5
(11) (4)
2.3±0.6 2.4±0.7
(8) (4)
3.3±0•8 3.1±0.9
(ID (4)
3.3±0.7 3.0±0.4
(11) (4)
4-3±1.5 3.1±0.1
(12) (3)
4.4±1.2 3.0±0.3
(10) (3)
4.2±0.5 4.2±0.8
(8) (4)

The mean triceps skinfold thickness of the enteral group infants
exceeded the normal range of values at 4 (p<0.01), 5 (p<0.05) and 6
(p<0.05) weeks postnatally. The mean value for the parenteral group
was also outwith the normal range during the sixth postnatal week
(p<0.05)

INFRASCAPULAR SKINFOLD (mm)

Postnatal age Parenteral Enteral Failed Enteral

Day 1 2.3±0.6 2.3±0.6 2.3±0.4
(11) (11) (5)

1 week 2.4±0.7 2.0±0.4 2.0±0.3
(10) (9) (5)

2 weeks 2.7±1.0 3.2±0.8 2.6±0.5
(11) (13) (5)

3 weeks 3.0±1.2 2.9±0.5 2.8±0.6
(10) (11) (4)

4 weeks 2.9±0.9 3.4±0.9 3.2±1.0
(11) (12) (4)

5 weeks 3.3±1.1 3.9±0.7 2.9±0.4
(11) (10) (4)

6 weeks 3.8±1.0 4.6±0.9 4.1±0.7
(11) (8) (4)

The mean infrascapular skinfold thickness of the enteral group infants
was less than that of infants of a similar postconceptual age two weeks
postnatally (p<0.05) and significantly greater than normal at six
postnatal weeks (p<0.01).
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SUPRAILIAC SKINFOLD (mm)

Postnatal age Parenteral Enteral Failed Enteral

Day 1 2.5±0.5 2.7±0.5 2.7i0.2
(11) (12) (5)

1 week 2.5±0.9 2.4±0.6 2.liO.5
(10) (9) (5)

2 weeks 3.1±1.2 3.3±1.0 2.7i0.8
(11) (13) (5)

3 weeks 3.8±1.6 3.5±0.6 2.8i0.5
(11) (11) (4)

4 weeks 3.4±1.3 4.Oil.3 3.0i0.9
(11) (12) (4)

5 weeks 3.6±1.6 4.Oil.3 2.8i0.4
(11) (10) (4)

6 weeks 4.1±1.3 4.8i0.9 3.6±0.3
(ID (8) (4)

The suprailiac skinfold thickness was greater in enterally fed infants
at 4 (p<0.05) and 6 (p<0.01) weeks postnatally when compared to normal
values for infants of a similar postconceptual age.

ARM MUSCLE CIRCUMFERENCE (cm)

Postnatal age Parenteral Enteral Failed Enteral

Day 1 6.2i0.3 6.3i0.6 6.3i0.7
(10) (11) (6)

1 week 6.3i0.7 5.7i0.4 5.9i0.3
(10) (8) (6)

2 weeks 6.3i0.7 6.2i0.6 6.3i0.5
(11) (11) (6)

3 weeks 6.5i0.7 6.7i0.6 6.8i0.2
(ID (10) (4)

4 weeks 6.7i0.9 7.0i0.6 6.7i0.2

(11) (12) (4)
5 weeks 7.Ii0.8 7.7i0.7 7.0i0.3

(11) (9)) (4)
6 weeks 7.4i0.9 8.110.4 7.610.1

(ID (8) (3)

The mean arm muscle circumferences of the enteral (p<0.001), parenteral
(p<0.01) and failed enteral (p<0.01) groups had fallen below that of
infants of a comparable postconceptual age by one week postnatally and
remained below during the subsequent four weeks.
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summary Plasma alkaline phosphatase activity was measured in 349 infants aged between 5 and 10
days to establish a normal range for different gestational ages. Significant differences were observed
between term and preterm infants, the highest values being associated with the shortest lengths of
gestation. Plasma calcium, phosphate, and alkaline phosphatase activity were measured sequentially
in 51 preterm infants <1500 g at birth. A significant correlation was found between raised plasma
alkaline phosphatase activity and radiological changes of osteoporosis, metaphyseal change, and
periosteal reaction. Plasma alkaline phosphatase appears to be of value in screening for and moni¬
toring rickets of prematurity.

