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the Newborn Infant

The literature of the history of feeding the low birthweight infant and
parenteral nutrition in the newborn was reviewed.

Ultra micro methods for the measurement of glucose, lactate, pyruvate,
acetoacetate, 3—hydroxybutyrate, alanine and glycerol were described which make
measurement of these substances using capillary blood samples possible, and permit
longitudinal study of infants with nutritional problems.

A study of test weighing in newborn infants demonstrated the inaccuracy
of test weighing as a procedure for the determination of feed intake and the importance
of the development of accurate baby scales for the measurement of body weight in low
birth weight infants.

No clear advantage for either continuous jejunal or intermittent gastric
feeding was demonstrated in the first 3 weeks of life in a study of these enteral
feeding methods in infants of 1.5 kg. or less at birth. If nasojejunal feeding was
continued, a slower rate of growth ensued than that of infants fed gastrically. The
significance and possible explanations for these observations was discussed.

Metabolic studies of low birth weight infants fed continuously by the
transpyloric or nasogastric route showed no differences in metabolic profile.
Considerable fluctuations of the levels of hormones and metabolites took place despite
the continuous infusion of milk. Continuous enteral feeding did not abolish hormone
and metabolite fluctuations thought to be of significance in promoting optimal growth.

A study of two alternative regimens of total parenteral nutrition in infants
with surgical gastrointestinal problems showed that there were greater fluctuations
in metabolite levels in infants receiving nutrients sequentially than in infants to whom
the nutrients were given continously. Intrahepatic cholestasis occurred more frequently
in infants on the sequential (intermittent) regimen but weight gain-was similar with
the two regimens.

t

The significance of these findings in relation to the current literature was
discussed and conclusions drawn.
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PREFACE

The work presented in this thesis was carried out while the author

was Lecturer in Paediatrics in the University of Sheffield under the

supervision of Professor R. D. G. Milner between 1977 1980.

The studies were started at a time when neonatal intensive care

facilities were being introduced into the Special Care Baby Unit, Jessop

Hospital for Women, Sheffield by the author and these studies were

deliberately intended to provide answers to the clinical problems which

presented at the time in the nutritional care of the lowbirth weight

infant and in infants with surgical problems.

Partly as a consequence of the results obtained in the care of the

lowbirth weight infant (see appendix) the Special Care Baby Unit became

recognised as the subregional neonatal intensive care unit for the

northern half of the Trent region. The work is dedicated to the neonates

of Sheffield.
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Chapter 1

Introduction



Early feeding of the low birth weight newborn: a balance of risks 2

and benefits

Interruption of intrauterine nutrition of the foetus by pre-term

birth poses a major hazard to survival. While the healthy term

infant is capable of tolerating short periods of starvation or

malnutrition, the pre-term infant is not, due to his limited calorie

reserves and immature body systems. The need for early feeding of the

low birth weight (LBW) infant was recognised at the beginning of the

century (Hill 1917) but concern about the high risk of feed aspiration

and death at a time when fine plastic feeding tubes were not available

lead to deliberate starvation of LBW infants for periods of 1—3 days

after birth even -until the mid 1950* s (Rhaney and McGregor 1948»

Gaisford and Schofield 1950» Smith 1957)* However, a correlation was

recognised between delayed feeding and the incidence of subsequent

handicaps amongst survivors (Churchill 19^3, Brillien 1964)»

malnutrition was shown to affect brain growth (Winick and Rosso 19^9)

and favourable short and long term studies of the beneficial effects of

early feeding (Smallpiece and Davies 1964f Davies and Russell 1968)

established the early provision of an adequate calorie and protein

intake and the avoidance of hypoglycaemia as major therapeutic aims

in the care of the LBW infant, of comparable im£>ortance to the

provision of appropriate ventilatory support.

The problems of enteral^feeding, however, remain^small stomach
volume, gastric stasis and free gastro-oesophageal reflux conspire

together in an infant without functional protective laryngeal reflexes

to produce pulmonary milk aspiration. Stimulation of the larynx and

oesophagus by passage of a feeding tube is likely to disturb the

regularity of respiration and heart rate. Gastric distension impairs



respiration and oxygenation, particularly in infants recovering from

respiratory disorders (Yu 1976, Yu and Rolfe 1976, Patel .et al 1977*

Pitcher-Wilmott et al 1979)• The absorption of enterally

administered nutrients may be unpredictable (Katz and Hamilton 1974).

Although the pathogenesis of necrotising enterocolitis (NEC) is not

yet fully understood,its increasing prevalence in recent years,

confined almost entirely to enterally fed infants,has been attributed

by some to overzealous enteral feeding and a more cautious approach

has been advocated (Brown and Sweet 1978).

Potential mechanisms for improving the nutrition and growth of the

LBW infant

Nutritional deprivation at certain critical early stages of life

may result in permanent stunting resistant to all attempts at subsequent

nutritional rehabilitation (Widdowson and McCance 1963). Brain growth

is impaired by severe malnutrition (Winick and Rosso 1969). The growth

of conventionally fed LBV/ infants lags behind that of infants

remaining in utero till term (Usher and McLean 1974)» consequently

methods were sought in the early 1970* s to improve the nutritional

status and subsequent growth of the LBW infant. The effects of increasing

the protein and calorie composition of the feeds were studied, techniques
V.

for increasing the volume of feed tolerated by the enteral route

evaluated, and parenteral nutrition with aminoacids and calories

introduced for infants who copld not tolerate their calculated protein

and calorie requirement enterally.

Effects of alteration of feed composition: An infant receiving breast

milk at 150-200 ml/kg/d receives 2.3-3.0g protein/kg/d and 93-124

cal/kg/d (Macy 1949). The administration of a much higher protein

intake (6-9 /j/kg/d) was found to increase nitrogen retention over a



diet containing 2-4 g/kg^d but did not confer any measurable growth

benefit (Snyderman at al 1969) and was associated with a significantly

higher incidence of neurological handicap at 5-7 year follow-up

(Goldman at al 1969,and 1973). Raiha et al (1975) in a careful study

of the effects on growth and metabolism of 5 different isocalorio

formulae of different protein composition providing between 2.25 and

4.5 g^kg/d protein found no difference in growth between infants on

the high or low protein diets, but did find significantly higher blood

urea nitrogen, plasma and urine aminoacid levels, and high urine

osmolality in infants on the high protein regime. Small infants on the

high protein diet, particularly that of a low whey:casein ratio, had

transient neonatal tyrosinaemia lasting several weeks with tyrosine

levels 10—100 times those found in comparable breast fed infants. Long

term follow-^up of infants with transient neonatal tyrosinaemia has shown

them to have lower intelligence quotient than controls (Menkes et al 1972,

Mamunes at al 1976). As a result of these studies limitation of dietary

protein in the pre-term low birth weight infant to not more than 4 g/kg/d

appears justified, as there is no firm evidence for any growth benefit

on a higher protein intake, but considerable evidence for an adverse effect

due to aminoacid overloading. Hypercaloric infant formulae (Combes and

Pratt 1961) have been recommended for nutrition of the LBW infant as a way

of administering an increased calorie intake when gastrointestinal tolerance

of fluid is restricted (e.g. SMA 24; 80 cal/100 ml; Humana; 75 cal/100 ml).

These have a high osmolality (e.g. Humana 387 mosn/kg) and present a high
%

renal solute load to the immature kidney (Ziegler and Fomon 1971) which

may not be efficiently excreted. Rhea et_ al_ (1975) Rave suggested that

hyperosmolality of gut contents may be an aetiological factor in NEC

but there is no direct evidence to support this.



5
Continuous gastric infusion of milk: In order to provide an increased

calorie and protein intake without using hyperosmolar milks continuous

intragastric infusion of expressed breast milk (EBM) or SMA S—26 up to

300 ml/kg/d was described by Valman et al (1972) in 66 infants with birth

weights ranging from 1.00 to 2.10 kg. This large volume was tolerated

well, vomiting being a problem in only 4 out of 66 infants studied. One

group of infants fed Regal 'half cream* milk (4.1 g protein/100 ml)

developed gross aminoacidaemia. A smaller study of 4 infants of birth

weight 0.90-1.08 kg (Landwirth 1974) suggested that the technique was

applicable even to the smallest infants. Continuous infusion of milk

into the stomach might be expected to be associated with fewer apnoeic

attacks and less disturbance of respiratory mechanics than bolus feeding

but no controlled studies have been published comparing the two types

of gastric feeding. Nor have any controlled studies been published to

support the implication of Valman et al (1972) and Landwirth (1974) that

greater milk volumes are tolerated by continuous infusion or of the

relative frequency of feed aspiration. Despite the dearth of literature,

continuous gastric feeding has become a widely practised technique in

the U.K., now actively encouraged by the baby milk companies who

manufacture and market continuous infusion systems which fit directly

onto 'ready to feed* milk bottles. Further prospective controlled

evaluation is required before continuous gastric infusion can be

considered a safe procedure for routine nursery use.

I

Transpyloric feeding: Rhea et al (19^7) were the first to describe the use

of transpyloric feeding in the newborn for the treatment of neonatal

tetanus because of the high risk of vomiting and aspiration due to

spasmodic contractions of the abdominal musculature in infants with this

condition. The same group (Rhea and Kilby 1970) described a silicone

rubber tube for transpyloric feeding preweighted with a doughnut shaped



gold bead to aid passage through the pylorus and a more easily

constructed modification using a gold plug with a threaded tail which

screws into the end of the silicone rubber tube was described later

(Rhea et al 1973). An external guidetube was also used to aid passage

of the weight to the pylorus, this being removed once the transpyloric

tube was in place. Cheek and Staub (1973) described their experience

of feeding jejunally 36 sick premature .(mean birth weight 1.62 kg;

mean gestational age 32.8 weeks) and 10 sick term infants (mean birth

weight 3.34 kg; mean gestational age 39 weeks) using Argyle 5FG poly¬

vinylchloride feeding tubes without preweighting. Five of the premature

infants required gastrostomy to insert the tubes following failure of

their usual method of insertion. Amongst the premature infants hyper¬

osmolar milk.(Similac or SMA 24 cal/oz; 369 mosn/kg) was used and a

mean weight gain of 17*3 g/d (10.2 g/kg/d) during a mean duration of

20.1 days of jejunal feeding, terminated at 35 weeks gestational age.

Three of the premature infants died of reasons unrelated to type of

feeding but 2 patients aspirated feed despite transpyloric feeding.

Ei^it of 46 (17$) jejunal tubes blocked. They summarised the advantages

of jejunal feeding as:

" (1) Reduction in the time required by personnel for feeding

purposes.
v

(2) Reduction in disturbance to the patient.

(3) Presentation of a greater quantity of calories without

danger of gastric distension and vagal stimulation.

(4) Diminution of the chance of aspiration compared with

gastric feeding.

(5) Elimination of osmotic or volume overload as seen in

parenteral alimentation.

(6) Economic considerations .... "



and. they stressed the need for

controlled clinical trials as no control group was included in their

study. In 1975 4 studies were published comparing gastric and jejunal

feeding in infants below 1.5 kg birth weight (Uauy et al 19751 Van

Caillie and Powell 1975 y Wells and Zachmann 1975» Wofsdorf et al 1975)

and despite small numbers of patients in two of these studies (Van

Caillie and Powell 1975» Wells and Zachmann 1975) all confirmed

advantages in smaller initial weight loss and more rapid weight gain

amongst jejunally fed infants, due to a larger volume of feed being

tolerated earlier, and the duration of intravenous fluid supplementation

was reduced. The more recent study of Minoli et_ aL 1978 using hyper¬

osmolar milk of high caloric density (Humana 0) claimed that 'the use

of nasoduodenal feeding abolished the physiological loss of weight which

normally occurs during the first week of life and was associated with

a subsequent rate of weight gain equal to or better than that observed

in infants fed by other routes', without gastrically or parenterally fed

controls. Hyde (1978) and Beddis and McKenzie (1979) experienced

considerable technical difficulties with jejunal feeding and were less

convinced of its advantages, and Drew et al (1979) in a- prospective study

of 44 healthy infants of birth weight less than 1.5 kg fed gastrically or

jejunally with Similac (67 cal/lOOml) found no advantage in enteral feed

intake tolerated by the jejunally fed infants. These infants had a

higher feed—related complication rate but the difference between

jejunally and gastrically fed. infants was not statistically significant.

A number of techniques have been described which are claimed to

aid tube placement or prevent subsequent dislodgement (Loo _et_ al 1974»

Schaff-Blass et al 1976, Delia Pietra .et aj 1978). The method of

insertion described by Boxall and Gendle (1979) is a modification

of that of Cheek and Staub (1973)•



A year after the publication of Cheek and Staub's study reports of

complications of transpyloric feeding started to appear in the

literature. Challacombe (1974) drew attention to colonisation of the

upper bowel of jejunally fed infants with Gram negative organisms, due

either to the presence of an intraluminal foreign body in the jejunum or

by-passing of the stomach. The significance of this finding was unclear

but Heird (1974) suspected it might be of relevance to the high incidence

of NEC amongst his group of jejunally fed infants (4 out of 30) and 2

cases of NEC amongst 13 jejunally fed infants described by Chen and Wong

(1974)* Fatal feed aspiration occurred in a further two of Chen and

Wong's patients and in another a jejunojejunal intussusception developed

apparently initiated by the jejunal tube. Duodenal perforation has been

described in 6 infants fed jejunally (Boros and Reynolds 1974» Sun et al

1975, Siegle et al 1976, Roy et al 1977)* All of these infants were fed

via polyvinylchloride (PVC) transpyloric tubes which contain a phthalate

ester plasticiser which leeches out in body fluids within 3 days of

placement leaving the tube rigid like a 'harpoon in the lumen of the gut'

(Roy_et al 1977). This change in tube pliability was also noted by

Hayhurst and Wyman (1975) who were unable to demonstrate the same change

in vitro. The PVC plasticiser was proposed as a common aetiological

factor in the association of umbilical arterial, and umbilical venous
V

catheterisation and nasojejunal feeding with NEC (Rhea et al 1975) and ih®

same authors strongly recommended the use of silicone rubber tubes and

the infusion of isosmolar sterile milk in an attempt to reduce the risk of

NEC. Minoli and Moro (1979) in their experience of 263 consecutive infants

fed jejunally with PVC tubes changed routinely every 4 days, had had no

cases of bowel perforation or NEC. Frequent tube changing would not

have prevented the duodenal perforation which occurred within 24 hours

of insertion, however (Sun et al 1975)• In 27 matched pairs of jejunally



and. gastrically fed infants with birthweights between 1.0 and 1.5 kg

fed with PVC tubes Fernandes at al (1976) found no difference in

complication rates except for increased stool frequency amongst

jejunally fBd infants. Perforation of the tube tip into the right

renal pelvis has been described twice (Perez-Rodrigues et al 1978,

Fogle et al 1978)• The former is the only episode of bowel perforation

described by a silicone rubber tube although at least one other has

occurred (Polandt F, personal communication 1980).

A study of 18 healthy LBW infants by Roy et ad (1977) randomly

allocated to jejunal or gastric feeding showed the jejunally fed infants

to have significantly more stools containing significantly more fat and

potassium from those fed gastrically. Weight gain showed a statistically

insignificant trend favouring the gastrically fed group and 5 of the 9

jejunally fed infants had repeated large gastric aspirates (10-40 ml/d).
The use of naso-enteral tubes has been claimed to be a significant cause

of staphylococcal enterocolitis due to organisms identical with those

colonising the nose (Gutman et al 1976). Schreiner et al_ (1979)
demonstrated contamination of milk reservoirs of the type used for

continuous enteral feeding by organisms of the type found on the hands

of the nursing staff. These findings suggest that transpyloric feeding

may be associated with an infection risk although this is likely to be

less than with more invasive procedures such as parenteral nutrition.

The information in the literature is conflicting with regard to the

potential benefits and complications of transpyloric feeding, and this

technique was therefore considered worthy of further evaluation from

the clinical and metabolic standpoint.

Parenteral nutrition: Although the intravenous administration of amino-

acid solutions and a calorie source to infants with severe but



potentially recoverable gastrointestinal lesions has become an

accepted part of neonatal practice since the spectacular description

of the first case by Wilmore and Dudrick (1968), the use of hyper¬

alimentation totally or partly by the intravenous route in an attempt

to promote growth in LBW infants at intrauterine rates remains

conjectural (Winters 1975, Cockburn 1976, Brans 19T7)- Initial studies

of parenteral supplementation suggested improved growth (Benda and

Babson 1971, Peden and Karpel 1972, Shaw 1973, Cashore 1975)

while others (Brans et al 1974, Higgs et al 1974, Gunn et al 1978, Yu

jet al 1979) were unable to demonstrate any improvement in growth and

nutritional status. Workers in North America, Sweden and Hungary have

studied the metabolic consequences of short term intravenous infusion

of fat, carbohydrate and aminoacids in the LBW infant (Stegink and Baker

1971, Heird et al 1972, Gustayson et al 1972 and 1974, Olegard et al 1975,

Rubecz and Mestyan 1973, Mestyan and Rubecz 1973, Rubecz et_aj 1974,

Rubecz et al 1976 (1) and (2), Mestyan et al 1976, Rubecz and Mestyan

1976, Andrew et al 1976). No studies have yet looked at the cummulative

effects on aminoacid and energy metabolism in the LBW infant caused by

long term total parenteral nutrition as used clinically. Increasing

numbers of complications have been reported related not only to infection

and technical difficulties with administration of the infusate (Altman
V

and Randolph 1971) hut also of problems attributable to the currently

available infusate composition (Touloukian 1975) such as cholestatic

jaundice (Peden et al 197*1)» cataracts (Catalano 1975) metabolic

instability (Aynsley-Green _et al 1974, Seashore and Seashore 1976)

deficiency states (Michie and Wirth 1978, Karpel and Peden 1972) and

developmental delay and neurological handicap related to infusate

composition (Calarizi et al 1976). There has been a realisation that



not all the weight increase in LBW infants fed parenterally is due

to growth, as body water and extracellular fluid (Brans et al 1976)

have been shown to be increased in these infants probably due to the

osraolar load of the infusate. For these reasons recent authors have

urged caution (BMJ Editorial 1979» Kerner and Sunshine 1979) in the

use of parenteral alimentation in the routine management of the LBW

infant. Further studies are required relating neurological outcome

and growth to parenteral supplementation in the newborn period before

parenteral nutrition can be considered to be of proven benefit to

infants who can tolerate enteral feeds. There remains a place for

total parenteral nutrition in the management of infants who will not

tolerate enteral feeding during the first few weeks of life, but

further investigation of the most appropriate infusate is required.

How important is early nutrition to ultimate growth and neurological

development?

Widdowson and McCance (1963) demonstrated in the rat that stunting

caused by malnutrition during a critical phase of development could

not be corrected by later nutritional rehabilitation. It was postulated

(Winick and Noble 1965) that organ growth occurred in three phases;

first a period of cell multiplication, then a phase of increasing cell

numbers accompanied by increasing cell size, and thirdly by increase

in cell size alone. Nutritional growth restriction during the first

hyperplastic phase of growth might not be recoverable whereas

nutritional growth restriction in the later pypertrophic phase would

be followed by catch up growth (Winick and Noble 1966). This hypothesis

formed the basis for the aggressive hyperalimentation of the LBW

newborn in an attempt to prevent reduction in the ultimate cell

population of the brain and other tissues. As described above, the



attempt to attain intrauterine growth curves outside the uterus by

hyperalimentation either enterally or parenterally was associated

in some instances with increased morbidity. Recent work (Sands et al_

1979) casts doubt on the hypothesis and provides evidence, in the rat,

that increase in cell size is the initial growth phase followed by

continuing increases in both cell size and number throughout the

remainder of organ growth. If cell multiplication is indeed the

element of growth sensitive to nutritional deprivation, the fact that

multiplication occurs throughout organ growth suggests that aggressive

attempts at hyperalimentation to simulate intrauterine growth are not

justifiedjif further increase in cell numbers can occur during catch

up growth. These suggestions detract from the arguement for aggressive

nutritional management of the LBW newborn at a time when the dangers

of this approach are becoming clear.

Test Weighing

Because of the importance of adequate nutrition in the premature

infant to promote optimal growth and the difficulties administering an

accurate feed intake in breast fed infants, test weighing ('test feeding*)

has been advocated as a valid way of determining an infants* feed intake

and his requirement for milk supplementation (Crosse 1957)* The technique

of test weighing determining the feed intake by weighing the infant before

and after feeding, was known to Budin (19OO) and was used by him for

assessing the milk output of l^is wet-nurses. In the past, test

weighing has provided nutritional data on breast fed infants (Waller

1920, Naish 1948) and is a technique known to all midwives, described

in all midwifery textbooks and practiced widely, if sparadically, in

Britain today. More recently (jolly 1975) doubts have been cast on the

accuracy and desirability of the technique. No formal assessment of

the accuracy of test weighing using routine clinical equipment and staff



have been published except for a brief preliminary experiment in a

study of the adequacy of breast feeding practices in hospital by

Culley et al (1979)* This problem requires further investigation

not only to assess the accuracy of feed supplementation in small

infants but also as a sensitive method of assessment of the accuracy

of infant weighing practices in general.

Parenteral nutrition in infants with recoverable gastrointestinal

pathology

In 1968 Dudrick et al demonstrated that long term intravenous

alimentation with a glucose fat and aminoacid mixture couls support

normal rates of growth and development in puppies over prolonged

periods. Analagous results were obtained when a similar techniqe was

used by the same group in an infant with extensive small and large

bowel atresia (Wilmore and Dudrick 1968). This result was confirmed

in surgical infants by others (Filler et al 19^9, Borresen et al 1970,
(>)

Coran et al 1973, Fox and Krasna 1973, Filler 1974) and in infants with

severe malabsorption syndrome unresponsive to dietary management (Avery

et al 1968 and Keating 1974)• Total parenteral nutrition (TPN) of such

infants has become an important accepted therapeutic adjunct to the

management of potentially recoverable gastrointestinal lesions,
V.

particularly those requiring gastrointestinal surgery in the newborn

period. The need to provide TPN to preserve life has grown up at a

time when our understanding of the requirements for long term TPN even
%

in mature infants is inadequate but the potential for damage to the

developing central nervous system by circulating aminoacid elevations

recognised (Harper 1964, Wong and Justice 1972). These infants have

proved an important source of clinical material for research aimed at

improving TPN regimens (Coran et al 1974, Dale et al 1976, Toshiro et al

1976).



The metabolic consequences of the prolonged utilisation of

alternative parenteral feeding regimens has been studied by only two

groups of workers. Asch et_al (1975) studied 6 infants requiring

parenteral nutrition for surgical reasons using three alternative

regimens; Dudrick's method using 2C$ glucose and a nitrogen source

administered by central vein, a regimen using 12^ glucose, a nitrogen

source and soybean emulsion ('Intralipid regimen') and Babson's method

using 12^b glucose, a nitrogen source and 1^ ethanol, the latter two

regimens being administered by peripheral vein. The infants were

randomly allocated to one regimen, and the regimen changed after 7—10

days. The growth rate and caloric intake was less with Babson's

regimen than with either of the other two,but nitrogen retention was

similar with the three methods. Two infants could not tolerate the

high carbohydrate infusion rate of the Dudrick method, however.

Glucagon levels were lower and growth hormone levels higher after the

fat free regimen than with the intralipid regimen but the insulin

levels tended to be higher when intralipid was given. From a metabolic

standpoint the authors concluded that Dudrick's method and the

intralipid method were superior to Babson's method, but that Dudrick's

method had three major disadvantages. Firstly a central venous catheter

was required with its complications (Brockman and Krill 1970» Wilmore
v

and Dudrick 1968), secondly some infants have poor tolerance of

carbohydrate in the dose given, and thirdly,prolonged use of this method

beyond several weeks leads to signs of essential fatty acid deficiency
*

(Friedman et _al 1976). The disadvantages of the intralipid regimen were

the effect of intralipid on platelet adhesiveness and coagulation and

the uncertain significance of fat pigment deposition in the liver. No

measurement of fat and carbohydrate substrates or aminoacid levels were

made in this study.



Lindblad et al (1977) investigated the metabolic effects of two

regimens of TPN, both containing intralipid. Regimen A contained fructose

in addition to glucose and aminoacids in a composition similar to whole

egg (Vamin, Vitrum, Stockholm). Regimen B differed in having glucose

alone as the carbohydrate source, and the aminoacid requirement provided

by a specially prepared aminoacid mixture containing a composition of

aminoacids similar to that found in human milk. The infusate was given

continuously by peripheral vein to 19 infants. During the infusion and

30 min. after cessation blood levels of substrates and insulin were

measured. The principal metabolic difference found between the two

regimens was higher lactate levels in infants receiving fructose. Other

aminoacid and substrate level elevations seemed to be related more to

the infants' general condition than to the regimen used. The finding of

high substrate levels in the presence of low insulin levels was

interpreted as a relative deficiency of insulin and administration of

exogenous insulin proposed. By the time this study was published we had

already begun a study of the clinical and metabolic consequences of two

alternative TPN regimens in our surgical neonates.



Chapter 2

Metabolite Measurement Techniques

and an Evaluation of their Precision



Introduction

In order to assess the metabolic responses of the newborn to

enteral and parenteral feeding we wished to measure glucose, alanine,

glycerol, 3-hydroxybutyrate, acetoacetate,lactate, pyruvate, insulin

and glucagon where possible. The traditional spectrophotometric

enzymatic methods (Bergmeyer 1974)^ although appropriate for the
investigation of adult patients?require too much blood to be practically
or ethically applicable to the newborn, particularly if several samples

are required from each subject. We sought, therefore to miniaturise

the assay techniques as much as possible to permit measurement of

these substances using capillary blood.

Miniaturisation of metabolite methods

Glucose: The blood glucose method of Barham and Trinder (1972) was

easily scaled down to 10 microlitres ^1) sample aliquots for spectro¬
photometry measurement using a CECIL 393•spectrophotometer (Talbot

Instruments, Alderley Edge, Cheshire) fitted with a specially constructed

1 ml 1 cm light path flow cell (Hellma Ltd. Westcliffe on Sea, Essex).

Lactate, pyruvate, 3—hydroxybutyrate, acetoacetate. alanine and glycerol:

The sample volumes for these metabolites were scaled down to lOjil

(lactate, 3-hydroxybutyrate, alanine and glycerol) or 20jul (pyruvate
and acetoacetate) by conversion of the assay measurement from spectro¬

photometry to spectrophotofluprometric.

Spectrophotometry vs. spectrophotofluorometry: The spectrophotometric

methods rely on consumption (pyruvate and acetoacetate) or production

(glycerol, alanine, 3-hydroxybutyrate, lactate) of Nicotine Adenine

Dinucleotide - reduced form (NADH) which can be detected quantitatively



by its absorption band at 340nanometers (nm) at concentrations between

is directed at the light source with the sample interposed between

them. Reductions in concentration of the substance being measured

produce reductions in light absorption by the sample, so at the

lower concentration limit of spectrophotometric measurement the light

detector has to discriminate a small difference in incident light of

high intensity reaching it. Sensitivity of the light detector is

limited by the necessity of it being resistant to the high light

intensity reaching it when there is zero sample absorption.

In the Aminco Bowman spectrophotofluorometer (SPF, V.A. Howe,

London) the arrangement is different and avoids this limitation (Lowry

and Passoneau 1972). Light of a selected wavelength ('excitation wave¬

length', ) is shone on the sample causing fluorescent light to beJIlX • ~

emitted which is split by a prism and light of a selected wavelength

('emission wavelength', A]«;m ) directed to a very sensitive light
detector (photomultiplier tube, PMT) for measurement. Apertures of a

chosen size ('slits') restrict the amount and wavelength range of light

reaching the sample (excitation slit = 2 mm in all measurements), the

light permitted to leave the sample chamber (emission slit = 2 mm in

all measurements) and the width of the wavelength range reaching the

PMT (variable, specified for each assay). A xenon arc, a very intense

light source, is used as the excitation beam generator to maximise the

amount of fluorescent light produced. The excitation and emission light

beams are at right angles, so very little light can pass directly

through the SFF by internal reflection and will only be detected when

10 and 200 micromolar In a spectrophotometer the light detector

Im.
The PMT can be made almost infinitely sensitive



both in its construction and by increasing the bias voltage across

it, but it has to be protected by a shutter against accidental exposure

to bright light when the bias voltage is switched on. The PMT is likely

extreme sensitivity permits detection of NAXfH in a concentration range

0.1 - 10^uM, so the upper limit of SPF detection coincides with the
lower limit of spectrophotometry.

Sources of error in spectrophotofluorometry: The SPP is also, however,

extremely sensitive to traces of fluorescent material in or on the

reaction tubes, fluctuations in the mains voltage leading to variations

in light output of the xenon arc and the PMT bias voltage, instability

of the position of the electrical arc in relation to the excitation beam

focusing optics ('arc instability') and the PMT meter is upset by electro¬

magnetic interference from electrical equipment being vised in adjacent

laboratories and even by ageing fluorescent lighting in one's own

laboratory. Our SPP has a ratiophotometer which^by adjusting the PMT
bias voltage in response to changes in light output by the xenon arcj

tends to reduce drift due to mains voltage fluctuations. It does rot have

a magnetic arc stabiliser to counteract arc instability, however. For

these reasons many of the metabolite measurements were deliberately done

at weekends and at night when the machine seemed to be more stable. On

occasions assays had to be postponed or abandoned if the SPP was too un¬

stable.

The fluorescent light emitted from the sample may be affected by

changes in pH , temperature, trace divalent ion concentrations,
J 1

particularly Mg , and by light quenching within the sample. Assay

tubes incubated at temperatures other than room temperature (alanine

37°C and 3—hydroxybutyrate 30°C) were permitted to reach room

to be permanently damaged if it is exposed when This



temperature and the tubes tapped to dislodge small bubbles adherent

to their walls before reading the fluorescence. Variability of trace

| |
ion concentrations can be limited either by adding excess Mg or by

chelating with ethylene diamine tetra-acetic acid (EDTA).

Reaction tube problems: Cylindrical 2 inch pyrex test tubes (Corning,

Sunderland) were used as recommended by.Lowry and Passoneau (1974)»

serving as reaction vessels and cuvettes. Aminco fluorometer tubes

(V.A. Howe, London) have superior optical properties but are

prohibitively expensive in the numbers required. Either sort of tube

gets scratched after several passages through the washing procedure

and periodically all the tubes have to be inspected carefully for

scratches and the scratched ones discarded. With the pyrex tubes there

is some variation in internal and external diameter (and therefore light

path) and in thickness of the glass. Although prior inspection of the

tubes can eliminate those which are obviously narrower or wider, optical

variations in the pyrex tubes remain a significant source of imprecision.

In order to rid the tubes of adherent fluorescent material the washing

procedure described by Lowry and Passoneau (1972) was used. They are

first packed vertically, open ends to the top, in 250 ml screw top

cylindrical polypropylene containers, and these filled with distilled

water. By firmly squeezing the outside of the container and inverting,

it is possible to empty out the fluid without the tubes falling out.

They are then filled with 0.5 <molar (M) sodium hydroxide and stood in

a boiling water bath in a fume cupboard for 5 minutes. The sodium

hydroxide is decanted as described above, the tubes rinsed again and

the same procedure repeated with 50% nitric acid. After three further

distilled water rinses the tubes are dried in the polypropylene

containers in the drying cabinet, the containers capped and the tubes
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stored ready for use. The tubes then have very little residual

fluorescence. The polypropylene containers will withstand alternate

hot alkali and hot nitric acid for about 30 passages through the

washing cycle then become brittle and develop cracks around the

bottom. It is therefore important to inspect them for leaks from

time to time as the principle cleaning agent is hot concentrated nitric

acid, and accidents must be avoided at all costs!

Excitation and emission spectra of NADH; In order to illustrate the

fluorescent properties of NADH, excitation and emission spectra were

drawn for components of the acetoacetate assay. The reaction involves

the consumption of NADH viz:

CH3C0CH2C02H + NADH + H+ 3"deh^d^o^lS^+ NAJ)+
the reaction occurring at pH 6.8 in a phosphate buffer at room

temperature. The excitation spectrum is found by scanning X with

set at an optimal value, and the emission spectrum by scanning

with constant. This procedure was carried out with four

reaction tubes, all of which were allowed to reach equilibrium by incubation

for 30 min. at room temperature.

1. Phosphate buffer + NADH + 3-hydroxybutyrate dehydrogenase.

2. Phosphate buffer + NADH + 3-hydroxybutyrate dehydrogenase + an
V

excess of acetoacetate.

3« Phosphate buffer alone.

4« Phosphate buffer + acetoacetate + 3—hydroxybutyrate dehydrogenase.

Both tubes 1 and 2 contain NADH but the reaction procedes in tube 2,

with NADH consumption, tube 1 representing the situation where there is

no acetoacetate in the sample to be measured. Excitation spectra for

tubes 1-4 are given in Figs 2:1 and 2:2. /V, was set at 465 for

this part of the experiment. There was a large peak at 350 nm when tube 1



was scanned which had disappeared in tube 2. The difference between

these two tubes was the addition of acetoacetate to tube 2 permitting

the reaction to take place with consumption of NADH. Tubes 2 and 4 had

little fluorescence in the range 320-380 nm but more than buffer alone

(tube 3). The difference between 2 and 4» and 3 is likely to be

fluorescence of the enzyme protein which was masked due to the large

NADU peak in tube 1. When\^ ^ and"^.^ approximate, light was
detected by the PMT producing the very high peaks between 450 and 490 nm.

The optimal^ for NADH at this pH is therefore 350 nm. The emission
spectra for the 4 tubes with"^^^ at 350 nm are given in Figs 2:3
and 2:4- There was again a broad high peak when'^ ^ approximates to

but also a peak at 465 nm present in tube 1 which contains NADH,

disappearing when NADH is consumed by the reaction (tube 2). There was

slightly more fluorescence between 400 nm and 500 nm in tubes containing

the enzyme than in phosphate buffer alone.X for NADH is therefore
465 nm. These values are the same for all the buffer systems used in

the assays and agree with the values given by Lowry and Passoneau (1972).

Sample handling and storage

Two hundred microlitre heelprick capillary blood samples were

collected from a warmed heel using a heparinised constriction pipette
V.

and discharged into 200 pi of 6^ perchloric acid in a chilled micro

centrifuge tube and mixed well. The brown precipitate of denatured prote

and red cells which forms was packed by centrifugation for 5 min. at
I

4°C in a microhaematocrit centrifuge (Gelman Hawkesley, Park Mills,

Northampton) and the clear supernatant ('blood water1) separated and

frozen until the metabolite measurement could be made (within 7 days).

At the same time about 500 Pi of blood was collected in a chilled

centrifuge tube containing 50 Pi EDTA/Trasylol solution (EDTA/trasylol
solution contains 20 mg disodium EDTA and 5»000 units Trasylol
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Fig. 2:4 Emission spectra for tubes 3 and 4



(aprotinin, Bayer) per ml water). After careful mixing,the blood was

centrifuged with the metabolite specimen at 4°C and the supernatant

stored deep frozen for insulin and glucagon measurements. Amino acid

measurements were carried out on 400^ul samples of blood collected in

heparinised microtubes, the assay being done on the same day.

Metabolite methods

General considerations: With the exception of the blood glucose assay

method the metabolite methods used are from Bergmeyer 'Methods in

Enzymatic Analysis' 2nd English Edition, 1974 modified for fluorometric

use with the help of Dr. J. Girard, Hotel Bieu, Paris, France. Sample

measurements were generally carried out in duplicate, the 10yul

aliquots being measured with a 10 yul labpipette (jencons, Hemel

Hempstead) and the 20^ul aliquots in the acetoacetate and pyruvate

assays measured as 10 ^1 pipetted twice. Sample concentration values

were calculated from the equation of a standard plot of at least 4

duplicate standards within the linear response range for each assay,

making allowance for sample dilution during processing. Samples giving

values above the highest standard were diluted and remeasured. The

metabolite measurements were carried out within 7 days of sample

collect ion( and, because of the relative instability of pyruvate,
V.

acetoacetate and 3—hydroxybutyrate, and the stability of glucose,

alanine, glycerol and lactate at room temperature, the assays were

always carried out in the same^ order viz: pyruvate, acetoacetate,

3-rhydroxybutyrate, lactate, glycerol, alanine and glucose. Reproducibility

was assessed by 20 sequential measurements of a value near the middle of

the physiological range and expressed as coefficient of variation. The

limit of linearity was determined by measurement of progressively higher

standards until deviation from straight line response was apparent, and
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coefficient of correlation (r) between fluorescence and concentration

determined within the linear response section of the standard curve.

Stability of the measured value and hence reading time was determined by

repeated measurements of three standards from the addition of the enzyme

to up to 1 hour reaction time. After each assay method the appropriate

reference and other references to similar fluorometric techniques in the

literature are given and sufficient detail of the methods is given to permit

them to be carried out without additional information.

Glucose: This assay is a scaled down version of the method of Barham

and Trinder (1972).

Glucose + 02 + ^0 oxidase* Gluconic acid + H2°2

H202 Peroxidase+ 0.
The oxygen acceptor is a sulptonated 2:4 dichlorophenol — 4 amino—

phenazone system.

Materials:

(1) 1.0M Analar Hydrochloric Acid (HCl).

(2) TRIS Buffer pH 7.0 (0.Q5M).

Dissolve 12.12g. TRIS in 90 ml (1) and make up to 2 litres.

Check pH and adjust as necessary. Store at 4°C.

(3) Stock Sulphanated 2:4 Dichlorophenol 2^. Add 20 ml conc.

H2S04 to 10g. 2:4 dichlorophenol and heat In a water bath at
100°C for 5 hours. Cool, add 400 ml distilled water and neutralise

with 10 M NaOH. Add 10 ml 0.5M H^SO^ and make up to 500 ml with
distilled water. Filter if necessary. Stable indefinitely.

(4) Working Dichlorophenol Reagent

To 20 ml (3) add 100 ml (2). Store at 4°C in a darkened bottle.

Stable for 2-3 weeks.

(5) Glucose Oxidase Reagent

Dissolve 400 mg Glucose Oxidase (Boehringer Grade 3, Boehringer



Corp., Lewes, Sussex), 60 mg Peroxidase (Sigma crude, Sigma

Chemical Co., Poole, Dorset) and 100 mg 4 aminophenazone in 400 ml

(2). Stable 2-3 weeks at 4°C in a darkened bottle.

Method:

Mix dichlorophenol reagent (4) with glucose oxidase reagent (5) in

the ratio of 35™! (4) to 15 ml (5) = 50 ml (6) allowing 1 ml (6) for

each measurement.

Standards: 0, 1.5» 3.0, 6.0 mM glucose in water saturated with benzoic

acid.

Reaction: 1 ml (6) + 10>ul sample or standard.

Incubate at 37°C for 30 min. Read vs. water blank at 520 nm in spectro¬

photometer (e.g. CECIL 393)*

Linearity:

0-6 mM (sample) = 0-12 mM (blood) r = 0.997*

Reproducibility:

Coefficient of variation at 1.5 mM (sample) (n = 20) = 2.4#.

Reading time:

Values stable 20-60 min.

L (+) Lactate: The method is that described by Passoneau (1974)*

L (+) Lactate + NAD+
......Pyruvate + NADH + H+

Lactate

dehydrogenase
Hydrazone

The reaction is driven against the normal equilibrium by NAD excess, high
%

pH and trapping of pyruvate as the hydrazone.

Materials:

(1) 2 amino - 2 methyl - 1 propanol 1M. pH 10. 9.6 ml aminomethyl-

propanol adjusted to pH10 with 12N HC1 and made up to 100 ml with

distilled water. 10 ml aliquots deep frozen; stable for several



months.

(2) 24$ Hydrazine

(3) NAD

(5) Lactate dehydrogenase (Boehringer or Merck, E Merck, Darmstadt,

West Germany, LDH).

Method:

Dissolve 140 mg NAD in water, add 10 ml _aminomethylpropanol (1) and

1.05 ml 24^ Hydrazine (2) and make up to 100 ml with distilled water (6).

Standards: 0, 0.25, 0»50» 1» 2 mM lactic acid prepared fresh for each

assay.

Reaction: 1 ml (6) + 10 Ml sample or standard + 10 Ml undiluted LDH.

Incubate at room temperature for 30 min.

Read fluorescence'"^^ ^ 350,"^^ 465 nm, PMT slit 0.5 mm.
Linearity:

0-1 mM (sample) = 0-2 mM (blood) r = 0.991*

Reproducibility:

Coefficient of variation at 500 MM (n= 20) = 1%,

Reading time:

Values stable 10-^40 min. after addition of enzyme.

Passoneau (1974) reports a coefficient of variation of 3%• Similar methods

were described by Olsen (19T1) and Cramp (1968).
V.

Pyruvate: This assay is a miniaturisation of thefluorometric method

described by Passoneau and Lowry (1974).

Pyruvate + NADH + H+ ^5. Lactate + NAD+.
The equilibrium constant favours this direction of the reaction.

Materials:

(1) Dipotassium Hydrogen Phosphate 1M. 22.8 g K2HP0^.3H20 dissolved and
made up to 100 ml with distilled water. Stable at 4°C for several

months.



(2) Sodium Dihydrogen Phosphate 1M 13.8g NaH^PO^.I^O dissolved and made
up to 100 ml with distilled water. Stable at 4°C for several

months.

(3) Pyruvate standard 1mM. 11 mg sodium pyruvate dissolved and made

up to 100 ml. Stable for about 2 hours on ice.

(4) NADH 5 mM. 14 mg NADH in 4 ml carbonate buffer (5) stable for

24 hours at 4°C.

(5) Carbonate buffer 0.1M pH 10.6. 85O mg Na^CO^ and 170 mg NaHCO^
made up tb 100 ml with distilled water. Stable at 4°C for several

months.

(6) Lactate dehydrogenase (Boehringer or Merck).

(7) Tris—albumin 0.02^ pH8. 20 mg bovine serum albumin and 242.3 mg

Tris made up to 100 ml and pH adjusted to 8. Stable for several

months deep frozen in 1 ml aliquots. 10/il LHH is added to 1 ml

to give 1:100 dilution of enzyme.

Method:

Mix 5 ml K^HPO^ (1), 5 ml NaH^PO^ (2) add 60^)1x1 NADH solution (4) and
make up to 100 ml with distilled water (6).

Standards: 0, 25, 50, 100, 200 jaM.

Reaction: To 1 ml of (6) add 20jil of sample or 10^1 standard.
Read fluorescence 1 350 nm, 465 nm PMT slit 5*0 mm.hx. iLnu v-

Add 10 jjil diluted LDH.

Incubate at room temperature for 6 min.

Read fluorescence 2. There is. loss of fluorescence due to NADH consumptic

proportional to the pyruvate concentration in the sample.

Linearity:

0-200^iM (blood or sample) r = 0.991*
Reproducibility:

Coefficient of variation 25 ^iM (n = 20) = 9*1?^
150 pM (n = 20) = 2.15b



Reading time:

Not critical, values stable 2-30 rain, after addition of the enzyme.

Passoneau and Lowry (1974) quote the coefficient of variation for

60/il sample aliquot to be 3}>* Similar methods are those of Olsen

(1971) and Cramp (19^8)•

3-hydroxybutyrate: This assay is a miniaturisation of the spectro-

photometric method described by Williamson and Mellanby (1974).