The predisposition of the preterm infant to rickets
has been known for many years,1 and is being
increasingly found among extremely low birthweight
infants.2-5 The early detection and treatment of
rickets may have important implications for linear
growth of the preterm infant.6 Florid changes in the
x-ray film occur late in the disease and although
photonabsorptiometry7 can detect early deminerali-
sation, the technique is not widely available. We
report the value of plasma alkaline phosphatase
activity as a sensitive and early indicator of rickets
of prematurity.

Patients and methods

To establish a normal range for infants of differing
gestational ages, plasma alkaline phosphatase activity
was measured in 349 infants aged between 5 and 10
days. This timing was chosen as after parturition the
placental isoenzyme disappears from plasma with a
half-life of 3 or 4 days.8 The gestational age of these
infants ranged from 26 to 40 weeks. Plasma alkaline
phosphatase was measured by the method of
Morgenstern et al.9
Fifty-one preterm infants weighing less than 1500 g

at birth who were admitted to the regional intensive
care unit during the period October 1978 to October
1980 were studied sequentially. Feeding was by the
enteral or parenteral route. Plasma calcium, phos¬
phate, and alkaline phosphatase levelsweremeasured
weekly during their stay in hospital, and subse¬
quently at 2-4 weekly intervals as outpatients until

the alkaline phosphatase activity was below 500 U/l.
Plasma alkaline phosphatase activity greater than
500 U/1 was taken as an indication that isoenzyme
studies were necessary.8
Radiological examination was not performed

routinely, but 42 babies had x-ray films taken on
clinical indication. On completion of the study all
x-ray films were assessed independently of clinical
and biochemical data by a paediatric radiologist.
Generally chest x-ray films were analysed, but many
infants had abdominal x-rays which included the
spine and pelvis on the film, while x-ray films of the
skull and wrist were examined if available. The
radiographic features analysed were bone minerali¬
sation, the presence or absence of metaphyseal
changes, and periosteal reaction. The degree of bone
demineralisation was arbitrarily graded 1-3 accord¬
ing to severity. Osteoporosis was detected most
readily in the ribs and scapulae. Metaphyseal
changes; cupping, fraying, and expansion were
noted in the humeri. The biochemical and radio¬
logical data were correlated statistically by Kendall's
rank correlation for osteoporosis, by Wilcoxon's
rank sum for metaphyseal change, and by Fisher's
exact test for periosteal reaction.
During the study 400 IU of vitamin D2 a day were

given to enterally-fed infants, and 100 lU/kg a day
intravenously to parenterally-fed infants. If the
plasma alkaline phosphatase activity exceeded
500 U/l, the vitamin D2 supplement was increased
to 1000 IU a day. At values above 1000 U/l vitamin
D2 was replaced by an oral preparation of l,a-
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hydroxycholecalciferol (1 alpha) 0 05 (J.g/kg a day.
In the event of failure to respond to the latter 1,25-
dihydroxycholecalciferol (Rocaltrol) was prescribed
in a dosage of 0 • 05 p.g/kg a day.

Results

The variation in plasma alkaline phosphatase
activity in relation to gestational age at birth in 349
infants is shown in Table 1. Significant differences
(Student's t test) in plasma alkaline phosphatase
activity were observed between term and preterm
infants.
The 51 infants studied sequentially were divided

into 4 groups according to their maximum plasma
alkaline phosphatase activity during the period of
the study (Table 2). In patients with plasma alkaline
phosphatase values greater than 500 U/l (71%),
including infants with cholestasis, the predominant
isoenzyme was of bone origin. The groups of infants

with higher plasma alkaline phosphatase values
(groups 3 and 4) were of lower mean birthweight and
gestation, and had longer periods of parenteral
nutrition than infants with lower peak alkaline
phosphatase values (groups 1 and 2). No significant
differences were noted in plasma phosphate levels,
and plasma calcium was significantly lower only in
the most severely affected infants (group 4).
In infants developing radiological rickets the

highest and most sustained maximal plasma alkaline
phosphatase values occurred in the more severe
cases. However, the maximal value and the period of
increased plasma alkaline phosphatase values were
modified by treatment. Of 7 infants with peak alka¬
line phosphatase values greater than 1000 U/l
treated with l,a-hydroxycholecalciferol (mean dura¬
tion 13 days), 6 showed a satisfactory response with a
decline in plasma alkaline phosphatase activity from
a mean value of 1221 U/l ±125 (before treatment) to
751 U/l±83-3 (after treatment). In the 7th infant,