3-hydroxybutyrate + NAD+ ^gehydrogenase^6^ Acetoacetate + NADH + H+
The reaction rates for the two stereoisomers of 3-hydroxybutyrate are

different. Samples are customarily measured against the racemic

standard even though it is only the h(—) form which is biologically

import ant.

Materials:

(1) Tris buffer pfl 8.5 0.1M. 2.42 g. Tris, dissolved, pH adjusted

to 8.5 with IMHC1 and made up to 200 mis. Stable several months

at 4°C.

(2) NAD.

(3) Sodium ethylene diamine tetra-acetic acid (EDTA).

(4) 1M Hydrochloric acid.

(5) 24^ Hydrazine. v-

(6) Standard DL—3-hydroxybutyric acid 2.5 mM. 33.6 mg Sigma

3-hydroxybutyric acid diluted to 100 mis with distilled water.

Keeps on ice for about 2 hours. (This weighing takes account of

29.4?t water in our Sigma sample.)

(7) 3-hydroxybutyrate dehydrogenase (3HBD) (Boehringer, Grade 2).

Method:

Mix together 4 ml 24% hydrazine, 5 ml 1M HC1, 21 ml tris (1) 20 mg



EDTA and 30 mg NAD, (8).

Standards: 0, 312, 625, 1250, 2500>iM.

Reaction: Add 10^1 of sample or standard to 1 ml of (8). Add 10

undiluted 3 HBD.

Linearity:

0-1250/iM (sample) = 0-2500^^uM (blood) r = 0.997*

Reproducibility:

Coefficient of variation at 312/iM (sample)(n = 20) «= 6.0"jo,

Reading time:

Values stable from 10—40 min. after addition of the enzyme.

Williamson and Mellanby (1974) quote a coefficient of variation of 5% for

the spectrophotometric method. Olsen (1971) and- Persson (1970) have

described similar methods.

Acetoacetate: This assay is a miniaturisation of the spectrophotometric

method described by Mellanby and Williamson (1974)*
+ 3HBP +

Acetoacetate + NAEH + H
^ 3-hydroxybutyrate + NAD

Materials:

(1) Phosphate buffer 0.1M pH 6.8. 2.28 g K2HP0^.3H20 dissolved and
- V

made up to 100 ml. 1.36 g KHgPO^ dissolved and made up to 100 ml.
Equal volumes of the above are mixed together. Stable for several

months at 4°C.
%

(2) NABH 5 (as for the pyruvate assay).

(3) Aceto—acetic acid standard 1 mM. 13 nig Sigma aceto—acetic acid,

Li. salt in 100 ml. water.

(4) 3-hydroxybutyrate dehydrogenase (Boehringer, Grade 2).

Method:

Mix together 100 ml phosphate buffer (1) and 100-l80^il NADH solution (5)*

Incubate for 30 min. at 30°C.

Read fluorescence



Standards: 0, 62.5, 125» 250, 500^iuM.

Reaction: To 1 ml (5) add 10^ul standard or 20jil sample.

Read fluorescence 1 \ 350 nm 465 11111 FMT slit 1 mm.
iiiX* iiim#

Add 10^1 undiluted 3HBD, incubate at room temperature for 30 min. and

read fluorescence 2. Acetoacetate concentration is proportional to the

loss in fluorescence due to NADH consumption.

Linearity: ' _

0-500yuM (sample or blood) r = 0.994«

Reproducibility:

Coefficient of variation at 125^yuM (n = 20) = Qfu.
Reading time:

Not critical, values stable 25—40 min. after addition of enzyme.

The coefficient of variation quoted by Mellanby and Williamson for the

spectrophotometric method is 6^. Similar methods have been described by

Olsen (1971) a^d Persson (1970).

Glycerol: This assay is a scaled down version for fluorometric use

of the spectrophotometric method described by Wieland (1974) involving

a two step reaction.

The appearance of NADH fluorescence is proportional to the glycerol

concentration in the sample.

Materials: '

(1) 24^ Hydrazine

(2) Glycine

(3) Glycerol standard 1600JM. 15 mg glycerol diluted to 100 ml
with distilled water. Stable for several months at 4°C.

(4) NAD.

Glycerokinase
>

dehydrogenase

phosphate + NADH + H+.



(5) Magnesium chloride 1M. 20.33 g MgClg.SHpO dissolved and made
up to 100 ml with distilled water. Stable for several months

at 4°C.

(6) Ammonium sulphate 2.4M. 31.7 g made up to 100 ml

with distilled water.

(7) Adenosine triphosphate (ATP).

(8) Glycerophosphate dehydrogenase (Boehringer).

(9) Glycerokinase (Boehringer). Dilute 1:10 with ammonium sulphate (6)

before use.

Method:

Dissolve 3.75 g glycine, 51 »5 ml 24% hydrazine and 0.5 ml magnesium

chloride, adjust pH to 9*8 and make up to 250 ml (Mix 1). This mixture

is stable for'1 week at 4°C. Dissolve 20 mg ATP and 15 mg NAD in 50 ml

of Mix 1 (Mix 2). Allowing 1 ml of Mix 2 for each measurement add 5yul
glycerolphosphate dehydrogenase per 1 ml of Mix 2 required (Mix 3).

Standards: 0, 50, 100, 200, 400y«M.
Reaction: To 1 ml of Mix 3 add 10yu.1 of sample or standard and 10yul
diluted glycerokinase.

Incubate at room temperature for 30 min.

Read fluorescence 'X. 350 nm 465 nm PMT slit 2.0 mm.Ex. Em.

Linearity: v

0-400yuM (sample), 0-800yuM (blood) r = 0.993.

Reproducibility:

Coefficient of variation at 5®yuM (sample)(n = 20) = 8.5% and at

150yuM (sample)(n = 20) = 4%.
Reading time:

Not critical, values stable 5~^40 min. after addition of glycerokinase.

Wieland (1974) quotes a coefficient of variation of 2.5% for the spectro¬

photometry method. Laurell and Tibbling (1966) describe a similar

method.



Alanine: This assay is a miniaturisation of the spectrophotometry

method of Williamson (1974) involving utilisation of the microbial

enzyme alanine dehydrogenase.

CH^ CH^

i r
+ *2° + HJU)+ dehydrogenas^ 0 ■ 0 + NH^ + NADH + H+

I '\
C02H C02H

L—alanine pyruvat e

Materials:

(1) Tris 0.2M. 4*84 g Tris made up to 200 ml with distilled water.

Stable for several months at 4°C.

(2) Phosphate buffer 20 mM pH 7*4» 272 mg KH2P0^ dissolved, pH
adjusted to 7*4 and made up to 100 ml with distilled water.

Stable at 4°C for several months.

(3) L—alanine standard 1 mM.

(4) L-alanine dehydrogenase (Boehringer). Dilute 1:10 with phosphate

buffer (2) before use.

(5) Sodium EDTA

(6) NAD
V

(7) 24% Hydrazine

Method:

Dissolve 17 mg EDTA and 33.4 mg NAD and add 7 ml Tris and 7 ml 24/fc
%

hydrazine. Make up to 100 ml (8).

Standards: 0, 31.2, 62.5, 125, 250^uM.
Reaction: To 1 ml of (8) add 10^ul sample or standard and 10jol diluted
alanine dehydrogenase.

Incubate at 37°C for 30 min.



37

Read fluorescence 350 nm A. 465 nm PMT slit 2 mm.illXe Jtiin.

Linearity:

0-250 yiM (sample), 0-500(blood) r = 0.995*
Reproducibility:

Coefficient of variation at 125(sample)(n = 20) = 7^*

Reading time:

Values stable 40-60 min. after addition of enzyme, 10 min. after
o

removal from 37 C water bath.

Williamson (1974) quotes a coefficient of variation of 5*4/^ for the

spectrophotometric method.

A comparison of arterial and capillary metabolite levels

Patients and Methods:

In order to assess the correlation between capillary and arterial

metabolite levels using the above methods, a study involving simultaneous

arterial and capillary sampling was carried out. Eight infants weighing

between 1.2kg and 2.4kg who had umbilical arterial or radial arterial

catheters in situ for clinical reasons were studied after informed

parental consent was given. The infants were suffering from a wide

range of clinical problems including respiratory distress syndrome,

pneumothorax, birth asphyxia and systemic infection and some had very
v

severe blood gas derangements. Only one capillary and one arterial

sample each of 200 p.l was obtained from each patient. The arterial

specimen was taken at a time when a clinical blood gas measurement was

required. The dead space of the catheter was first evacuated, the blood

gas specimen drawn (200 pi), then the metabolite specimen, in an attempt

to limit sample contamination by catheter rinsing fluid (heparinised

saline). The capillary sample was obtained from a heel prick

immediately before the arterial sample, and a dextrostix (Ames, Slough)



measurement of blood glucose carried out for clinical reasons on the

heel prick blood specimens. The specimens were processed together as

described above and measured in adjacent tubes on the same assays in

duplicate.

Results;

Because of the high packed cell volume of two of the infants, no

glucose measurements could be made on patient no. 7 and duplicates for

pyruvate on the arterial specimen of patient 4 were unsatisfactory and

could not be repeated because of small sample size. All the aceto-acetate

values were less than 30>uM and as such did not form a sufficiently

representative sample on which to assess their correlation. The

remaining results are summarised in Table 2:1, and are plotted}capillary

vs. arterial yalues}in Fig 2:5• The line of identity is shown in each
case. The correlation coefficients were all greater than 0.9 except for

alanine but the relationships for all the metabolites are not 1:1 as

illustrated by the gradients of the linear regressions. There is a

suggestion that the relationship may not be a linear one at high

concentrations of lactate and glucose, arterial concentrations of these

substances not being reflected in the capillary equivalents. The tendency

of the capillary levels to under estimate the arterial levels may be due

to the higher packed cell volume of capillary blood, and hence the relatively
V

larger contribution of red cell cytoplasm to total blood water. Alanine

levels appeared to be most affected by capillary sampling techniques but

the correlation is significant at the 5^ level. Although the correlations

could be improved by increasing the number of observations it was not felt

to be ethically justifiable to investigate more infants, correlation having

been demonstrated for the metabolites measured.



Table2.1:Simultaneous
arterialand
capillarymetabolitelevels
in8infant8

requiringintensive
care

Patient No.

Arterial or Capillary

Glucose raM

Alanine |iM

Glycerol HM

3-Hydroxy—Lactate butyratemM HM

Pyruval HM

1

A

5.7

94

84

405

1.38

37

C

6.0

184

67

237

1.38

43

2

A

14.8*

119

.299

621

3.29

41

.'C

9.6

89

274

442

2.67

31

3

A

8.8

204

240

863

2.89

118

C

8.6

242

282

763

2.55

87

4

A

8.4

110

152

150

1.22

_

C

7.5

138

172

130

-1.63

96

5

A

6.8

123

168

110

1.01

93

C

7.1

154

221

180

1.44

52

6

A

8.7

146

230

170

1.50'

118

C

7.2

149

238

120

1.19

95

7

A

—

136

263

150

1.01

87

C

—

186

295

220

1.07

75

8

A

8.4

180

308

270

1.94

134

C

7.3

242

336

280

1.96

86

Correlation Coefficient

0.905

0.715

0.946

0.914

0.939

0.905

P

<0.01

<0.05

<0.001

<0.01

<0.001

<0.01

Gradientof Regression

0.81

1.01

1.03

0.71

0.65

0.59

*omitted
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Insulin and glucagon measurement techniques

Insulin measurements were made in duplicate by radioimmunoassay

using Wellcome insulin binding reagent and a human insulin standard

(Hales and Randle 1J63), the precipitate being separated by

centrifugation. The assays were done by Professor R. D. G. Milner,

(Department of Paediatrics, University of Sheffield) with the

assistance of the author.

Plasma glucagon was measured by radioimmunoassay by Dr. R. Assan,

Hotel Dieu, Paris, using 30K antiserum to determine pancreatic glucagon

and non specific antiserum for total glucagon (Assan et al 1971)*

Aminoacid measurement techniques

Plasma aminoacid measurements were done by Mrs. A. Green, Department

of Chemical Pathology, Children's Hospital, Sheffield, using one

dimensional paper chromatography or a Rank Hilger aminoacid analyser.
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Chapter 3

On the Accuracy of Test Weighing



Introduction

The aims of the following study were firstly to make an assessment

of the accuracy of the baby scales in routine use in our hospital, and

secondly to assess the accuracy of test weighing using ward equipment

and personnel to determine to what extent routine test weighing could

be relied upon as a means of determining accurately the amount of

supplementary milk required by breast fed infants. Thirdly we wished

to determine if the precision of test weighing was influenced by body

weight of the infant.

Patients and Methods:

Test weighing was carried out in the Special Care Baby Unit (SCBU)

Jessop Hospital for Women, Sheffield of 100 bottle fed infants (birth

weight 1.9—4«6 kg) who required •special' care for a variety of reasons.

All patients were test weighed in the usual manner (Naish 1948) by

midwives, student midwives, nursery nurses and mothers with supervision

using standard Salter Trent baby scales and the weight obtained denoted Test

Weight (TW). The bottles were weighed to determine the feed weight (FW)

before and after feeding using a Metier automatic laboratory balance which

the test weighers found no difficulty in learning to use. Patients were

omitted from the study if they vomited, had any urinary or stool losses

not contained within the napkin or if a recognised accidental loss of

milk between weighings occurred.

%

Results

In order to evaluate the systematic weighing errors of the Metier

balance and the baby scales, two series of over 100 blind sequential

weighings were carried out using baby feed bottles of different weights

(FW) and bags of salt (TW). The estimated FW systematic weighing error
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(0.14 g) was 14.6^ of the estimated TW systematic weighing error (9.6 _g)

and was very small in relation to the smallest FW obtained (31.1 g).

The TW systematic weighing error will inevitably be an underestimate

since no allowance was made for the movement of a restless hungry infant.

As the precision of the FW measurement is much greater, it is a valid

yardstick against which to assess TW errors. Although greater precision

can be obtained using a sophisticated electronic balance (Lucas et al

1979) our purpose was to investigate the accuracy of routine clinical

test weighings..

One hundred test weighings were carried out but in 4 pairs of

results the TW was more than twice the corresponding FW. The test

weighers considered these results to be obviously wrong even without

knowing the FW value and they were therefore excluded from the

calculations which follow. Of the remaining 96 observations only 31

of the TW values fell within + 10^ of the corresponding FW value, 51

fell within + 20ft of the FW value and 10 fell outside + 30^ of the

appropriate FW values. There was an overall tendency of TW to under¬

estimate FW; 42 of TW values underestimated FW by more than 10$

whereas 23 of the TW values overestimated FW by more than 10$. Fig 3i1

shows the 96 TW values plotted against the corresponding FW values.

The FW measurements range from 31.1—100.7 g while the scatter of the

corresponding TW values is wider (10-130 g). The regression lines

relating TW and FW are:

FW = ^39-14 + 0.40 x TW

TW = 8.36 + 0.79 1 FW and the correlation

coefficient of TW on FW is O.56. Both of these lines differ significantly

from the line of identity FW = TW (F0 n/l = 54«30 (p < 0.001) and 4«83

(p = 0.01) respectively for simultaneous tests of unit slope and zero

intercept in each case). The TW values clump at 10 g intervals due to
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10 20 30> 40 50 60 70 80 90 100 110 120 130

Test weight (g)

Fig. 3:1 Test weight and corresponding feed weight values
obtained in 96 infants. The solid line denotes
the line of identity. The interrupted line denotes
the linear regression FW = 39*14 + 0.40 TW.



difficulties recording differences of less than 10 g on the baby scales

and there is a wide scatter of values of FW obtained in infants who,

by having identical TW values are deemed clinically to have taken the

same amount of milk (e.g. TW = 40g> FW 32.5 - 88.4 g) •

If test weight error (TWE) is defined as TW less FW, the variation

of TWE with TO is shown in Fig. 3:2, where a negative value of TOE

indicates an underestimate of FW by TW and a positive value overestimate.

The TWE is greatest at the high and low extremes of the range of TW

measured, and approximates to zero at TW values around 60-10 g. This

finding is expected because with the much wider scatter of TW values

than the corresponding FW values, individual FW values will correspond

to TW values which deviate further from the median of the TO population

than the FW does from the median of the FW population. At low values

of TO the TWE exceeds the TO value, whereas at high values of TW, within

the range studied, TWE represents a smaller fraction of TW. Comparison

of TWE with FW, the true independent variable accurately reflecting the

amount of feed actually taken by the infant, shows that the mean overall

percentage TWE for the population is 22.5fo of the mean FW but there is a

wide scatter in individual measurements (range 0—90fc) ,

To assess the contribution of body weight(BW) to the magnitude of
v.

TWE the multiple linear regression TWE = 16.35 — 0.24FW — 0.02BW was

compared with the regression of TWE on FW alone (TWE = 8.36 - 0.21FW)

and no significant body weight effect found (F1 q, = 0.60; p>0.1).» i, yd

Comment

These results show that clinical test weighing using standard baby

scales is an inaccurate method for determining feed intake and that the

errors are not influenced by the body weight of the infant.
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Chapter 4

A Clinical Comparison of Naso.je.junal and

Nasogastric Feeding in Low Birth Weight

Infants
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Introduction

Early in 1977 the first silicone rubber pre-weighted transpyloric

tube became commercially available in the U.K. By the end of 1976 w®

had become concerned by the frequency of feed aspiration and bradycardic

and apnoeic attacks related to nasogastric feeding in boluses in the

low birth weight infants in S.C.B.U., Jessop Hospital for Women,

Sheffield ('the unit').

Because of -the favourable reports of transpyloric feeding of the

low birth weight infant in the literature, nasojejunal feeding by

continuous milk infusion was introduced in April, 1977 as a standard

routine method for our infants of 1.5 kg birthweight or less. The

following study was carried out from January, 1977 _ December, 1979

to compare clinically the short and long term effects on neonatal course

and subsequent growth of continuous nasojejunal and intermittent nasogastric

feeding.

Patient and Methods

Patient selection: Between January, 1977 and December, 1979 113 infants

were admitted to the unit who weighed 1.5 kg or less at birth and were of

35 weeks gestation or less (Table 4sl)» Forty one infants were excluded

from the study because they received no enteral feeds or were not under

our direct clinical control during the period of full introduction of

enteral feeding. Allocation of feeding route, nasojejunal or nasogastric,
%

was made on the basis of the date of admission of the infant (Table 4?2).

One 29 week infant was fed je junally during a gastric feeding period

because his identical twin was being fed gastrically. Two infants, both

26 weeks gestation, birthweights 0.88 and 0.99 kg would not tolerate

jejunal feeding, or gastric feeding, and were fed parenterally for most of

the first 4 weeks of life. These infants are included in the calculations

relating to tube insertion only. "One infant (27 week gestation, birth



Table4:1

PatientSelectionJanuary1977-December1979 113infantsadmitted (=or<1.5kg =or<35weeksgestation)
StudyPopulation 72infants

i)48infantsfedjejunally
ii)2infantsdidnottolerate parenteralnutrition

22infantsfed gastrically

41infantsexcluded (i)5diedofcongenitalmalformations (ii)26diedwithinJ2hoursofbirth withoutreceivinganyenteral feeds(Meanbirthweight0.99kg, range0.55-1*46kg;mean gestationalage26.8weeks,range 24-32weeks).
(iii)8werealreadybeingfedenterally onadmissionfromotherS.C.B.U's

(iv)2werenotfullyestablishedon enteralfeedingattransferback tothereferringS.C.B.U.
no



Table 4? 2

Allocation of patients to nasogastric or naso.je.junal feeding

Nasogastric Naso.jejunal

January 1977 — April 1977 6 —

May 1977 - October 1978 ' - - 33

November 1978 - May 1979 16 1*

June 1979 - December 1979 — 16+

* A 29 week infant whose twin was fed gastrically

+ Includes 2 infants <1 kg birthweight who did not tolerate

jejunal or .gastric feeds initially.
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Fig, 4* 1 Modified Vides 77 transport incubator
with cardiac monitor, electronic
thermometer, oxygen analyser infant
ventilator, drug and equipment box
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Fig. 4:2 Interior of modified Victes 77 transport
incubator showing headbox heat shield
* silver swaddler1 rectal temperature probe
ventilator and incubator controls



weight 0.22 kg)was successfully fed for 14 days by the jejunal route

then suffered a mesenteric arterial embolism and was withdrawn from the

study at that stage.

An infant was considered small for gestational age (SGA) if the

birth weight was more than 2 standard deviations below the mean, and

appropriate for gestational age (AGA) if the birthweight fell within +

2 standard deviations of the mean according to the intrauterine growth

standards of Usher and McLean (1969)*

Neonatal management and follow up: The infants were actively

resuscitated at birth under a radiant heater and transferred as soon as

possible to the unit where they were nursed under a radiant heat shield,

usually clothed in a servo controlled incubator (Vickers 79» Vickers

Medical^ Basingstoke, or Draeger 7501» Draeger Medical, Hemel Hempstead)
with no added humidity. Infants requiring intensive care born in

outlying hospitals were transferred at the earliest opportunity using a

Vickers 77 transport incubator modified for intensive care use by the

author (Fig. 4s 1» 4s2), similar to that described by Blake et al (1975)

and used by Chiswick et al_ (1979)*

The cardiorespiratory state was monitored electronically during the

period of intensive care wherever possible and humidified oxygen

administered via a headbox to a prescribed concentration. Blood gas

analysis via indwelling arterial catheters (umbilical or radial) or by

peripheral arterial puncture was carried out in infants needing a

fractional inspired oxygen concentration (F^C^) in excess of 0.30.
Since May 1979 blood oxygen levels have also been measured continuously

using transcutaneous electrodes (Radiometer, V.A. Howe , London).

In infants with respiratory distress syndrome continuous positive

airways pressure (CPAP) at 5-8 cm Ho0 pressure was begun when the arterial
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partial pressure of oxygen (P 0o) fell below 50 torr in F.0o 0.60 andE c 1 c..

intermittent positive pressure ventilation (IPPV) via endotracheal

tube with reversed ratios (Reynolds 1975) employed when the P Q fellE C.

below 50 torr in F^O^ 1.00 on 8 cm H^O CPAP or the arterial partial
pressure of carbon dioxide (P C09) rose above 85 torr, or the infantCl

became apnoeic. CPAP was used as the method of choice for the treatment

of apnoeic attacks of prematurity at pressures of 2-A cm H^O (Kattwinkel
1977) usually via a single nasal catheter (Whitfield 1980), and low

pressure IPPV (peak airway pressure 10-12 cm H^O) via endotracheal tube
if this proved unsuccessful.

Neonatal jaundice was treated by phototherapy and exchange

transfusion following broadly the recommendations of Swyer (1975)•

Dextrostix measurements of blood glucose were carried out regularly and

infants with blood glucose levels less than 1.7 mM were treated with

parenteral glucose infusions whether symptomatic or not. Plasma sodium,

potassium, chloride and urea were measured daily during the intensive phase

of management and at least weekly until 35 weeks gestation, and

appropriate supplements prescribed. Differential leucocyte counts were

monitored frequently during the intensive phase as an aid to early diagnosis

and treatment of suspected systemic bacterial infection (Xanthou 1972,

Gregory and Hey 1972). Anaemia was treated by transfusion when the

haemoglobin concentration fell below 12 g/dI if the infant had not yet

reached his expected date of delivery. Vegetable oil was applied to

the infants' skin twice weekly during the neonatal period in an attempt

to reduce insensible water loss (Brice et al 1980), as a prophylactic

against essential fatty acid deficiency (Friedman et al 1976 (2)) to

prevent cracking in the flexures.

All infants were weighed at least twice weekly during their stay

(
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Pig. 4s3 Mother holding her baby at 3 days
of age (29 weeks gestation 1.2 kg)
who has just been extubated and
is receiving oxygen in a headbox



in hospital and the occipitofrontal circumference (OFC) measured

weekly. Active parental involvement with the "babies was encouraged

from the first days of life (Fig 4s3) and the mother frequently

admitted for her infant's last week in hospital before discharge to

provide a period of supervised 'apprenticeship' in the management of

her infant. The infants were discharged home at body weights ranging

from 1.85 to 2.5 kg depending on the feeding performance of the infant,

medical problems, and social conditions.

The babies were seen regularly in the out-patient clinic for

assessment of growth and development until the age of 1 year from

expected date of delivery (EDD + 1 year). The infants were seen by the

author personally at at least half of the clinic visits. The follow-up

data is incomplete as several of the infants had not reached EDD + 1 year

and as the number of infants referred for specialist perinatal care

increased, the difficulties in following up patients who lived at

considerable distances grew. Supine length was measured only at the

follow-up clinic and in relatively few infants.

Feeding methods: Infants were fed enterally by the nasogastric or naso—

jejunal route with either Cow & Gate Premium (63 cal/100 ml: Cow & Gate

Baby Foods, Trowbridge, Wilts) or expressed breast milk (EBJl) if

available, according to the volume indicated in Table 4s3- Supplementary

10^ glucose and electrolytes were given parenterally until 150 ml/k^day
was tolerated enterally or longer if there was fluid and electrolyte

imbalance. A cautious approach was taken in the rate of increase of

enteral feeding in infants with signs of ileus. Although all infants

did not tolerate the rate of feed increase offered, the daily target

volumes were,the same for gastrically and jejunally fed infants. Careful

records were kept of milk intake, gastric aspirate, vomiting, stool



Table4s3 Targetenteralfeedintakebodyweight/kg/daybydayoflifefor.je.juriall.yorgastricallyfedinfants Typeoffeed

DayoflifeVolumeCowandGatePremium*MatureExpressedBreastMilk* (ml)caloriesprotein("g)caloriesprotein(g)
160381.1370.9 3150952.7932.3 7-10180-200113-1263.2-3.6112-1242-7-3.0

* +

Manufacturers'data DatafromMacy(1949)
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Pig. 4:4 Close up of the tip of a 6FG Vygon
transpyloric tube, cut away to show the
stainless steel weight



frequency, abdominal distension, and milk aspiration episodes for each

infant. Abidec (0.6 ml (Parke-Davis, Pontypool)), vitamin E acetate

10 mg/kg and Folic acid 500 pg were given daily as soon as enteral

feeding was tolerated and at a postnatal age of three months vitamin E

and Folic acid were replaced by Ferrous sulphate 60 mg daily, continued

until 9 months — 1 year after the EDD.

An indwelling 5 French Gauge (FG) PVC nasogastric tube, changed

daily, was used for the gastrically fed infants, feeds being delivered

as a bolus initially at hourly intervals and later 2 hourly and 3 hourly

as tolerated. Gastrically fed infants were nursed alternately prone,

lying on the right side and for short periods supine, but not lying on

the left side. The stomach was aspirated 3 hourly via the feeding tube

to check for increasing gastric residues and the feed volume altered if

necessary. Between 34 and 36 weeks gestational age when the infants showed

signs of sucking bottle or breast feeds were offered and full bottle or

breast feeding gradually established. The details of this method of

gastric feeding are similar to those described by Benda (1979)«

Jejunally fed infants were fed via a 6FG side opening silicone

rubber tube (Vygon U.K. Ltd., Cirencester) containing a stainless steel

weight of 0.23 g encased within the end (Fig. 4*4) to assist passage of
v

the tip through the pylorus. As these tubes are very flexible a slow

technique of tube insertion was adopted relying on peristalsis. We also

hoped this slow cautious approach would prevent the occurrence of
%

duodenal perforation, a complication almost entirely confined to rapidly

inserted PVC tubes. The following technique of tube insertion was used:

1. The length of tube to be passed is determined by measuring the

distance from the infant's nose to his heel with the legs

extended. Measure off this distance on a Vygon 6FG transpyloric
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f

Fig» 4:5 Jejunal tube fixation technique
using ^lenderm* permitting easy
visualisation of the pink * sleek*
flag

1



tube starting at the weighted end and mark the tube at the appropriate

place with a •flag* of 'Sleek' tape (Smith and Newphew, Welwyn

Garden City). ('Indelible' laboratory marking ink rubs off

silicone rubber.)

Check that the infant is connected to a cardiorespiratory monitor

then lie the infant on his right side, slightly head up and

restrain the arms.

Lubricate the jejunal tube with glycerol and pass through the

nostril into the stomach.

Pass a 3.5 or 5FG PVC orogastric tube into the stomach.

Inject 10—20 ml. of air into the stomach via the gastric tube to

encourage the pylorus to open and the weight to pass through

(Schaff—Blass et al 1976). During the following 20 min pass a

further 6-7 cm of jejunal tube through the nostril then remove as

much as possible of the remaining intragastric air via the

orogastric tube.

With the infant still lying on the right side, gently pass 1 cm/hour
of the jejunal tube during the next few hours until the 'flag' lies

2—3 mm outside the nostril. Any fluid refluxing up the jejunal

tube will change from acid stomach contents^to yellow alkaline bile

indicating passage of the end of the tube beyond the second part

of the duodenum.

Firmly fix the jejunal tube to the upper lip with Blenderm (3M U.K.

Ltd., Bracknell, Berks) which is transparent permitting quick

visual checks that the sleek 'flag' is in place (Fig 4:5) the

tube has not become dislodged at the nasal end.

X-ray the abdomen to check the position of the tube, the weight

should lie in the upper jejunum within 4 cm of the duodeno-jejunal
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Pig. 4i6 X-ray of an infant weighing 85O g
showing the jejunal tube correctly-
sited with the tube tip just beyond the
duodenojejunal flexure



flexure (Fig 4'- 6).

9. Sterile isotonic EBM or Cow & Gate Premium is then infused

continuously using a syringe pump according to the feeding regime

detailed in Table /[' 3»

10. Every three hours the tube position is checked visually, the syringe

refilled and the gastric tube suctioned, the volume of aspirate

and its appearance recorded, and the aspirate replaced down the

jejunal tube. This manoeuvre is important to minimise losses of

upper gastrointestinal electrolytes and enzymes. Three hourly

gastric aspirates of more than 2 ml suggests that the milk infusion

rate may be too high while 3 hourly aspirates of 5 ml or more

indicate that either ileus is present or the tip of the jejunal

tube has -prolapsed back into the stomach with an attendant risk of

aspiration.

11. Progressive abdominal distension, blood in the stools, vomiting, or

large gastric aspirates are indications to discontinue feeding

temporarily while a full assessment can be made of the infant's

condition.

12. In order to reduce bacterial colonisation of the infusion system,

the syringe and any extension tubing are changed daily and no more than

three hour's supply of milk is kept at roomHemperature in the

syringe. Investigation of infants suspected of suffering from

systemic infection should include culture of the milk in the
k

reservoir.

Infants were transferred from jejunal to intermittent gastric feeding

when they weighed 1.5 kg and then followed the gastric feeding regime with

the progressive introduction of actively sucked feeds at the appropriate

age.



Analysis of growth parameters; In order to permit valid statistical

analysis of the measurements of weight length and OFC of the jejunally

and gastrically fed infants with differing sex distributions in the two

groups, the results were expressed as standard deviation scores (S.D.

scores) calculated as illustrated by the formula for body weight at any

specified corrected gestational age;

_ , „ Infants' Weight — Mean Body Weight
Body rfeight 3D Score . 1 SI of Mean BodyHeight ^
and weight and length also as growth indices (Drash et al 1968)

illustrated by the formula for body weight:

Weight index = — height s-ge° Corrected gestational age

Weight age is defined as that age at which the infant's actual weight

equals the mean weight on a standard growth chart. Corrected gestational

age is the infant's age corrected for the number of weeks of extrauterine

life from birth to EDD. Before EDD corrected gestational age = gestational

age at birth + number of postnatal weeks. After EDD corrected gestational

age = postnatal age - number of weeks from birth to EDD. The calculations

were made using the growth standards made using the growth standards

of Usher and McLean (19^9) for weight and OFC to EDD and the weight and

length standards for British Children of Tanner et al (1966) and OPC

standards of Nellhaus (1968) from EDD to EDD + 1 year. The significance

of the S.D. scores was assessed using the Wilcox&n Rank Sum test and

that of growth indices by students* t test. Between birth and EDD weight

velocity (g/kg/day) was calculated weekly in overlapping 2 weekly

increments and OFC velocity (cny'week) in weekly increments. The

significance of differences in growth velocity was assessed using students'

t test.

Results:

The details of the 70 infants who were enterally fed from birth



are summarised, in Table 4s4* Forty eight (68.5%) of the infants were

fed jejunally from birth compared with 22 (31.5$) fed. gastrically. Only

2 of the 17 (11.8$) infants with birthweights of 1kg or less were fed

gastrically so direct statistical comparison of the results of the two

types of feeding in these very low birth weight infants is not possible.

Amongst AGA infants weighing between 1kg and 1.5kg at birth the jejunally

fed group (n = 28) did not differ significantly (x or students' t test

p > 0.1) from the gastrically fed group (n = 16) in sex distribution,

source, birthweight., gestational age, S.D. score, need for ventilatory

assistance, incidence of respiratory distress syndrome (19 in the jejunal

group, 10 in the gastric group) of death rate permitting statistical

comparison to be made between these two groups of infants. Amongst

SGA infants in•the 1—1.5kg. birthweight range, the numbers are small

but the groups comparable.

Tube placement in jejunally fed infants: Successful initial nasojejunal

tube placement was possible in all of the infants above 1 kg at birth

(Table 4s5)• Twenty nine of 33 jejunal tubes (88$) passed successfully

at the first attempt, 26 of 33 (79$) i*1 less than 24 hours. There was a

tendency for tube placement to take longer, require more attempts and

feeding to be started later amongst infants below 1 kg birthweight but

the differences between these infants and the 1—1 k»5 kg group are not

significantly different.

In 2 of the infants below41 kg tube placement was abandoned after 4

attempts, gastric feeds were not tolerated and parenteral nutrition

given. Both tolerated jejunal feeding after the fourth week of life.

Ten of 29 (36$) of the ventilated infants took more than 24 hours for

the tube tip to reach the upper jejunum compared with 3 of the 21 infants

(14$) not requiring ventilation, but this difference is not statistically

significant (p> 0.10). The SGA infants above 1 kg birthweight presented



Table4*4
Characteristicsof70infantsof1.5kgorlessatbirthfedenterall.yincludedinthestudy FarameterJejunal 1000gor

less

1001-
1500*

A•G•A.

S.G.A.

A.G.A.

S.G.A.

Number

10

5

28

5

SexRatio(M:F)

5:5

1:4

12:16

4:1

Source(Inborn:Outborn)
5:5

5:0

20:8

4:1

Birthweight(kg) Mean(range)

0.91 (0.69- 1.00)

0.87 (0.80- 1.00)

1.27 (1.04- 1.49)

1.32 (1.30- 1.33)

GestationalAge(Wks) Mean(range)

26.8 (25-28)

29.6 (28-30)

29.4 (27-32)

33.8 (33-35)

SDScoreatbirth Mean(range)

—0.6 (0.6— -1.6)

-2.6 (-2.1- -3.2)

—0.2 (1.5- -1.5)

-2.7 (-2.3- -3.3)

VentilatoryAssistance (IPPVorCPAP)(n)

8

2

17

0

Deaths(n)

5

0

4

0

Gastric

8

o

less

1001-
1500*

A.G.A.

■S.G.A.

A.G.A.

S.G.A.

1

1

16

4

1:0

0:1

10:6

2:2

1:0

0:1

9:7

4:0

0.84

0.99

1.30 (1.06— 1.46)

1.30 (1.22- 1.38)

25

30

30.0 (28-32)

34.2 (33-35)

-0.1

-2.2

—0,4 (0.9- -1.8)

-3.0 (-2.3- -3.6)

1

1

8

0

0

0

0

0



Table4?5

Initialtubeplacementin50naso.ie.junall.yfedinfantsof1.5kgorlessatbirth Initialtubeplacement
Patients

1000gorless Birthweight 1001-1500g Birthweight

(VAn-12 |noVAn= (Totaln=
AGA

(

(VAn=17 /NoVAn= (Totaln=
SGA(NoVAn=

No.ofattemptsrequired 3or more

Abandoned.

TimetaJcbn(hours)
<2424-4848+

Agewhenfeeding started(days) mean(range)

7

3

0

2

7

1

4

4.2

(2-6)

5

4

1

0

0

4

1

0

2.0

(1-3)

17

11

4

0

2

11

2

4

3.5

(1-6)

15

2

0

0

12

4

1

3.8

(1-12)

11

9

2

.0

0

9

2

G'

2.8

(1-12)

28

24

4

0

0

21

6

1

3.4

(1-12)

y

5

0

0

0

5

0

0

1.8

(1-3)

Note:VA=Ventilatoryassistance,IPPVorCPAP,atthetimewhenthejejunaltubewasbeingpassed



no problems with tube placement. The wide range (1—12 days) in the time

of commencement of feeding is explained by the cautious approach adopted

in infants with clinical signs of ileus.

Enteral calorie intake and need for supplementary intravenous fluids: The

enteral calorie intake tolerated by surviving jejunally and gastrically fed

infants and their need for supplementary intravenous fluids are summarised

in Fig 4:7-4?9* There are no statistically significant differences in

either parameter between gastrically and jejunally fed infants within

weight groupings.

In the AGA infants of 1—1.5 kg birthweight requiring ventilatory

assistance the jejunally fed infants had a higher enteral calorie intake

at 8 days of life (mean 86 cal/kg/day) than those fed gastrically (mean

61 cal/kg/day). Gastrically fed infants in the same weight group not

requiring ventilatory assistance had a higher enteral calorie intake at

8 days (mean 110 cal/kg/day) than the jejunally fed infants (mean 74 cal/kg/

day). Neither of these observations is statistically significant

(Wilcoxon Rank Sum test p >0.05) due to wide individual variations between

infants in both groups.

Within the AGA gastrically fed group of infants of 1—1.5 kg birthweig^it,

infants not requiring ventilatory assistance hadva significantly higher

enteral calorie intake on days 4 and 8 than those requiring ventilatory

assistance (Wilcoxon Rank Sum test p<0.0l) but there was no such

difference in jejunally fed infants due to the length of time taken to

insert the jejunal tubes.

Once feeding was fully established there were no significant

differences in enteral calorie intake between jejunally and gastrically

fed infants (jejunal 121.3 + 11.0 cal/kg/day; gastric 121.7 + 9*6 cal/kg/

day) either in the groups as a whole or between the birth weight sub-
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divisions within and. "between groups.
75

Duration of .jejunal feeding: The duration of jejunal feeding was

variable depending on the birth weight and subsequent growth rate of

the infants, as infants were transferred to gastric feeding on reaching

1.5 kg birthweight. Details of the duration of jejunal feeding are

given in Table 4s 6 •

Complications: Eight infants in the jejunal group died before discharge

home from our unit or before referral back to the referring S.C.B.U.

(mean birthweigfrt 0.99 kg; range 0.69—1.35 kg; mean gestational age

26.8 weeks; range 25-30 weeks). One further infant sustained a 'cot

death' in another S.C.B.U. before discharge home.

In two of these infants (1.12 kg, 27 weeks gestation, 0.84 kg, 26

weeks gestation) fatal pulmonary milk aspiration occurred following dis-

lodgement of the jejunal tube by a Bennett face mask being used to provide

low pressure IPPV for apnoeic attacks. No gastrically fed infants were

mask ventilated. As a result of this experience mask CPAP and ventilation

was abandoned in enterally fed infants. None of the other deaths could

be attributed to feeding complications.

In the AGA infants of 1—1.5 kg birthweight there was no significant
v

increase in feeding related complications in either the gastric or jejunal

group (Table 4:7)• In the infants of 1 kg or less at birth who were

jejunally fed 4 of the 10 aspirated feed despite jejunal feeding and
%

significant abdominal distension occurred in 6 out of 10.

Jejunal tube dislodgement after successful initial placement occurred

in 34 of the 48 jejunally fed infants between 1 euid 7 times per infant.

The causes of tube dislodgement are summarised in table 4s8. Dislodgement

was most frequently caused by the tube being pulled out either by the



Table4:6

Durationof.jejunalfeedingamongstsurvivinginfants Durationofjejunalfeeding(days)

WeightgroupN°»mean(range) 1000gorless Birthweight

10

61.5

46-69

1001-1500g

AGA

25

29.4

5-48

Birthweight

SGA

5

12.6

7-15

r

ni

as



Table4^7
ComplicationsrelatingtofeedingamongstsurvivingAGAinfantsof1-1.5kgbirthweight Jejunal(n=25)Gastricn■16

Nonfatalmilkaspiration2(8%).4(25%) Abdominaldistension*8(32%)4(25%) GastricResidue(ml/feeding day)+ (mean+1SD)2.6+2.03.4+2.2 Stools/feedingday+3.8+1.24*4+1.9 Vomiting(no.)03 *Sufficientlyseveretocurtailrateofincreaseindeliveredfeedvolume +Duringthefirst14daysoflife. Noneofthedifferencesbetweenjejunalandgastricgroupsarestatisticallysignificant,



Table4s8
Naso.jejunaltubedislodgementandsubsequentreplacementaftersuccessfulinitialinsertion

Birthweight

No.of Infants

BabyDays ofJejunal Feeding

No.of Replace¬ ments

Pulled Out

Reasons

Blocked

SRS*

Mask

Distension

1000gorless 1001-1500g

15 33 48

644 873 1517

30 37 67 (100$)

10 15 25 (37$)

4 3 7 (10$)

11 12 23 (34£)

5 4 9

(13/0

0
3 3 (656)

*Spontaneousreturntothestomach.



infant or occasionally accidentally by the nursing staff. Spontaneous

return of the tube tip to the stomach and inadvertent gastric feeding

presenting as large gastric aspirates was the next most important cause.

Dislodgement by Bennett masks and tube blockage were responsible for a

small number of tube reinsertions and 3 jejunal tubes were electively

removed because of severe abdominal distension which settled on stopping

the feeds.

Malabsorptive stools occurred in 2 of the jejunally fed infants of

less than 1 kg birthweight. In 2 infants jejunal feeding was abandoned

at 16 and 20 days because of symptomatic nasal obstruction. After 18

days of jejunal feeding one infant (O.85 kg 30 weeks gestation) had a

torrential gastrointestinal haemorrhage from the lower oesophagus requiring

emergency blood transfusion and later developed an oesophageal stricture

requiring surgical treatment with prolonged hospitalisation and separation

from her mother during the first year of life. There were no cases of

bowel perforation or NEC in either jejunally or gastrically fed infants.

Jejunally fed infants tolerated the change from continuous jejunal

feeding to intermittent bolus gastric feeding at 1.5 kg with no difficulty

and were usually graduated onto 3 hourly feeds within 24 hours of removal

of the jejunal tube. The Vygon transpyloric tubes did not become stiff

even when left in situ for up to 69 days. Tubes removed after 60 or

more days of jejunal feeding were bile stained and had only a very slight

tendency to adopt the shape of the duodenal loop.