Table 1 Plasma alkaline phosphatase variations in relation to gestational age
Alkaline phosphatase
activity
((///)

Number
in

group

Gestation

(weeks)
Gestation (weeks)

26+27 28+29 30+31 32+33 34+35 36 Term

319-54± 142-31 13 26±27 NS NS <0-02 <0-001 <0-001 <0-001
291 - 81 ±86-49 26 28±29 NS NS <0-001 <0-001 <0-001
281•15± 84•49 46 30±31 NS <0-001 <0-001 <0-001
253 -98±71 -85 53 32± 33 NS <0-001 <0-001
236-30±61 -78 103 34± 35 <0-01 <0-001
207-16±59-52 48 36 <0-001
164- l±67-8 60 38-41

349

Alkaline phosphatase activity expressed as mean±l SD

Table 2 Classification of 51 preterm <1500 g infants according to maximum plasma alkaline phosphatase activity
Group

1 (n — 4) 2 (/i= 77) 3 (n=29) 4 (n= 7) value

Peak alkaline phosphatase (U/l)

Birthweight (kg)

Gestation (weeks)

Plasma calcium (mmol/1)

Plasma phosphate (mmol/1)

Day that maximum alkaline
phosphatase reached

Duration of parenteral
nutrition (days)

<300

1 -41 ±009

31 -3± 1 -3

2-33 ±0-06

2-10 + 0-32

20±15

7-5±5-8

300-500

1 • 34±0-13

32-2±2-0

2-45±0-15

201 ±0-32

28±12

7-8±4-l

500-1000

1 -26±0-15

29-9±2-0

2-39±0-24

1 -88 ±0-34

51 ±33

29-4±20-5

>1000

1 • 13±0-25

29 -9± 1 - 9

2-02±0-35

1-71 ±0*37

60±38

35 -1±18-4

2 v 4

<005
2 v 3

<0-01
2 v 4

<0-005

3 v 4
<0-01
NS
2 v 4

<0-05

2 v 3
<0-001

1 v"4
<0-05

2 v 3
<0-001

Conversion: SI to traditional units—calcium: 1 mmol/1 «*4 mg/100 ml; phosphate 1 mmol/1 «a3-l mg/100 ml.
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e 3 Correlations between plasma alkaline phosphatase and radiological bone changes in preterm low birthweight
1500 g) infants
k alkaline phosphatase (Ujl)

ineralisation
Normal mineralisation

?Osteoporosis/normal
Osteoporosis
Grade 1
Grade 2
Grade 3

etaphyseal change
Periosteal reaction
No x-ray film

<300
in=4)

2
1

0
0
0
0
0
1

300-500
Cn =U)

500-1000
in=29)

8
1

1
0
0
0
0
1

1

7
10
3
4
0
7

>1000
in = 7)

P value

0
0

0
4

3
4
2
0

<0-001

<0-01
<0-024

ho had appreciable cholestasis, the plasma alkaline
phosphatase activity continued to rise despite
l,a-hydroxycholecalciferol. After 21 days of treat¬
ment with 1,25-dihydroxycholecalciferol, the plasma
alkaline phosphatase activity declined from 1940 to
995 U/l.
Correlation between biochemical and radiological

findings are shown in Table 3. The degree of osteo¬
porosis, presence of metaphyseal changes, and
periosteal reaction were all significantly related to
maximum alkaline phosphatase activity. All patients
with metaphyseal changes had maximum alkaline
phosphatase activity greater than 750 U/l. Periosteal
reactions were seen only if alkaline phosphatase
activity exceeded 1000 U/l. All infants with abnormal
wrist x-ray films had changes in the humeri. Maximal
peak alkaline phosphatase activity generally preceded
maximum radiological change by 2 to 4 weeks.