Despite frequent measurements of plasma urea and electrolytes and an

active policy of sodium supplementation, 7 of the 10 surviving infants

of 1 kg or less at birth developed severe hyponatraemia (Na+ less than

120 mM on at least 1 measurement). Of the 32 infants of 30 weeks gestation

or less who were jejunally fed, 12 became hyponatraemic compared with 1 of



11 infants of 30 weeks gestation or less who were fed gastrically

(Fishers exact test p = 0.15). Some infants needed as much as 9 mMoles

of supplementary Na+/kg/day and hyponatraemia recurred in one infant when

sodium supplements were phased out at 4 weeks postnatal age (32 weeks

corrected gestational age). All infants maintained normal plasma sodium

levels on 1.8-2.0 mMoles/kg/day of dietary Na+ by 34 weeks corrected

gestational age.

Nursing time: The cost of procedures in nursing time is becoming a

major consideration in most intensive care nurseries in the U.K. and

an attempt was made to evaluate the relative demands on nursing time

of continuous jejunal and hourly intermittent gastric feeding in the

sick LBW infant. All nursing time spent on feeding related activities

during 7 baby days of jejunal and gastric feeding was recorded. Jejunal

feeding took 19»7 + 5»8 min./baby day (n = 7) made up of 0.3 + 0.2 min

for hourly checks of syringe excursion and 2.8 + 1.4 min for 3 hourly

syringe filling, visual check for tube dislodgement and suctioning the

gastric tube and replacing the aspirate down the jejunal tube. Intermittent

hourly gastric feeding took nearly five times as long (95*7 + 25 min./baby

day n = 7)» a highly significant difference (p = <0.001).

Growth: There were no significant differences in weight loss, day of

first weight gain and length of time to regain birthweight in the AGA

and SGA infants of 1—1.5 kg birthweight between the gastrically and

jejunally fed groups (Table 4;9)» The 2 gastrically fed infants of 1 kg

or less fared better than the 10 surviving jejunally fed infants of

similar birthweight but the numbers are too small to draw conclusions

of biological significance even though the difference between the 2

groups is numerically statistically significant, (Table 4s9)•

The subsequent growth of the infants fed jejunally and gastrically



Table4^9
Lossesand.gainsofbodyweightinthefirstweeksoflifein.je.junall.yand,gastricall.yfedinfants

WeightRange (g)
Feeding Regimen

No.

Birthweight(kg) mean(range)

Weightloss(g) mean(range)
FirstWeight Gain(days) mean(range)

Backto Birthweight (days) mean(range)

(NJX

10

0.92(0.80-1.00)
106*(70-170)

14.6(6-22)

24.0+(14-32)

1000gorless
(

17.0+(16-18)

(NG

2

0.92(0.84-0.99)
45*(40-50)

14.0(14twice)

(NJ

25

1.28(1.04-1.49)
126(0-230)

12.4(1-21)

19.8(1-39)

AGA(
(NG

16

1.30(1.04-1.46)
123(40-200)

12.9(4-26)

18.9(12-28)

1001-15OOg

(NJ

5

1.32(1.30-1.33)
78(30-110)

12.6(7-15)
' 15.6(12-18)

SGA(
(NG

4

1.30(1.22-1.38)
85(40-110)

9.3(6-13)

13.8(8-15)

*Students'
't

testp=<0.01
+Students'ttestp=<0.02

ITherewerenosignificantdifferencesbetweenSGAandAGAinfants<1kgfed jejunallysotheyhavebeengroupedtogether

no



during the newborn period is summarised in Tables 4:10, 4:11 and. 4:12.

(weight), 4:13f 4:14» 4:15 (OFC) and 4:16 and 4:17 (length). Although

there was no significant difference in birth weight between the AGA

jejunally and gastrically fed infants of 1—1.5 kg at birth, the jejunally

fed infants were significantly lighter at EDD when body weight, SD scores,

or weight indices are compared (p<0.05, Table 4:11)• The jejunally fed

infants in the group weighing 1000 g or less at birth were also

significantly lighter at EDD than the 2 gastrically fed infants (Table

4:10)jbut the numbers in the gastric group are too small to assess the

biological significance of this finding. In the AGA and SGA infants of

1—1.5 kg at birth and the infants of below 1000 g at birth the mean OFC

measurements are larger in the gastrically fed than the jejunally fed

infants at EDD in each group (Table 4:13» 4:14 and 4:15) but none of these

differences reach statistical significance (Wilcoxon Rank Sum test

p > 0.05 for SD scores). From EDD + 3 months to EDD + 1 year there were

no significant differences in any growth parameters measured in any group

between infants fed jejunally or gastrically in the newborn period.

Weight velocities (g/kg/day) for jejunally and gastrically fed

infants by postnatal age are given in Tables 4:18» 4:19 and 4:20. The

gastrically fed infants in each group had higher weight velocities than

comparable infants fed jejunally. The values foi4 AGA infants of 1—1.5 kg

at birth are shown graphically in Fig. 4:10» The weight velocity is

significantly higher in gastrically fed infants at 4, 5 and 6 weeks
I

postnatal age. Since not all infants were fed jejunally for the same

length of time^the weight velocities were recalculated by weeks of

postnatal age for the jejunal group separating the infants who were

still being fed jejunally from those who had been transferred to gastric

feeding and the results given in Table 4:21 and Fig. 4s 11* The transfer

of infants from jejunal to gastric feeding was associated with a



Table4?10
Bodyweightgrowthofinfantsfed.je.junall.yand,gastricall.yof1000gorlessatbirth:birthtoEM)+1year Feeding Regimen

Birth

34weeks gestation

EDD

-EDD+ 3months

EDD+ 6months

EDD+
1year

Number

NJ NG

10

2

10

2

10

2

7
2

7 2

7
1

Bodyweight (kg)mean (range)

NJ
NCI

0.92 (0.80-1.00) 0.92 (0.84-0.99)

1.03 (0.90-1.18) 1.42 (1.16-1.68)

1.66 (1.26-2.04) 2.37 (2.14-2.6)

4.35 (3.6-5.3) 5.15 (4.9-5.4)

6.16 (5.5-7.6) 7.15 (6.9-7.4)

8.06 (7.1-8.9) 9.5

MeanSD score

NJ NG

-1.56 -1.15

-3.86 -2.45

-3.86 -2.35

ctn tr—

O
co

-1.74 -0.57

-1.81 -0.20

WeightIndex

NJ

0.91+0.07

0.80+0.03

O.78+O.04*

0.45+0.24
0.63+0.42
0.61+0.11

mean +1SD

NG

0.94+0.07

O.89+O.07

O.88+O.04*

0.79+0.27
0.90+0.22

0.96

*Students'ttestp=<0.01



Table4:11 BodywqjghtgrowthofA.G.A.infantsfed.ie.junall.yandgastricallyof1-1,5kgatbirth:birthtoKDD+1.year Feeding Regimen

Birth

34weeks gestation

EDD

EDD+ 3months

EDD+ 6months

EDD+
1year

Number

NJ NG

21+ 15+

21 15

21 15

18 13

16 13

14

2

Bodvweigjit (kg)mean (range)

NJ

1.27 (1.04-1.49)

1.43 (1.16-1.68)

2.5 (1.70-3.10)

5.26 (4.5-6.0)

7.16 (6.2-9.0)

CO

O
ON

• 1

ON "3"

•

CO

NG

1.30 (1.04-1.46)

1.47 (1.14-1.75)

2.79 (2.22-3.6)

5.12 (4.4-6.5)

6.88 (6.3-8.0)

9.0 (8.2-9.8)

MeanSB score

NJ NG

-0.24 —0.40

-2.45 -2.31

-1.93 -1.44

-0.70 -1.05

-0.54 -1.02

-O.85 -0.88

WeightIndex

NJ

O.99+O.04

0.89+0.03

0.89+0.04*

0.86+0.22
0.92+0.22
O.79+O.12

mean +1SD

NG

O.99+O.03

0.89+0.03

0.92+0.04*

0.76+0.30
0.82+0.23

O.84

*Students'ttestp<0.05 +Infantswereincludedatbirthand34weeksgestationonlyiftheywerestill availableforstudyatEDD.



Table4t12 BodyweightgrowthofSGAinfantsfed.je.junall.yandgastricallyof1-1.5kgatbirth:birthtoEBP+1year Feeding Regimen

Birth.

EBP

EBB+ 3months

EBB+ 6months

EBB+
1year

Number

NJ NG

5
4

5
4

3 3

3 3

2 2

Bodyweight (kg)mean (range)

NJ NG

1.32 (1.30-1.33) 1.29 (1.26-1.38)

1.81 (1.58-2.0) 1.91 (1.47-2.5)

4.93 (4.7-5.1) 4.83 (4.5-5.3)

6.6 (6.O-7.O) 6.5 (6.1-7.1)

9.1 (9.0-9.2) 8.8 (8.0—9.6)

MeanSB score

NJ NG

-2.72 -3.01

-3.55 -3.34

-1.28 -1.31

1f

—k

••

O
4^

-1.03 -1.08

WeightIndex

NJ

0.87+0.02

0.81+0.02

0.64+0*16

0.71+0.06-

0.74

mean +1SB

NG

0.86+0.03

0.83+0.04

O.67+O.12

0.74+0.06

0.78



Table4:13 Occipitofrontalcircumferencegrowthofinfantsfedjejunallyandgastricallyof1000gorless BirthtoEDD+1year

atbirth:

Feeding Regimen

Birth

34weeks gestation

EDD

EDD+ 3months

EDD+ 6months

EDD+
1year

Number

NJ NG

10

2

10

2

9
2

7' 2

7
2

7
1

OFC(cm) mean(range)

NJ

24.3 (23-25.5)

27.8 (26-29.2)

32.3 (30-34.9)

40.4 (38.8-42)

43.5 (42.6-45)

46.9 (46-48.4)

'NG

24.0 (23-25)

28.4 (27.3-29.4)
33.7 (32-35.4)

40.7 (40.6-40.9)

44.0 (44.2-43.8)
48.0

MeanSD score

NJ NG

-1.39 -1.03

-2.68 -2.26

-2.62 -1.41

+0.32 +0.53

+0.30
,+0.59

+0.46 +1.69



Table4i14 OccipitofrontalcircumferencegrowthofAGAinfantsfedjejunallyandgastricallyof1-1.5kgatbirthjBirth—EDD+1year
Feeding Regimen

Birth

34weeks gestation

EDD

EDD+
3months

EDD+
6months

Number

NJ NG

21 14

21 14

21 13

.15
13

12 12

OPC(cm) mean(range)

NJ

26.8 (25-29.3)

29.1 (26.8-31)

34.1 (31.3-35.8)

40.8 (38.8-42.8)

44.3 (42.5^6.4)

,NO

27.4 (26-29)

29.7 (29-32.4)

35.1 (33.3-36.3)

40.7 (38-42.5)

44.0 (41.3-46.0)

MeanSD

NJ

-0.30

-1.89

-0.05

+0.60

+0.75

score

NG

-0.25

-1.26

+O.56

+0.40

+0.60

EDD+
1year

9 2

46.8 (45-2-48.6) 47-2 (45.8-48.6) +0.34 +0.63



Table4?15
OccipitofrontalcircumferencegrowthofSGAinfantsfedjejunallyandgastricallyof1-1.5kgatbirth:Birth-EDD+1year

Number OPC(cm) mean(range) MeanSD score

Feeding Regimen NJ NG
NJ

_NG
NJ NG

Birth
5

4

27-9 (27.1-28.4) 28.4 (28-29) -2.47 -2.34

EDD

5
4

32.0 (31-33) 32.2 (30.6-33) -2.02 -1.64

EDD+ 3months
4 3

39.5 (38.8-41.7) 39.2 (38-40.8) -0.63 -0,87

EDD+
6months

4
3

43.1 (40.8-44.6) 42.4 (41.3-44) -0.30 -0.66

EDD+
1year

2 2

46.3 (44.7-48) 45.9(44.2-47.6) -0.49 -1.28



Table4s16 Supinelengthgrowthininfantsfed .je.junallyandgastricallyof1000gorless:
EDD+3months-EDD+1.year

Number Supinelength(cm) MeanSD score Lengthindex mean +1SD

Feeding Regimen NJ NG NJ NG NJ NG NJ
NG

END+3months 4
2

57.5 (56.5-58) 58.8 (57-60.5) —0.69 -Q.51 0.83+0.09 0.94+0.19

EDD+6months 4
2

64.6 (62.5-67) 67.5 (67-68) -0.66 +0.28 O.89+O.19 1.08+0.12

EDD+Tyear 3 0

74.6 (73-75.5)



Table4:17 SupinelengthgrowthinAGAinfantsfed.je.junallyand,gastricall.yof1-1.5kgatbirth:EDI)+3months-1year Feeding Regimen

EDD+3months
END+6months
EDD+1year

Number

NJ

9

10

6

NG

6

3

2

Supinelength(cm)

NJ

58.5

66.0

74.9

mean(range)

(55.4-60)

(63-69)

(73-77)

NG

59.0

66.0

74.0

(56.5-62.5)

(66x3)

(74x2)

MeanSD

NJ

-0.56

-0.36

-0.03

score

NG

—0.41

-0.56

-0.47

Lengthindex

NJ

0.93+0.24

0.97+0.23

O.98+O.13

mean +1SD

NG

0.97+0.31-

O.93+O.09

O.92+O.10



Table4:18 Weightvelocity(g/kg/day+1SD)byweeksofpostnatallifeininfantsfedjejunallyandgastricallyof1000gorlessatbirth

FeedingBirthweightGestationalWeightvelocity(g/kg/d+ISP)byweeksofpostnatallife
o■(kg)mean+Age(wks)__Regimen15D- mean+1SDill4£628 NJ (n=lo)0.92+0.0828.3+1.62.4+2.76.2+4.79.2+4.911.0+3.79.7+4.29.0+4.7*9.2+£.1+11.4+2.9 NO (n-2)0.92+0.1127.5+3.506.5+1.613.0+2.911.7+0.112.0+1.316.4+0.7*l7.9+2.8+17.8+4.2 *Students1ttestp=<0.001 +Students1ttestp=<0.01 Note:Ailinfantsinthejejunalgroupwerefedbythejejunalrouteonlythroughoutthefirst8weeksofpostnatallife.

I



Table4:19 Weightvelocity(g/kg/day+1SL)byweeksofpostnatallifeinAGAinfantsfedjejunallyandgastricallyof 1—1.5kgatbirth

FeedingBirthweightGestationalWeightvelocity(g/kg/day+1SD)byweeksofpostnatallife Regimenm6£m±Ag®(wks)12AA'RA7ARegimen1SDmean+1SD11_-1111 NJ (n=22)1.28+0.1229.6+1.12.8+2.67.6+4.510.9+4.912.2+3.7*12.3+3.6+13.3+3.9*14.3+3.413.4+3.9 NG (n-15)1.30+0.1530.0+1.32.2+2.69.2+6.014.5+4.714.9+3.9*17.0+4.6+16.4+3.8*15.7+4.214.3+4.5 *Students'ttestp=<0.05 +Students'ttestp=0.01 NotesSixinfantsfromtheoriginaljejunalgroupand1infantfromthe originalgastricgroupweretransferredbacktothereferringunit before40weeksgestationsoarenotincludedhencen=22and15 respectively.

vo
rw



Table4s20 Weightvelocity(g/kg/day+1SD)byweeksofpostnatallifeinSGAinfantsfedjejunallyandgastricallyof 1-1.5kgatbirth

FeedingB'irthweightGestationalWeightvelocity(a/kg/day+1SD)by.weeksofpostnatalage Regimenm̂ean±Age(wks)1P1A*Regim6n1SDmean+1SD123.45 NJ (n=5)1.32+0/0133.8+0.82.6+2.79.3+4.712.8+5.411.3+2.210.8+1.6 NG (n=4)1.30+0.0734.2+0.96.1+2.911.9+3.214.6+3.914.9+4.411.9+5.6 Note:Noneofthedifferencesbetweenthejejunalandgastricgrouparesignificant
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Table4:21 AGAinfantsof1-1.5kgbirthweightinthejejunalgroup:weightvelocity(g/kg/day+1SD)byweeksof postnatallifeininfantsbeingjejunallyfedandthosetransferredtogastricfeeding Weeksofpostnatallife
41628

Jejunalfeeding12.2+4.011.4+3.411.4+3.613.1+3.511.8+3.1 (n=?7)(n=12)(n=9)(n=7)(n=3)
Transferredto• gastricfeeding12.4+3.013.6+3.814.8+3.314.9+3.313.7+4.1 fromjejunal(n=4)(n=10)(n=12)(n=14)(n=l8) feeding
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significant increase in weight velocity and an approximation of the

mean weight velocity curve to that of the infants fed gastrically

from birth (Fig. 4:11)»

The difference in weight velocity between the two subdivisions

of the jejunal group could however be explained by the fact that the

more mature infants at birth are more .likely to reach 1.5 kg sooner,

then graduate to gastric feeding, and therefore contribute dis¬

proportionately to the weight velocity curve for the group of infants

transferred to gastric feeding. The infants still being jejunally fed

during weeks 4-8 were therefore compared with infants in the gastric

group of similar gestational age at birth (Table 4s22). In the gastric

group of similar gestational age at birth (Table 4:22) and the significance

of the difference in weight velocities assessed using Students' t test.

The jejunally fed infants had a significantly lower mean weight velocity

at weeks 5 and 6. The shape of the weight velocity curve in Fig 4:10

can now be interpreted as a slower weight velocity during jejunal

feeding, the curve for the jejunal group approximating to that of the

gastric group as progressively moreinfants were changed from jejunal to

gastric feeding.

The reduction in weight velocity in infants^ being jejunally fed
correlated with the significantly smaller body weight and a statistically

insignificant reduction in OFG at EDI) compared with infants fed gastrically

from birth, (Tables 4:11 and. 4:14). Between EDD and EDD + 3 months the

infants in the jejunal group had significantly faster weight growth

(weight velocity 7*69 ± 1-57 g/kg/day n = 16) than the infants fed

gastrically from birth (6.49 + 1*59 g/kg/day n = 13, p <0.05) and

significantly faster OFC growth (Table 4:23» p<0.0l). Following this

growth spurt the difference in growth parameters between infants in the

jejunal and gastric groups disappeared.



Table4:22 Weightvelocity(g/kg/day+1SD)byweeksofpostnatalageinAGAinfantsof1-1.5kgatbirth;during .jejunalfeedingandininfantsofcomparablegestationalageatbirthfedgastrically Feeding Regimen

Weeks

ofpostnatallife
4

6

•2

8

Number

NJ NG

17 11

12 11

9 9

'7
7

3 3

Gestationalage (weeks) mean(+1SI>)

NJ NG

29.3+1.1 29.6+1.0

29.0+1.1 29.2+1.0

28.8+1.2 29.2+0.8

29.0+1.1 29.1+0.9

28.6+1.5 29.0+1.0

Weightvelocity g/kg/day mean(+1SD)

NJ NG

12.2+4.0 14.1+2.5

11.4+3.4* 15.3+4.3*

11.4+3.6+ 15.8+3.5+

13.1+3.5 15.8+3.9

11.8+3.1 14.2+2.5

*Students'ttestp=<0.05 +Students*ttestp=<0.02



Table4:23
Occipitofrontalcircumferencevelocity(cn/week±iSJ)from34weeksgestationtoEDD+1year MeanOFCvelocity(cm/week—1SD)

WeightGroup
Feeding Regimen

34weeks+toEDD
EDDto-

EDD+3months
EDD+3months

toEDD+6months
EDD+6months toEDD+1year

1000gorless
NJ

NG

0.73+0.19(n«=9) 0.89+0.15(n=2)
0.63+0.10(n=7) 0.59+0.18(n=2)
0.25+0.05(n=7) 0.27+0.04(n-2)
0.13+0.02
(n-7)

1-1.5kgAGA

NJ NG

0.85+0.07(n-21) 0.92+0.13(n-14)
0.55+0.08*(n=17) 0.47+0.06*(n-13)
0.29+0.04(n=15) 0.27+0.04(n=12)
0.10+0.03 0.11+0.03
(n=9) (n=2)

1-1.5kgSGA

NJ NG

0.83+0.14(n-5) 0.81+0.23(n=4)
0.61+0.14(n=4) 0.58+0.09(n=3)
0.29+0.08(n=4) 0.28+0.01(n=3),
0.14+0.03 0.13+0.02
(n«=2) (n=2)

+36weekstoEDDin1-1.5kgSGAinfants
*Students'ttestp=<0.01

vo



Comment; This study indicates that nasojejunal feeding may be a

relatively safe procedure in the LBV? using the commercially available

silicone rubber transpyloric tube but has not been demonstrated to have

any advantages over intermittent gastric feeding in infants of lower

than 1 kg at birth. Growth rates were slower during jejunal feeding

than gastric feeding but catch up growth occurred in the jejunal group

after transfer to gastric feeding so that by EDD + 3 months there remained

no significant difference in the somatic growth of infants fed jejunally

or gastrically -in the neonatal period. The considerable saving of

nursing time afforded by continuous jejunal over intermittent gastric

feeding may be of considerable practical importance when nursing staffing

resources are at a premium.



Chapter 5

Metabolic Responses in Preterm Infants

to Transpyloric and Nasogastric Feeding

by Continuous Milk Infusion
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Introduction:

The delivery of milk into the duodenum or upper jejunum instead

of into the stomach might be expected to affect its digestion. This

hypothesis is supported by the finding of Roy et al (1976) that

jejunally fed infants had impaired fat absorption compared with infants

fed intermittently by the gastric route. The stomach and duodenum are

sites of initiation of several as yet poorly understood entero-endocrine

reflexes which are switched on following the first feed of milk in

normal term infants (Aynsle.y-Green et al 1977)* The same workers could

not find a similar pattern of events occurring in the preterm infant

fed gastrically either with boluses or milk or by continuous milk

infusion (Lucas_et al 1978). Gastro-intestinal hormones are known to

influence the release of insulin and glucagon from the endocrine

pancreas (Dupre _et al 1973y Rabinovitch and Dupre 1974, Turner §t al

1974) and the delivery of milk into the distal duodenum or upper

jejunum might also therefore affect the metabolic profile of the infant.

While some authors have claimed more rapid growth with transpyloric

than with gastric feeding (Wells and Zachmann 1974» Van Caillie and

Powell 1975, Wolfsdorf et al 1975» Uauy 1975) this has not been

confirmed by more recent studies (Roy et. al 1976, Drew_et al_ 1979 and the

study in the preceding chapter). We therefore decided to study the

metabolic and endocrine responses to milk delivered into the stomach

or into the distal duodenum or upper jejunum by continuous infusion.
I

We also wished to delineate the normal range and stability of hormone

and metabolite measurements in infants fed continuously by the enteral

route as a yardstick against which to compare measurements in infants

fed parenterally. The clinical part of the study was carried out jointly

by Professor' I. Minoli and Dr. G. Moro, Unita Neonatale di Terapia
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Intensiva, Instituto Ospedaliero Provinciale per la Maternita, Milan,

Italy, and the author at the Special Care Baby Unit, Jessop Hospital

for Women, Sheffield and measurements carried out at the University

Department of Paediatrics, Sheffield by the author Dr. I. Rubecz and

Professor R. D. G. Milner.

Patients and Methods:

The clinical details of the 20 babies are presented in Table 5*1»

All were preterm and two were SGA also. They were fed transpylorically

with expressed breast milk or humanized milk formula (Humana 0 or Cow and

Gate Premium) for between 11 and 69 days depending on their birth weight

and clinical progress. During the first days and weeks of life a

variety of clinical problems were encountered: e.g. sepsis, respiratory

distress syndrome, jaundice and haemorrhagic conditions, but at the

time of study all were clinically well and gaining weight. At the

time of the study the infants were receiving a continuous infusion of

humanized milk formula from a syringe pump at the rate of 180-200 ml/kg

per 24 hours.

On the last day of transpyloric feeding heel prick blood samples

were collected at 1000, 1100, 1200, 1300 and 1400 hours. After the

last blood sample had been withdrawn, the transpyloric tube was pulled

back into the stomach and feeding continued as before by continuous

infusion. The decision to change from transpyloric to nasogastric

feeding was based on body weight and clinical wellbeing; in those

infants without other problems the change being made at a body weight

of approximately 1.5 kg (Table 5s 1) • On. "the next day, further blood

samples were collected at the same times. It was not possible to

collect all -specimens from each patient. In 10 infants one blood

sample was collected on the last day of transpyloric feeding between
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-1100 and 1300 hours, a second sample at the same time on the next day

and a third sample at the same time on the fifth day of nasogastric

feeding.

The weight velocity (g/kg per day) was calculated for the last

week of transpyloric feeding and the first week of nasogastric feeding.

During this fortnight the caloric intake of each infant remained stable

and the average (cal/kg per day) was calculated.

Informed parental consent was obtained in each case.

Measurements of insulin, glucagon (total and pancreatic) and

metabolites were carried out as detailed in Chapter 2. Comparison of

mean values of metabolites and hormones between groups of infants or

at different sampling times were made by analysis of variance.

Results:

At the time of the study the infants varied between 2 and 10 weeks

postnatal age and 33-40 weeks gestational age (Table 5*1)• 411 were

below mean weight for gestational age, were receiving a mean (+ 1SD)

caloric intake of 127 + 9 cal/kg per day and were gaining weight. The

mean (+ 1SD) rate of weight gain during the last week of transpyloric

feeding was 17*3 + 9»5 e/kg per day which did not differ significantly

from that during the first week of continuous gastric feeding: 16.3 +

10.1 g/kg per day.

Blood metabolite and plasma hormone levels were measured at hourly

intervals to determine their stability. Since all the infants were fed

continuously there was no a priori reason to expect fluctuations greater

than those expected by the limits of the assay techniques. The variation

of individual measurements in one infant on one day can be expressed

as the coefficient of variation (standard deviation x 100 mean) and



Table5:1Clinicaldetailsoftheinfants Sex

Gestation (weeks)

Birthweight (l\T
Atthe
endoftranspyloricfeeding
Rateofweightgain(g/kg/day)

(kg)

Age (days)

Weight (kg)

Averagecaloric intake (kcal/kg/day)

Lastweekof transpyloricfeeding
Firstweekof nasogastricfeeding

P

26

0.80

69

1.50

116

9.4

12.3

F

26

0.85

50

1.54

127

22.3'

10.6

M

27

0.98

65

1.50

115

6.7'

3.6

M

28

o

o

.

38

1.54

136

15.7

18.8

P

29

1.15

49

1.74

131

18.4

22.5

P

29

1.16

36

1.68

129

20.0

19.4

P

30

1.28

39

1.64

119

17.5

14.5

M

30

1.30

45

2.50

135

42.8

37.1

M

30

1.40

20

1.47

135

4.3

24.3

P

31

1.10

45

1.93

121

19.4

13.2

F

31

1.40

44

2.38

138

22.8

14.3

P

31

1.54

30

1.86

121

15.7

10.1

M

31

1.73

25

1.94

119

14.1

17.3

P

32

1.35

31

1.67

141

,25.7

xI

34.3

M

32

1.70

60

2.28

143

8.6

4.2

P

33

1.48

24

1.90

126

11.8

12.1

M

34

1.76

11

1.60

119

10.0

6.2

F

35

1.61

15

1.87

118

14.4

10.9

P

35

1.80

11

1.90

120

10.0

17.1

P

36

1.60

23

2.06

136

35.7

31.4



the mean coefficient of variation for the metabolites and hormones are

given in Table 5:2. The results fall into two groups: glucose,

alanine and total and pancreatic glucagon are relatively stable, having

coefficients of variation of less than 20^ and the remaining metabolites

are more variable having coefficients of variation between 25 and 43^.

The mean values for metabolite and hormone concentration showed no

trend with time throughout one day and rib significant difference between

the transpyloric and nasogastric routes of feeding (Table 5:3). Median

and range of all observations made in all infants during transpyloric or

nasogastric feeding are given in Table 5:4*

It is noteworthy that although the infants were growing and therefore

anabolic, the plasma insulin levels were low and the plasma glucagon

levels high during both transpyloric and nasogastric feeding.

When the spontaneous metabolite and hormone fluctuations had been

defined subsequent infants were bled once on day 5 "t° see if the metabolic
t

and hormonal profile obtained at the time of changeover from transpyloric

to nasogastric feeding was maintained. For the purposes of comparison

the mean of mutliple measurements on one day or the single measurement was

used. Blood glucose alanine plasma insulin and pancreatic glucagon levels

were similar at all three times of study (Table lp:5)» The apparent

upward trend in the insulin/glucagon ratio was not statistically

significant. No significant correlation was observed between the rate of

weight gain and any of the metabolite or hormone levels measured.



Table 5s2 Mean (+ SD) coefficient of variation (%) of blood

metabolites and plasma hormones measured 5 times on the same

Glucose 12 ± 5 (12)

Pyruvate
"

33 + 16 (12)

Lactate 27 ± 12 (12)

Glycerol 29 + 16 ( 8)

Acetoacetate +1OJ 11 (12)

Hydroxybutyrat e 43 + 20 (12)

Alanine 17 ± 7 (11)

Insulin ' OJ o 1+ 22 (13)

Total glucagon 9 ± 8 ( 4)

Pancreatic glucagon 12 + 6 ( 4)

Number of observations shown in parentheses



Table5:3Bloodmetaboliteandplasmahormoneconcentrations(Mean+1SEM)duringtranspyloric(TP)and nasogastric(NG)feeding
1000

1100

Glucose

TP

4.57

+0.53
(9)

5.28

+0.47

"(mM/1)

NG

5-14

+0.41
(9)

6.13

+0.51

Pyruvate ./.\

TP

71

±8

(9)

66

+14

(UM/1)

NG

88

+12

(9)

68

+19

Laotate

TP

1.36

+0.20
(9)

1.51

+0.19

(mM/1)

NG

I.07

+0.14
(9)

1.44

+0.16

Glycerol

TP

98

+26

(9)

136

+20

(UM/I)

NG

96

ctn

co

i
+l

(8)

155

+8

Ilydroxybutyrate (hm/1)

679

+319

(9)

656

+276

168

±74

(9)

342

+108

Acetoacetate

TP

73

+21

(9)

95

+29

(IIM-/1)

NG

60

+10

(9)

86

+23

Alanine

TP

286

±82

(9)

312

+41

(HM/1)

NG

248

±28

(9)

310

+22

Insulin

TP

10.0

±1*5

(10)

5.9

+1.6

(pU/ml)

NG

8.0

+2.4

(10)

5.4

+1.8

Pancreaticglucagon
TP

371

+29

(6)

346

±53

(pg/ml)

NG

516

+118

(5)

642

+172

Time(hours)
1200

1300

1400

(6)

4.92

+0.63
(9)

5-48+0.75
(6)

4.83

+0.51
(9)

(6)

5-32

+0.71
(9)

6.01+0.66
(6)

5.23

+0.74
(9)

(6)

54

+12

(9)

57+12

(6)

57

+10

(9)

(6)

94

+24

(B)

93+43

(6)

93

+27

(9)

(6)

1.33

+0.24
(9)

1.66+0.33
(6)

1.41

+0.26
(9)

(6)

1.18

+0.13
(9)

1.31+O.15
(6)

1.11

+0.14
(9)

(6)

149

+40

(8)

181+42

(4)

117

+42

(8)

(6)

167

+38

(9)

177+32
(6)

141

+40

(8)

(6)

381

+100

(9)

477+95-
(6)

434

+146

(9)

(6)

270

+79

(9)

264+109
(6)

446

+121

(9)

(6)

78

+20

(9)

103+22
(6)

78

+19

(9)

(6)

83

+17

(9)

95+21

(6)

80

+19

(9)

(6)

264

+38

(9)

346+44

(6)

226

+23

(9)

(6)

289

+29

(9)

298+21
(6)

267

+27

(9)

(7)

9.7

+2.4

(9)

11.7+2.9
(7)

10.0

±2'1

(10)

(7)

7.9

+1.7(10)
9.9+3.3
(7)

9.8

+2.5

(10)

(4)

484

+98

(4)

373+78

(3)

346

+31

(4)

0)

530

+79

(5)

575±156

(4)

490

+98

(5)



Table 3?4

Blood metabolite and plasma insulin levels (median and range) between

1000 and 1400 hours in infants fed by continuous infusion of milk via

the transpyloric (TP) and nasogastric (NG) routes.

Parameter Route Median Range n

Glucose TP 5.2 1.9-8.2 39
NG 5.5 2.1-8.9 39

Lactate TP 1.29 0.42-2.78 39
(mM) NG 1.19 0.55-2.21 39

Pyruvate TP 65 0-109 39
(mm) NG 65 16-305 38

Alanine TP 272 95-536 39
(mm) NG 278 118-367 39

Glycerol TP 121 0-334 35
(mm) NG 149 10-358 38

3—Hydroxybutyrat e TP 317 61-2516 39
(mm) NG 206 51-829 39

Acetoacetate TP 75 8-219 39
(mm) NG 69 15-193 39

Insulin TP 8 3-25 43
(MU/ml) NG 6 3-26 44
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Table 3?5

Mean concentrations of selected hormones and metabolites on the last

day of transpyloric feeding and the first and fifth days of nasogastric

feeding.

Transpyloric
last day

- Nasogastric
first day

Nasogastric
fifth day

Glucose (ulty'l) . 4.6? + 0.33 (17) 4.67 + 0.41 (17) 3.70 + 0.34 (10)
Alanine (pM/l) 358 + 28 (18) 371 ± 25 (18) 323 + 22 (10)
Insulin (|iU/ml) 11 + 1 (17) 13 + 2 (17) 15+2 (10)
Pancreatic glucagon

(pg/ml) 295 + 26 (16) 348 + 53 (15) 255 +42 (10)

Insulin/glucagon
ratio (molar) 1.12 + 0.22 (14) 1.34 + 0.28 (14) 1.59 + 0.22 (10)

Results are presented as mean + SEM with number of observations in

parentheses.



Comment:

In the results obtained in this study therefore no differenoe in

metabolio and hormonal profile was found between transpyloric and gastric

feeding, the range of metabolite values was defined, and the low insulin

to glucagon ratio in infants who were growing rapidly noted.



Chapter 6

Clinical and Metabolic Consequences of

Two Alternative Regimens of Total Parenteral

Nutrition in Infants with Severe Gastrointestinal Disorders
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Introduction

In recent years total parenteral nutrition (TFN) has become an

important adjunct to the management of infants with serious but

potentially recoverable gastrointestinal lesions. The provision of

TFN to such infants is now a major clinical responsibility in centres

specialising in neonatal surgery. Our ability to provide appropriate

parenteral nutrition satisfying the nutritional requirements of the

growing newborn is hampered by imperfect knowledge of the most suitable

infusate composition and means of administration.

The neonatal surgical unit, Ward 1, Children's Hospital^ Sheffield

functions as a major supra-regional referral centre for surgical problems

in the newborn specialising in the treatment of neural tube defects

(Professor R. B. Zachary) and gastrointestinal problems (Mr. L. Spitz).

In 1976 and early 1977 TFN was being provided in the neonatal

surgical unit following a modification of the method of Harries (1971)

in which the total daily allocation of each nutrient, Vamin/glucose
+ intralipid, 10^ glucose, and 0.18^ saline/4.3fo glucose were given in

turn to make up a 24 hour cycle. The clinical impression of the paediatric

surgeons was that infants given this regimen did not grow well and several

developed cholestatic jaundice. This dissatisfaction lead to the setting

up of the following study by the author in conjunction with the paediatric

surgeons and Professor R. D. G. Milner.
I

The aim of the study was to determine prospectively the clinical

and metabolic consequences of the sequential intermittent regimen for

TPN in use before the study started and to compare this with a TFN

regimen where exactly the same dosages of the same nutrients were given

as a continuous infusion throughout 24 hours. It was our deliberate
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intention to provide a parenteral nutrition service for our infants

with surgical problems under the daily supervision and management of a

paediatrician/neonatologist (the author) and it was hoped that the

results of the study would provide data on which to base a rational

alteration of the TPN regimen in routine clinical use in the neonatal

surgical unit.

Patients and Methods

Patient selection: All infants entering the study were patients in the

neonatal surgical unit, Ward 1, Children's Hospital Sheffield suffering

from a wide range of abdominal conditions of sufficient severity for

them to be under the direct care of a paediatric surgeon. All did not

require operations, however. Infants who were more than 30 days postnatal

age when they required TPN, or who could tolerate any enteral feeding,

or who were anticipated to require only short term TPN were not recruited

to the study. No lower gestational age limit was applied in patient

selection.

Infants requiring TPN between September 1977 a-n(l Judy 1978 were

given the intermittent regimen (IR; see below), while those recruited

to the study between August 1978 and July 1979 were given the continuous

regimen (CR). Although it was initially intended to randomise

allocation of patients and to carry out a 'cross over* from one regimen

to the other at the end of 1 week full dosage TPN, this proved administrative

ly impossible because of the»author*s other clinical and teaching

commitments and a shortage of infusion pumps. The wide range and severity

of gastrointestinal problems in such infants makes the recruitment of

comparable groups of patients difficult. Informed parental consent was

obtained from the parents of each infant.



Infusate comix?sit ion: Infants received the same aminoacid, fat,

glucose, electrolyte, calorie, and water intake with either regimen

following a schedule of increasing dosage of the principal nutrients

reaching full dosage by 5 days (Table 6:1). In addition to Vamin/

glucose* (glucose + crystalline aminoacids) 20/ Intralipid* (fat

emulsion) and glucose infants received supplementation with Pedel*

(electrolytes and trace metal), Solivito* (water soluble vitamins),

Vitlipid Infants* (fat soluble vitamins) and sodium chloride and

potassium phosphate. Heparin 150 u/kg/day was included to enhance

the activity of the heparin sensitive lipoprotein lipase (Michajlik

and Brandon (i960)). Before Pedel, Vitlipid Infant and Solivito

became available in December 1977 the vitamin and electrolyte supple¬

ment described by Harries (1971) were used. Details of the exact

composition infused at full dosage is given in the appendix.

Intermittent regimen: Infants receiving the intermittent regimen

received their total dose of Vamin/glucose and 20/ Intralipid together

followed by the 10/ glucose dose, followed on days 1-4 by 0.18/

saline/4.3/ glucose. The details of this scheme are given in Fig. 6:1.

It is noteworthy that the infusion rates far each nutrient did not alter

on different days but the duration of each infusion did. Hence the

Vamin/glucose/intralipid infusion lasted 3 hour§ on day 1, 7 hours on

days 2-4, and 10 hours on day 5 at seq. Blood samples for metabolic

monitoring were taken on days 1, 4, 6-8, 12-14 and 18—21 at the times

indicated in Fig. 6:1 to coincide with the end of each infusion (viz:

Day 1, x 0, 3, 7 and 24 hours; Day 4, x 0, 7, 14 and 24 hours; Day

5 et seq., x 0, 10 and 24 hours)T

Continuous Regimen: Infants receiving the continuous regimen (CR) were

given Vamin/glucose, 20/. Intralipid, 10/ glucose and 0.18/ Saline/4.3/

* obtained from: KabiVitrum, Ealing, W5 2TH.



Table6:1
Composition(perkg/dar)ofinfusatereceivedbyinfantsonthecontinuousorintermittentregimen Vamin*/ Glucose (ml)

20$* Intralipid (ml)
10$x Glucose (ml)

0.18$Saline 4.3$Glucose (ml)
Fluid(ml)

Total

Calories

Protein(g)
Fat(g)

1

12

6

24

102

150

4S

0.72

1.2

2-4

25

12

50

57

150

70

1.50

2.4

5etseq.

40

24

80

0

150

104

2.40

4.8

*plus4ml/kg/dayPedel +plus4ml/dayVitlipidInfant xplusSolivito0.5ml/kg/day,DipotassiumHydrogenPhosphate1mmole/kg/dayHeparin150units/kg/day,30$Salineasrequired.
:

(Adetailedanalysisoftheinfusatecompositionisgivenintheappendix) (VaminGlucose,Intralipid,Pedel,VitlipidInfant,Solivitoaremarketed byKabiVitrumLtd.,Ealing,W52TH.)
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Fig. 6:1 Intermittent infusion regimen,

sequential infusion scheme and sampling
times. Time 0 = 10.00 a.m.



glucose (on days 1-4) infused at a constant rate throughout 24 hours.

This was done using a Travenol Paediatric TFN administration set

(Travenol Laboratories, Thetford) as described by Shaw (1973)• The

prescribed volume of each of the nutrient fluids was mixed in the

burette of the giving set and the infusion rate controlled with an

IVAC 531 peristaltic pump (IVAC U.K. Harrow). 2C$ Intralipid was

administered as a continuous infusion using a syringe pump (Vickers

Treonic IP3, Vickers Medical, Basingstoke). Blood samples were taken

for metabolic monitoring at the same times on the same days as infants

on the IR to permit direct comparisons between the two regimens but the

times of sampling did not coinicide with any alteration in the infusion

on the CR, as they did on the IR. In contrast to the IR, the rates of

infusion of individual nutrients were increased from day 1—5 when full

dosage was reached.

Administration: The patients were all assessed for recruitment to the

study by the author. TPN was delayed until acidosis electrolyte

disturbances, hypoglycaemia and early—rise indirect hyperbilirubinaemia

had been treated, and a period of at least 48 hours was permitted to

elapse post-operatively before TPN waB commenced. Once enrolled in the

study the infants were seen by the author at least once a day while

receiving TPN and at least twice per week when deceiving parenteral

nutrition supplements, once enteral feeding has been reintroduced.

The composition of the parenteral infusate was prescribed by the author
%

daily, compensation for gastrointestinal losses being made with an equal
jf mm

volume of 10fc glucose containing additional Na K and CI . When infants

had very large persistent gastrointestinal losses (over 100 ml/day in

some infants) the electrolyte content was measured and appropriate

electrolyte' and Pedel supplements given. 10.00 a.m. was designated time

0, the time of commencement of the TFN for that day.



The intravenous infusions were all given via peripheral vein,

and although the intention was to electively resite the cannula every

2—3 days this proved impossible in some infants and infusion—site

abscesses resulted.

Routine measurements of urea and electrolytes and capillary blood

gases were carried out daily in the first week of TPN and less
| |

frequently thereafter. Haemoglobin, neutrophil count, platelets, Ca
| j

and Mg were measured twice weekly and bilirubin weekly. If the

bilirubin level was elevated, glutamate oxaloacetate transaminase (GOT)

glutamate pyruvate transaminase (GPT), alkaline phosphatase and the

proportions of conjugated and unconjugated bilirubin were measured.

Daily dextrostix and urine sugar measurements were carried out by

the nursing staff and the infants were weighed whenever the infusion

was resited.

In a small number of infants blood aminoacid levels were also

measured at Time 0 on day 7» 12 and 18.

In infants suspected of having systemic infection, blood culture,

lumbar puncture, urine culture, wound and surface swabs, chest x-ray,

neutrophil count and swabs from the infusion site were taken, and the

antibiotic treatment altered as necessary.

Infants were deemed to be receiving supplementary parenteral

nutrition (SEN) when they tolerated any milk via the gastrointestinal

tract and no further metabolite or aminoacid samples taken. SPN was

discontinued when the infants tolerated a satisfactory calorie intake

(>100 cal/kg/day) via the enteral route.