Discussion

Variations in plasma alkaline phosphatase activity
with gestational age were found in a group of 349
infants aged between 5 and 10 days, with a down¬
wards trend between 26 and 40 weeks' gestation.
Significant differences were noted between term and
preterm infants (P<0-001). This variation may
reflect the measurement of different alkaline phos¬
phatase isoenzyme activities at different gestational
ages.
In the 51 infants studied sequentially, the radio¬

logical changes of osteoporosis, metaphyseal change,
and periosteal reaction were all significantly related
to peak alkaline phosphatase activity.
The classical changes which occur in children with

rickets have been well described.10 The main
features are rarefaction, cupping, and fraying of the
metaphyses together with loss of the provisional
zone of calcification. Periosteal reactions and
fractures through demineralised bone may occur. In
preterm infants a diffuse demineralisation of the

skeleton particularly affecting the ribs, spine, skull,
and scapula often with super added fractures has
been noted.1112 In the infants studied radiological
changes of osteoporosis correlated with biochemical
evidence of rickets. In contrast Eek et a/.13 regarded
diffuse osteoporosis, resolving without treatment as a
normal phenomenon in the preterm infant. Perios¬
teal reaction has been described in preterm infants
during both active3 and healing10 rickets. However
Malmberg14 described periosteal reaction un-
associated with rickets in preterm infants. Periosteal
reactions were noted in only 2 of our patients, both
of whom had peak alkaline phosphatase levels in
excess of 1000 U/l.
Plasma calcium and phosphate values did not

appear to be good indicators of rickets in these
infants. Plasma calcium fell significantly only in the
most severely affected group, and no significant
differences were noted in plasma phosphate values.
Plasma calcium values are likely to be particularly
misleading in parenterally-fed infants.
Inadequate calcium input is one of the factors

implicated in the aetiology of rickets of prematurity.
Fetal calcium accumulation during the last trimester
is high.15 Pre-eclampsia which impairs placental
calcium transfer16 is noted more often among
mothers of preterm infants with rickets.17 Rapid
postnatal growth demands a large calcium input
which is not met by breast milk or most modified
milk formulae. The parenteral regimen used during
the period of the study provided 1-1 -4 mmol/kg per
24 hours of calcium at a fluid intake of 150-200 ml/
kg a day. This contrasts with an intake of 1-6-
2-2 mmol/kg a day on a similar intake of a modified
formulae but the latter would be incompletely
absorbed.15 Thus postnatally neither parenteral nor
enteral feeding provides sufficient calcium to allow
intrauterine accretion rates of calcium to be achieved.
Calcium supplementation of the preterm infant has
been shown to improve bone mineralisation.7
Disordered vitamin D metabolism has also been
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implicated in the development of rickets in preterm
infants. Preterm infants seem unable to increase
plasma 25-hydroxycholecalciferol levels until 38-42
weeks' postconceptual age despite intravenous
supplementation with vitamin D.18 Thus impaired
25-hydroxylation of vitamin D may contribute to the
development of rickets. Low values of 25-hydroxy¬
cholecalciferol have previously been noted in
patients with cholestasis. Our cholestatic infant
had a value of 2-1 nmol (normal 10-20 nmol) and
his rickets did not respond until 1,25-dihydroxy-
cholecalciferol was given.
It has also been considered that activation of

vitamin D to 1, 25-dihydroxycholecalciferol in the
immature kidney may be impaired and thus lead to
the development of rickets. In 6 of the 7 infants in
whom alkaline phosphatase activity exceeded
1000 U/l a decrease in alkaline phosphatase activity
and radiological healing of rickets occurred only
after the introduction of l,a-hydroxycholecalciferol.

We thank Mr Rob Elton for statistical assistance,
Leo Laboratories Limited for supplying l,alpha-
hydroxycholecalciferol, and Roche Products Limited
for supplying 1,25-dihydroxycholecalciferol.
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