Infant's were followed up in the out—patient clinic, their weight

recorded and their liver function tests carried out if these had been

abnormal previously.
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Results:

Patients: 9 infants were recruited to the IR (*IR group') and 7 "to the

CR ('CR group'). The birth weight and gestational age characteristics

and primary diagnoses responsible for the need for TFN in these infants

are given in Table 6:2 and 6:3. The groups were similar in mean birth

wei^it and gestational age, but had different sex distributions. All the

patients in the CR group had NEC whereas the IR group included patients with

a wider range of conditions. The two groups were similar in postnatal

age at onset of TFN, duration of SFN, and number and type of operations,

(Tables 6:4 and 6:5). One patient in each group died of complications

related to the primary diagnosis, but both had required prolonged parenteral

nutrition and had gross disturbances of liver function. One further

infant in the IR group had a cot death at 7i? months of age at home. The

mean duration of TPN was longer in the IR group. None of the apparent

differences however between the patients in the IR and CR groups in

parameters given in Tables 6:2 to 6:5 3X6 statistically significant.

Growth: Weight growth during TPN and during the first year of life is

given for the IR group in Table 6:6 and for the CR group in Table 6:7.

Despite the clinical impression before the study that infants grew poorly

when receiving the IR, under the conditions of close clinical nutriitonal
v.

supervision operating during the study satisfactory weight velocities were

achieved in all infants receiving the IR. There was no significant

difference in mean weight veloqity between the IR group and the CR group

(8.9 + 3.5 and 9.3 + 5»1 g/kg/day respectively p >0.1). When the

individual weight velocities for both groups were plotted against corrected

gestational age of the appropriate infant at the midpoint of the TFN

period (Fig 6:2) a straight line correlation between weight velocity and

corrected gestational age was obtained. The linear regression relating
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Table 6:2

Infants receiving parenteral nutrition by the
regimen (IR group)

intermittent

Name Sex Gestational
Age (Wks)

Birth
Wt. (Kg) Diagnosis

AB F 38
'

. 2.20 NEC

NK M 34 1.90 NEC

MB M
. 39 3.14 Ruptured Exoraphalos

CW M 40 3-38 Exomphalos Major

m M 38 3.95 NEC

JW F 38 2.50 Ruptured Exomphalos

RM H 38 2.56 Meconium Peritonitis,
Cystic Fibrosis

TS M 40 2.70 NEC, Peritonitis

SB M 36 2.12 NEC

Total/ 9 7M:2F 37.9 2.72
Mean

v.

%



Table 6:3

Infants receiving parenteral nutrition by the continuous

Name Sex
Gestational
Age (Wks)

Birth
Wt. (Kg) Diagnosis

JK M 30 1.36 NEC

CLW P 40
'

- 3.28 NEC, Periton i1

RC M 36 3.0 NEC, Eh. iso-
immunisation

EG P 39 3.6 NEC

PO P 40 3.49 NEC

KC M 40 3.03 NEC

CW P 40 2.80 NEC

Total/
Mean 7 3M:4F 37.9 2.94



Table6:4

Durationcfparenteralnutrition,operationsandoutcomeofinfantsintheIRgroup
Name AB

NK

MB VW
DH

JW

PostnatalAgeatDurationofDurationof StartofTPN(days)TPN(days)SPN(days)
Operations

RM TS SB Mean

8 9 3 9
7 2

16

7.3

12 12 21 18 18 47

,38
18 15

22.1

13None 14None 7Closureofexomphalos
12Closureofexomphaloswith silasticsheet

21Resectionofcolonicstricture 20i)Closureofexomphalos ii)Laparotomyforadhesions andmalrotation
13Laparotomyx3forintestinal obstructionandabdominal sepsis

69Laparotomyx2forperiton¬ itisandintestinal obstruction
0Resectionofcolonic stricture

Outcome Survived Survived.Wt.at EDD2.39kg. Survived Survived Survived Survived Died54daysof septicaemiaandintra¬ abdominalsepsis Prolongedileus,cot deathathomeat7i monthsofage Survived

18.8

ro



Table6:5

Durationofparenteralnutrition,operations
andoutcomeofinfantsin
theCRgroup

Name

PostnatalAgeat StartofTFN(daygl
Durationof TPN(days)
Durationof SFN(days)

Operations

Outcome

JK

10

16

15

RightHemicolectomy

Survived,Mild Hemiplegia,wt.atEDD 2.42kg.

aw

8

10

14

SubtotalColectomy

Survived

RC

11

11

7

None

Survived

EG

5

20

15

None

Survived

FO

11

16

62

i)

ii)

Excisiongangrenous smallbowel Abdominalresuturing afterwounddehiscence
Diedat88daysofintra¬ abdominalsepsis

KC

7

25

r

14

i)

ii)

Subtotalcolectomy ClosureofIleostomy
Survived

CW

9

27

0

None

Survived

8,7

17.9

18.1

IV) 4*



Table6:6

GrowthduringTPNandatfollowupofinfantsintheIRgroup
Weightgain ^̂Bodyweight(kg)atEDD+

NameduringTPN(g) AB190 NK330 MB420
CW320 DH770

JW360 RM300+ TS380 SB390

Velocity(g/kg/day)
3months

-6months

9months

1year

6.8

3.2

5.4

.6.5

7.7

15.7

5.9

8.6

10.6

-

6.5

4.8

7.8

9.0

9.6

5-3

4.1

5.5

6.9

8.0

10.9

4.9

7.3

9.7

10.8

5.8*

3.2

4.2

6.8

8.1

8.7+

-

-

-

-

8.1

2.8

3.6

-

-

12.4

4-7

8.4

9.4

10.2

mean=8.9+3.5(SD)
*Didnotgainweightforthefirst3weeksduetointraabdominalsepsis.Thisvalueis calculatedfromthestartofweightgaintotheendofTPN.

+Calculatedforthefirst15daysofTPN,thenintraabdominalsepsissupervenedandthere wasnofurthergrowthtilldeath.
I

rv> vji



Table6:7

GrowthduringTPNandatfollowupofinfantsintheCRgroup
WeightgainWeightBodyweight(kg)atEDD+

NameduringTFN(g)Velocity(g/kg/day)3months6months9months1year JK.42018.85.57.4' 9.0 CLW2207.75.27.1-8.4■9.4 RC46013.96.3-- EG4606.35.27.8 P0260L.7----
KC5006.33.87.9 CW5407.13.55.76.9 mean=9»3+5*1(SD)'



32 34 36 38 40 42

Corrected gestational age (GA at birth + postnatal age),
weeks

Continuous regimen •

Intermittent regimen X

v.

Fig. 6:2 Weight velocity by corrected gestational age at the
midpoint of the period of total parenteral nutrition.
The solid line denotes the linear regression of weight
velocity on corrected gestational age:

Weight velocity = -1.149 x corrected GA + 55.66
(p = <0.001 r = 0.819)
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weight velocity and. corrected gestational age is:

weight velocity = 1.149 x corrected gestational age + 55*66

(r = 0.819, P = <0.001)
✓

From EDD + 3 months to EDD + 1 year the infants grew rapidly and

did not differ significantly from the normal population at EDD + 9 months

and EDD + 1 year. There were no significant differences in weight index

between the two groups at any age (Table 6:8). All surviving infants were

considered clinically to be developmentally normal for age at follow—up.

TPN — related complications: Several of the infants developed hyper-

bilirubinaemia (total bilirubin >30 UM) following two weeks or more of

parenteral nutrition ('late—rise hyperbilirubinaemia'); a situation

which was different from 'early—rise hyperbilirubinaemia* caused by conditions

such as * physiological jaundice* or rhesus isoimmunisation. In all

infants described as having late-rise hyperbilirubinaemia, a normal bili¬

rubin level had previously been demonstrated, and physiological jaundice

completely resolved.

Late—rise hyperbilirubinaemia occurred in 8 of the 9 infants who

received the IR (895<fc, Table 6:9). In 7 of the $ infants in the IR group

(78$) the increase in bilirubin level was associated with GOT and GPT

levels of more than 50 units/litre and more than 35 units/litre

respectively on at least one measurement. Four of the 7 infants in the CR

group (57^) had late—rise hyperbilirubinaemia, three of whom (43/^) had
I

elevations of GOT and GPT. The relationship of peak late-rise bilirubin

level to duration of total and supplementary parenteral nutrition is shown

in Fig. 6:3.

The incidences of late rise hyperbilirubinaemia and GOT and GPT elevations

are not statistically significant between the IR group and the CR group



Table6:8
Mean(-1SD)weightindicesforparenterall.yfedinfantefromEDI)+3monthstoEDD+1year WeightindexatEDD+

Regimen3months6months9months1.year IR0.39+0.370.70+0.450.93+0.370.77+0.28 (n=8)(n=8)(n=7)(n=6)
CR0.69+0.440.91+0.270.84+0.200.95 (n=6)(n=5)(n«3)(n=l)

Note:NoneofthedifferenceswithinagegroupingsbetweentheIRgroupand theCRgrouparesignificant.

ro VO



Table 6:9

TPN related complications in infants receiving parenteral nutrition

Max. measured ., ,

Regimen Name late-rise total 6 scess
bilirubin (MM) + septicaemia

IR AB 189*+ -

IR .
. NK 124 —

IR MB 167* -

IR CW 26 -

IR DH 104* Once

IR . JW 350* -

IR RM 350* Once

IR TS 123* -

IR SB 95* -

CR JK 15 —

OR CLW 18 -

CR RC 18 -

CR EG 32 Once

CR FO 305* Once
v

CR KC 173*

CR CW
. 106* Twice

* Accompanied by GOT >50 and GFT >35 on at least
one measurement

+ GOT and GFT still above the upper limit of normal at
8 months of age, Adenosine deaminase (an index of
hepatic fibrosis) slightly raised at 4 months
(38 u/l)
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400

300 -

200 -

100 -

100

Duration of total and supplementary parenteral nutrition,
days

Continuous regimen •

Intermittent regimen X

Fig. 6:3 Maximum total bilirubin level by duration of
total and supplementary parenteral nutrition
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(Fishers exact probability test p = O.384 and. p= 0.362 respectively).

Infusion site sepsis was responsible for bacteraemia with the same

organism as that cultured from the infusion site on two occasions in the

patients of the IR group and on 4 occasions in the patients of the CR

group (Table 6:9). This difference was not statistically significant but

it is noteworthy as the IR infusion system did not include an inline

bacterial filter while the CR system did.

The two infants who died while still in hospital (RM from the IR

group; P0 from the CR group) had bile plugs in the liver canaliculi,

an increase in hepatic collagen, some fatty infiltration of the hepatocytes and
M

pigment deposits in the Kuppfer cells. Disturbance of liver architecture

was of a similar degree in both patients. These findings are similar to

other reports of liver histology in infants receiving prolonged TEN

(Touloukian and Downing (1973)» Touloukian and Seashore (1975)j Koga 6t

al (1975), Zarif et al (1976), Rodgers (1976), Rodgers et al (1976)).

Metabolite measurements: The results of metabolite and insulin measure¬

ments in infants in the two groups with the appropriate sampling times and

numberof measurements obtained in each case are given in Tables 6:10-6:25.

It was not possible to obtain samples from all infants at all sampling

times on all sampling days. Assessment of the statistical significance

of measurements at the same time on the same day in the IR and CR groups

was carried out using non parametric methods (Wilcoxon Rank Sum Test) as

the values were not normally distributed within all sampling times.

The effect of the two regimens on stability of metabolite and insulin

levels was assessed longitudinally on days 6-8 by calculating the mean (+ 1SD)

coefficient of variation for measurements made three times in 24 hours in

each infant, and the results given in Table 6:26. The significance of the



■Table6:10 Glucose(mMlDay1and4 Timeand Infusion Regimen

DayofStudy

0hours
IR

CR

3hours
IR CR

7hours
IR CR

14hours
IR CR

24hours
IR

CR

Day1 Median 3.7 2.7 5.8 3.4 3.7 4.3 5.4 3.3

Range 2.5-5.2 2.2-4.6 3.8-10.0 3.0-4.4 3.1-4.3 1.3-4.7 3.5-5.9 2.6-5.4

n
7 5 5 5 2 5

3 5

Day4 Median 3.7 3.3 4.0 3.7 5.4 3.2 3.8 3.4

Range 1.1-5.6 1.7-5.6 0.7-7.0 3.2—4.4 3.5-11.4 1.7-5.7 2.3-5.3 1.5-5.2

n
7 5

5 5
4

5 5 5



Table6:11 Glucose(mM)Day6-21
Davofstudy

Timeand Infusion Regimen
0hours

IR
CR

10hours
IR CR

24hours
IR CR

Day6-8 Median 4.3 2.6 4.1 3.7 3.2 3.2

Range 1.1-14.9 1.5-4.2 0.9-5.6 2.7-5.3 1.8-4.1 1.3-3.9

n
6 5 5 5 6

5

Day12-14 Median 2.4 3.1 2.6 3.1 2.3 2.6

Range 2.1-2.8 2.4-4.4 2.1-3.4 2.3-5.1 1.7-3.3 2.4-3.6

n 4
3 4

3 5 3

Day18-26 Median 3.7 2.8 3.8 3.2 3.9 2.9

Range 2.9-16.7 2.5-3.1 2.4-4.7 3.1-3.2 3.3-4.7 3.2-2.6

n 3
2 3 2 3 2



Table6:12 Lactate(mjQDay1and.4 Timeand Infusion Regimen
0hours

IR CR

3hours
IR CR

7hours
IR

CR

14hours
IR CR

24hours
IR CR

Dayofstudy Median

Range

n

DaF4 Median

Range

n

1.11 1.44

0.64-2.34 0.85-1.67

7 5

1.19 1.11

0.37-1.56 0.81-1.33

7 5

1.150.85-1.375 1.040.95-2.585 1.401.04-1.762 1.721.19-1.755 0.660.66-1.393 1.401.04-1.675
0.880.74-1.825 1.170.68-1;505 1.57O.95-2.064 O.910.70-1.535 0.880.35-1.595 1.030.57-1.475



Table6:13 Lactate(mM)day6-21
Jayofstudy

Timeand Infusion Regimen
0hours

IR CR

10hours
IR CR

24hours
IR CR

Jay6-8 Median 1.04 1.00 0.79 1.22 O.98 1.11

Range 0.82-1.82 0.57-1.22 0.44-1.48 0.78-1.37 0.72-2.17 0.98-3.39

n
6 5 5 5 6 5

Jay12-14 Median 0.26 1.48 0.55 0.85 0.63 1.48

Range 0.14-1.42 0.65-2.00 0.54-0.89 0.67-1.67 0.14-0.89 0.67-1.58

n 4
3 4

3 5 3

Jay18-21 Median O.69 1.27 O.96 1.03 1.02 0.90

Range 0.68-2.81 0.72-1.66 0.81-1.25 0.59-1.49 0.89-0.90

n
3 2 3 2



Table6:14 Pyruvate(^M)Day1and.4 Tineand Infusion Regimen
0hours

IR CR

3hours
IR CR

7hours
IR CR

14hours
IR CR

24hours
IR CR

Jayofstudy Jay1 Median

Range

n

4

Median

Range

n

32 55

0-139
28-166

7 5

30 53

0-138
40-84

7 5

35 51

o

24

124
75

5 5

42 58

31 34

54 112

2 5

52 63

0

31

134 106,

5 5

38 51

30 40

108
88

4
5

51 62

3-150
35-97

3 5

30 59

0

17

54

112

5 5



Table6:15 Pyruvate(nM)Pay6-21 Timeand Infusion Regimen
0hours

IR CR

Dayofstudy
10hours

IR CR

24hours
IR CR

Day6-8 Median 71 59 46 76 74 71

Range
o-157 42-75 0-168

49-88 0-232
62-102

n
6 5 5 5 6 5

Day12-14 Median 51 64 74 88 49 64

Range
36-65 59-88 22-98 28-100 30-74 40-71

n 4 3 4 3 5 3

Day18-21 Median 31 63 38 66 31 55

Range 0-33
49-76 0-48

38-94 O-52
34-76

n 3 2 3 2 3 2



Table6:16 Alanine(uM)Day1and4 Timeand Infusion Regimen 0hours
IR CR

3hours
IR CR

7hours
IR CR

14hours
IR

CR

24hours
IR CR

Dayofstudy Da,71 MedianRangen 207149-3627 27183-4565
'324228-6315 219202-2685 341816-3652 29682-5085 170165-2203 297156-4195

Day4 MedianRangen 250168-4007 513296-5425 352285-678.5 405304-5425 267212-3944 323274-7525 191102-3535 364311-5935



Table6;17 Alanine(nM)Day6-21 Timeand Infusion Regimen
0hours

IR CR

Dayofstudy

10hours
IR CR

24hours
IR CR

Day6-8 Median 176 364 .342 520 228 542

Range 143-329 311-694 294-437 363-672 138-279 259-636

n
6 5 5 5 6 5

Day12-14 Median 224 475 532 432 155 340

Range 114-324 323-991 284-878 326—463 127-159 323-398

n 4
3

4
3 5 3

Day18-21 Median 235 381 416 386 254 429

Range 207-375 356-407 4OO-365 348^24 198-313 400-458

n
3 2 3 2 3 2



Table6:18 Glycerol(nM)Jay1and4 Timeand Infusion Regimen
0hours

IR CR

Dayofstudy

3hours
IR CR

7hours
IR

CR

14hours
IR CR

24hours
IR CR

Day1 Median 63

112 363
•75 362 100

58

106

Range 0-131 44-119 127-826 18-144 127-597 81-113 56-60 6-138

n 6 5
4

5 2 5 2 5

Ja.Y4 Median 78 75

285
81

111
81 57

129

Range 46-204 59-125 156-397 65-113 72-265 12-169 30-210 81-156

n 6 5 4 5 3

'5

4
5



Table6:19 Glycerol(mm)Pay6-21 Timeand Infusion Regimen
0hours

IR CR

Dayofstudy

10hours
IR CR

24hours
IR CR

Day6-8 Median 67

138 210 '125
67

144

Range 12-104 19-269 17-259 53-300 40-76 71-225

n
5 5 4

5 5 5

Day12-14 Median 90 81

157 144
95

113

Range 69-143 65-100 34-266 125-147 60-167 65-188

n
4

3 4 3
5 3

Day18-21 •Median 98 95

223
89 95

125

Range 79-125 71-119 174-285 53-125 78-108 0-250

n
3 2 3 2 3 2



Table6;20 3-Ilydroxybutyrate(pM)Day1and4 Timeand. Infusion Regimen
0hours

IR CR

3hours
IR CR

7hours
IR CR

14hours
IR

CR

24hours
IR CR

Dayofstudy Day1 Median

Range

n

Da.y4 Median

Range

n

155 169

115-284 71-1268

7 5

142 237

104-682 71-659

7 5

1046 101

170-1785 71-811

5 5

584 142

202-966 115-161

2 5

730 237

362-2383 71-558

5 5

166 169

57-207 71-710

4
5

378 107

104-1108 101-558

3 5

132 237

104-511 169-710

5 5



Table6:21 3—Hydroxybutyrate(UM)Day6-21 Dayofstudy
Regimen

0hours
IR CR

10hours
IR CR

24hours
IR CR

Day6-6 Median 160 248 2084 304 158 237

Range 78-170 68-659 129-2692 237-862 52-199 169-760

11

6 5 5 5 6 5

Day12-14 Median 169 338 734 372 166 338

Range 686-1328 177-1166 0-450 249-1065

n

142-4504 142-7613
4

3 5 3

Day18-21 Median 139 190 317 206 179 209

Range 118-222 178-203 247-405 142-271 118-207 203-213

n
3 2 3 2 3 2



Table6:22 Aoetoacetate(mm)Day1and4 Timeand Infusion Regimen
0hours

IR CR

Dayofstudy

3hours
IR CR

7hours
IR CR

14hours
IR CR

24hours
IR

CR

Day1 Median
0

13 131 13 42

32
53 33

Range 0-38 0-145 0-228 0-83 18-65 O-64 33-119 0-78

n
7 5 5 5

2 5 3 5

Day4 Median 43 21 89 52

0

25

0

29

Range O-69 0-88 29-184 5-67 09 0-119 0-186 O-56

n 7 5
5 5

4
5 5 5



Table6:23 Acetoacetate(pM)Day6-21 •Timeand Infusion Regimen
0hours

IR CR

Dayofstudy
10hours

IR CR

24hours
IR CR

Day6-8 Median
0

33

195
' 33

0

29

Range 0-29 10-78 9-429 0—168 0-10 0-80

n
6 5 5 5 6 5

Day12-14 Median
0

25 38 33

8

25

Range 0-8 0-114 23-124 32-52 0-51 16-78

n 4
3 4

3 5 3

Day18-21 Median 25 65

6

33 11 29

Range 0-26 29-100 0-61 32-33 0-54 25-33

n
3 2 3 2 3 2



Table6:24 Insulin(UU/ml)Day1and4 Timeand Infusion Regimen
0hours

DayofStudy
IR CR

3hours
IR CR

7hours
IR

CR

14hours
IR CR

24hours
IR CR

Da£j_ Median 8 3

40

17 21

5 7 7

Range 4.5-19 3-18 25-84 3-38 8-34 2—41 3-18 2-50

n 7 7
5 7 2 7

3 7

Day4 Median 13 24 32 26 17 25

7

15

•Range 5-18 3.5-29 10-49 3-38 6.5-63 3.5-38 3-16 3-40

n
8 6

5 6 4
6 5 6



Table6:25 Insulin(ull/ml)bay6-21 Timeand Infusion

Dayofstudy Day6-8Day12-14Day18-21
RegimenMedianRangenMedianRangenMedianRangen

0hours
IR13.55.5-21686-26553-183 CR194-4063524-4833634-382

10hours
IR277.5-9.056410-11841812-503 CR'27'3-8063927-4634131-522

24hours
IR163-25683-165110-543 CR198-5463425-38327•13-412



differences between these values was assessed using Students' t test.

Glucose levels were similar in patients receiving the two regimens.

Halving of the glucose infusion rate during the 0.18% saline/4.3% glucose

infusion from 7-24 hours on day 1 and 14 hours to 24 hours on day 4

(Pig. 6:1) was not associated with a significant fall in blood glucose or

in an increase in the incidence of chemical hypoglycaemia.

In the IR group 4 measurements were less than 1.7 mM and 2 less than

1mM in infants in whom hypoglycaemia had not been suspected clinically.

In the CR group there were also 4 measurements of less than 1.7 mM, but

none less than 1 mM. Eight measurements were in excess of 6mM (2 over

14 mM) in the IR group, whereas none of the blood glucose levels exceeded

6 mM in patients receiving the CR.

Although the coefficient of variation was higher for glucose measure¬

ments in the IR group than the CR group, this difference was not

statistically significant (Table 6:26).

Lactate and pyruvate levels (Tables 6:12—6:15) similarly showed no

significant difference between the two regimens and although the coefficient

of variation were higher in each case in the IR group than the CR group, the

difference was not statistically significant (Table 6:26).

Alanine levels (Tables 6:16, 6:17) showed a statistically insignificant

rise during the Vamin/glucose infusion in the IR group (0—3 hours on day 1,
%

0-7 hours on day 4» 0—10 hours on day 5 seq; Pig 6:1, Tables 6:16 and

6:17) and the baseline levels tended to be lower in the IR group than the

CR group but again this difference was not statistically significant.

The mean coefficient of variation of alanine was the smallest of the

metabolites measured, and although this was higher in the IR group (Table

6:26) than the CR group, the difference was not statistically significant.



Table 6:26

Mean (+ 1SD) coefficient of variation ($) of blood metabolite levels
measured three times in each infant on the intermittent and continuous

regimen on day 6-8

Regimen
Metabolite

IR (n=5) CR (n=5) Significance*

Glucose 40+21 - 28+13 NS

Lactate 40+14 24+26 NS

Pyruvate 51 ±37 18+4 NS

Alanine 28+22 14+7 NS

Glycerol 90+23 43+32 p <0.05

3-Hydroxybutyrat e 123+47 33+42 p <0.02

Acetoacetate 160+19 63+43 p <0.01

Insulin 71+55 24+11 NS

* Determined by students' t test
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The most marked differences "between the metabolite levels of the

IR and CR groups were in the levels of Glycerol (Tables 6:18 and 6:19),

3-Hydroxybutyrate (Tables 6:20 and 6:21) and Acetoacetate (Tables 6:22 and

6:23). These three substances are metabolites of intralipid. In the CR,

intralipid was infused continuously at 50 mg fat/kg/hour on day 1,

increasing to 100 mg fat/kg/hour on day 2-4 and to 200 mg/kg/hour on full

dosage from day 5«

This continuous infusion was associated with stable levels of

glycerol, 3-hydroxybutyrate and acetoacetate within each sampling day.

There was a tendency for the levels of glycerol, 3-hydroxybutyrate and

acetoacetate to rise slightly as the intralipid infusion rate was increased

from day 1 to day 6-8, then gradually fall as full dosage infusion was

continued from day 6-8 to day 18-21. These changes in glycerol, 3—

hydroxybutyrate and acetoacetate within the CR group are not statistically

significant.
J

The infusion of intralipid at a rate'corresponding to 400 mg fat/kg/
hour for 3 hours on day 1, 7 hours on day 2-A and 10 hours on full dosage IR

from day 5 (Fig. 6:1) was associated with dramatic increases in glycerol,

3-hydroxybutyrate and acetoacetate levels, all of which just failed to

reach statistical significance (Wilcoxon Rank Sum test p = >0.05) when
v

the metabolite levels before and after the intralipid infusion on each day

were compared. The glycerol, 3—hydroxybutyrate and acetoacetate levels

returned to levels generally below those of the CR group when the intralipid
I

infusion was changed to glucose only.

The height of the glycerol, 3-hydroxybutyrate and acetoacetate peaks

tended to rise with increasing dosage from day 1 to day 6-8 and then fall

as full dosage was continued from day 6-8 to day 18-21.

The fluctuations in glycerol, 3-hydroxybutyrate, and acetoacetate with



the IR were reflected in the significantly larger coefficients of variation

when compared with the CR group (p = <0.05, p «= <0.02, p = <0.01

respectively, Table 6:26).

The Vamin/glucose/lntralipid infusion phase of the IR was associated

with a rise in insulin levels (Tables 6:24» 6:25) from 0-3 hours on day

1, 0—7 hours on day 2—4 and 0—10 hours on day 5 .et seq. This rise was

not statistically significant, nor was the tendency for the height of

the insulin peak to diminish from day 1 to day 18-21. The CR group had

insulin levels which were intermediate between the baseline and peak

values of the IR group on the same day and the levels in the CR group

did not tend to fall between day 6-8 and day 18-21.

Blood aminoacid measurements: No direct comparison is possible of the

blood aminoacid levels in the IR group and the CR group. Levels were

measured semiquantitatively only, in the IR group using unidimensional

paper chromatography. An aminoacid analyser had become available by

the time the infants in the CR group were being studied permitting

quantitative measurements to be made.

Semi-quantitative aminoacid measurements were carried out in 2 infants

on day 7 and 3 infants on day 18 in the IR group. A generally low aminoacid

pattern was found on day 7» and the levels on day. 18 were all within normal

1 imit s.

Quantitative aminoacid measurements were obtained in 3 infants on day 7»
I

and 2 infants on day 12 and day 18 of the CR group. The results are given

in Table 6:27. The levels were generally elevated above the accepted

normal range for enterally fed infants receiving 2-4 g protein/kg/day

(Snyderman et al 1968). Glutamic acid, glycine, serine, histidine,

phenylalanine, and aspartic acid levels were particularly raised at 3 or

more times normal. Valine, methionine, leucine, phenylalanine, lysine



Table 6; 27

Mean (range) plasma aminoacid levels (pM) in infants receiving the

continuous regimen at day 7 (3 infants) day 12 (2 infants) and day 18

(2 infant s)

Amino
Acid bay 1 bay 12 bay 18

Asp 59( 45 - 61) 88 ( 71 - 104) 77( 68 - 85)

Threo 345(213 - 455) 373(338 - 408) 323(294 - 351)

Ser 481(301 - 690) 620(547 - 693) 513(511 - 515)

Glu 159( 99 - 225) 401(165 - 637) 230(138 - 322)

Gin 750(706 - 836) 748(606 - 891) 814(526 1102)

Pro 413(380 - 471) 510(425 - 595) 637*

Gly 715(629 - 869) 796(610 - 983) 693(589 - 797)

Cys 58( 47 - 73) 53( 48 - 57) 8o( 72 - 88)

Val 254(226 - 307) 293(258 - 328) 396(319 - 473)

Met 39( 30 - 52) 54( 50 - 58) 73( 64 - 81)

lieu 93( 59 - 118) 103( 80 — 125) 122(121 - 123)

Leu 95 ( 69 - 130) 125(107 - 143) 161(147 - 174)

Tyr 134( 64 - 264) 101( 93 - 109) 106( 99 - 113)

Phe 177(107 - 238) 210(189 - 230) 271(227 - 315)

Orn 94( 74 - 112) 211(154 - 268) 174(128 - 220)

Lys 101 ( 67 - 144) 154(137 - 170) 246(199 - 292)

His 178(127 - 268) 232(145 - 319) 223(149 - 296)

Arg 63( 32 - 81) 75( 61 - 89) 105( 92 - 117)

Taurine 125( 53 —

i

197) 119( 73 — 164) 164(134 194

* One measurement only
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and. arginine showed a tendency to increase with continuing full dosage

TFN of the CR, hut the numbers are too small to assess the significance

of this observation. There was no evidence of taurine deficiency in

infants receiving the continuous regimen for up to 21 days.

As these aminoacid samples were obtained at time 0 on each occasion,

the levels given for the CR are likely to be a true representation of

the aminoacid levels at any time during the infusion, since the infusion

was of constant rate and composition throughout 24 hours. The semi¬

quantitative results of the IR group are likely to reflect the lowest

aminoacid levels, since time 0 was 14 hours after the completion of the

aminoacid infusion the previous day. No measurement of peak aminoacid

levels at the end of the Vamin infusion were obtained in the IR group.

Comment: Although direct comparison of the two groups of patients is

difficult and the numbers small, infants receiving the CR had more stable

metabolic profiles than the infants in the IR group. This was associated

with a lower incidence of disturbance of liver function amongst the CR

group but the difference in this respect between the IR and CR groups

was not statistically significant. As a result of these observations an

adaptation of the CR has been adopted as the standard TFN regimen for

clinical use in infants in the neonatal surgical unit, Children's Hospital,
v

Sheffield.
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Metabolic Measurements

The decision to study glucose, lactate and pyruvate levels was made

because these metabolites are key substances in the utilisation of

carbohydrate as an energy source. The importance of alanine is its

involvement in the glucose-alanine cycle, in which peripherally derived

alanine, from muscle, serves as a gluconeogenic substrate in the liver

(Pelig et al 1970, Felig 1973)• Alanine, administered to the term

newborn either orally (Williams et_ al 1975) or "by infusion (Sann et al

1978) has been shown to have a glycaemic and antikitogenic effect as in

older children.

Glycerol, 3-hydroxybutyrate and acetoacetate are metabolites of

triglyceride degradation, high levels of acetoacetate and 3—hydroxy—

butyrate being associated with rapid fatty acid oxidation. Glycerol is

also important as a gluconeogenic substrate in the liver (Newsholme &

Start 1973).

Insulin and glucagon levels influence growth and substrate

utilisation. High levels of insulin, coupled with low levels of glucagon

(a high insulin:glucagon ratio) favours anabolism in the adult and growth

in children. A low insulin:glucagon ratio favours catabolism and growth

arrest. The relationships between insulin and glucagon and fat and

carbohydrate utilisation in the newborn are not yet clearly defined,

however.

I

It was particularly important to develop methods for measuring these

substances using extremely small sample volumes to permit measurements on

capillary samples of a workable volume. Capillary blood samples were felt

to be most suitable to make it practically and ethically possible to carry

out repeated samples to study changes in metabolic profile longitudinally

in the same individual. Using these methods, nasogastric and transpyloric



feeding and parenteral nutrition were studied because of a lack of

metabolic data on these types of feeding in clinical practice.

The capillary sampling method was shown to be a valid reflection of

arterial metabolite levels for glucose, lactate, pyruvate, glycerol,

and 3-hydroxybutyrate, and to a lesser degree for alanine (Fig. 2:5

a, b, c, d, e, f). No attempt was made to assess the reproducibility

of capillary sampling per se by repeated measurements in the same

individual. Capillary sampling errors may have made a significant

contribution to the size of the coefficients of variation of

longitudinal measurements in infants receiving nutrition by continuous

feeding techniques (Table 5:2 and 6:26).

Errors in capillary sampling are likely to be greater, the larger

the sample size. The first 200—250 Hi of blood was usually easy to

obtain with minimal squeezing and it was this first specimen which was

used for metabolite measurements in each case. No attempt was made to

make a correction for packed cell volume of any of the samples.

Coefficients of variation of all of the fluorometric metabolite

measurement methods were larger than those published for the corresponding

spectrophotometric methods using larger samples. Although attempts were

made to minimise these errors there were three pbtential contributions

to their magnitude inherent in the techniques; optical differences

between the reaction cuvettes, errors in the measurement of 10 Hi aliquots,

and variations in the light output of the xenon arc.

Expense makes routine use of Aminco—Bowman fluorometer tubes in

the numbers required impractical but even carefully selected pyrex tubes

have significant tube to tube variations in their optical properties.

The precision of measurement of 10 Hi aliquots could be increased



by use of a positive displacement type of pipette. Use of this type of

pipette is time consuming and necessitates the samples remaining at room

temperature for longer periods of time for pipetting>with consequent
deterioration particularly in levels of pyruvate and 3-hydroxybutyrate,

unless a reduction in the number of unknowns per assay is made.

The fitting of a magnetic arc stabiliser to the SPF would probably

reduce fluctuations in light output by the xenon arc.

Once the measurement techniques had been worked out, the measure¬

ment of the metabolite levels was technically relatively easy.

Interpretation of these results, however, presents considerable problems.

The blood level at any particular time of a metabolite merely represents

a concentration level in a metabolic pool of uncertain size equilibrating

with other metabolic pools at rates governed by a series of unknown

equilibrium constants. The concentration does not directly provide

information about the rate of flow of the substrate through the pool, and

therefore does not provide direct evidence of rate of utilisation of the

substrate, although the concentration may reflect it. Firm conclusions

cannot therefore be drawn regarding the rates of fat and carbohydrate

utilisation on the basis of metabolite and hormone levels alone.

Interpretation of metabolite levels would be greatly facilitated by the
v

simultaneous measurement of oxygen consumption and COg production
(respiratory quotient) or by the study of selected substrates labelled

with stable isotopes (Kalhan et _al 1979)•

Test Weifjiing

The study of the accuracy of test weighing confirms the clinical

suspicion of many paediatricians that test weighing using standard ward

scales provides an inaccurate measure of feed intake particularly in the

infants who appear to have taken least milk by having the lowest TW values.
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The pattern of underestimate of FW "by TW at low values of TW and over¬

estimate at high values of TW (Fig. 3:1, 3:2) is a consequence of the wider

scatter of values obtained for TW than FW.

It has been said that 'test weighing must be done for 24 hours to

get a day total or else it might as well not be done' (Naish 1948).

A day total is obtained to take account' of variations in feed volume

at different feeds at different times of day (Budin 1900, Waller 1920,

Naish 1948) and also to reduce the measurement error by increasing the

number of observations. From the results of this study it would appear

that the errors would tend to cancel one another out if a series of

TW values around 60 g was obtained or if a group of measurements below

60 g (underestimates) were compensated for by a similar number of

observations over 60 g (overestimates). A 24 hour series of test

weighing results all of which were below 60 g would lead to summation

of the errors and a gross underestimate of feed intake leading to in¬

appropriate feeding advice or supplementation of the infant.

In their preliminary validation of test weighing on 115 artificially

fed infants Culley at al (1979) measured FW volumetrically and all TW

measurements were carried out by one observer. A larger coefficient

of correlation (r = 0.83) was obtained between TW. and FW but no regression

relationship was evaluated. Their results, as in this study, showed

considerable scatter (e.g. FW = 60 ml; TW 21—90 g; n *= 32).

Most clinicians would be critical of a laboratory measurement where,

in addition to the physiological 'reference range', there was a procedural

error of 20-30^ or more. Test weighing in the routine clinical context

cannot be considered a reliable technique for determining feed intake

in breast fed infants.



Accurate measurement of feed intake using the test weighing

technique is possible using a sophisticated electronic balance which takes

the mean of a number of weight measurements made in quick succession

(Lucas at al 1979) whereas methods such as deuterium enrichment of saliva,,

(Coward et al 1979) unsuitable except for research use.

Without these sophisticated aids the best guide to adequate nutrition

of the breast fed small infant remains adequate growth.

The findings .of this study are a significant comment on the precision

of standard baby scales on which clinicians are obliged to place some

reliance in measuring weight growth of small infants. An accurate set of

scales must be a high priority in any neonatal unit. Test weiring, a

process involving subtraction of two weights (the wei^it after the feed

from the weight before the feed) can be expected to highlight inaccuracies

in the weight measurements, the magnitude of the error approaching the

magnitude of the difference between the two weights.

Transpyloric feeding; clinical aspects.

The purpose of the clinical study of nasojejunal and nasogastric

feeding was to assess the practicalities and complications of these

techniques for the enteral feeding of LBW infants. No attempt was made
v

to compare enteral feeding with parenteral nutrition in the LBW infant,

as we wished to investigate the growth of infants fed enterally alone

without recourse to parenteral feeding to assess the feasibility of this

approach.

Although patient allocation was not random it was not determined by

the condition of the patient. The fact that gastrically fed infants were

born in the winter months, whereas the jejunally fed infants were born in

the summer (Table 4s2) might have contributed a slight bias to the groups.
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Although older children are thought to grow more rapidly in summer,

there are no data comparing seasonal variations in the growth of LBtf

infants.

The intrauterine growth standards of Usher and McLean (19^9) were

used for growth comparisons of OFC and weight before EDD because these

standards extend below 28 weeks gestation and correspond at EDD to the

values obtained for weight in British children by Tanner _et al (1966),
and to the OFC standards throughout childhood of Nellhaus (1968). The

standards of Tanner et al (1966) and Nellhaus (1968) were used for

comparisons between EDD and EDD + 1 year. The number of infants

contributing to Usher and McLean's standards below 28 weeks gestation is

small.

Comparison of the growth of infants outside the uterus with these

standard charts is subject to criticism on three counts. Firstly the

standard charts themselves are constructed from measurements of infants who

were available outside the uterus for study, and therefore are intrinsically

an abnormal group. Secondly, comparison of growth of the foetus outside

the uterus with growth inside the uterus takes no account of the totally

different environment and different energetic and physiological demands

made on him. It may never be possible to accurately mimic intrauterine
V.

growth outside the uterus but Shaw (1973) suggested extra uterine target

weight velocities and calculated nutritional requirements on this basis.

Recent alterations in our concept of catch up growth (Sands et al 1979)

and the recognition of the vulnerability of the developing central nervous

system to over-zealous hyperalimentation make such an approach less tenable.

Thirdly, as body mass throughout gestation and extra uterine life is

influenced by the sex of the individual, comparison of each individual with

the mean values for both sexes taken together, as in Usher and McLean's data



introduces a systematic error if the number of subjects is small.

For these reasons SB scores and indices have an inherent error, but

the magnitude of this error is likely to be less than comparing crude

growth measurements in groups of patients of differing sex distribution.

The use of these parameters also permits more easy appreciation

longitudinally of to what extent the infants have been able to catch up

subsequently with the growth of infants born at term.

The calculation of weight velocity over short time periods is

analagous to test weighing, as the weight velocity is calculated from

the difference of two weights, and is likely to be subject to the same

errors. In the light of the results of the test weighing study, weight

velocities were calculated on enterally fed infants in overlapping two

week increments in an attempt to smooth out oscillations due to the weighing

error. Weight velocity does appear to vary from infant to infant and in the

same infant from week to week due to true differences in growth rate,

as well as differences in hydration in the first two weeks of life.

The large standard deviations obtained for weight velocity (Tables

4:18-4:20) and the correspondingly low levels of significance of the

differences between the gastric and jejunal groups are likely to be due at

least in part, to the magnitude of the weighing Errors however.

Nasojejunal tube insertion presented no problems in the majority of

infants. The problems of successful tube passage in the smallest infants

were due to lack of peristalsis in infants who were frequently desperatly

ill. On several occasions the terminal weight of the jejunal tube became

lodged in the duodenum, because of its considerable length in relation to

the tight curvature of the duodenum in infants below 1 kg birth weight. A

reduction in the length of the weight by about one third would probably

facilitate tube passage in these small infants. An infant of 5^0 g birth
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weight, however, has had a 5FG Vygon tube passed at the first attempt

since the study finished.

The slow cautious method of tube insertion generally took around

24 hours for tube placement, and enteral feeding was delayed for this

period of time in jejunally fed infants. Some infants with prolonged

ileus, in whom tube passage was more difficult, received only a trivial

enteral calorie intake during the first 10-12 days of life and received

10^ glucose and electrolytes only. 150 ml/kg/day of 10$ glucose provides

56 cal/kg/day which approximates to maintenance calorie expenditure in

healthy prematures (Rubecz and Mestyan 1975 (l)(2)). It is likely that sick

preterm newborns have lower maintenance energy expenditure, and the

provision of 50-60 cal/kg/day as carbohydrate, provided the glucose can be

metabolised, may not in fact be far short of the requirements of the infant.

In infants below 30 weeks, however, large insensible losses of water through

the skin may dramatically increase their energy requirements (okken et al

1979).

The infants did not receive any protein in the study until enteral

feeding was introduced. The administration of aminoacids to sick premature

infants has to be cautious as aminoacids per se cannot be expected to

reverse tissue catabolism occurring for reasons other than starvation,
V.

e.g. sepsis, post operatively, and may produce hyperaminoacidaemia. Over-

enthusiastic aminoacid administration to such infants could also lead to

overloading of the urea cycle find a rise in blood ammonia, as the urea

cycle is poorly developed in preterm infants. In infants who will not

tolerate enteral feeding beyond one week after birth, the cautious

administration of parenteral nutrition supplements or total parenteral

nutrition with aminoacids and calories appears justified.

Some of the infants in this study lost considerable amounts of weight

due to oedema at birth and poor calorie intake during the first and second



weeks of life. Abolition or at least reduction in the 'physiological*

weight loss of the preterm newborn and more rapid growth in the first

few weeks of life has been claimed for transpyloric feeding (Cheek and

Staub(l975)» Van Caillie and Powell (1975)» Wells and Zachman (1975)»

Wolfsdorf et al (1975))* Rapid tube passage techniques taking less than

one hour and hyperosmolar milk were used by all of these authors.

Failure to lose weight after birth under these circumstances may

reflect the enteral infusion and absorption of a fluid and osmolar load

which cannot be cleared by the immature kidney until the increase in

renal blood flow and glomerular filtration rate 3-4 days after birth has

taken place (Leake 1977)» a- situation similar to the changes in body fluid

volume and distribution in parenterally fed infants (Brans et al 1976).

In this study, where a cautious approach was taken and isosmolar

milk used, there were no significant differences in enteral milk tolerance

weight loss, and early growth between comparable infants fed jejunally

and gastrically (Figs 4:7—4:9> Table 4s9)• The difference in weight loss

between infants of <1 kg fed jejunally and gastrically is not biologically

significant because of the small number of infants in this weight range

fed gastrically (Table 4s9).

Nasojejunal feeding did not prevent feed aspiration particularly in

the smallest infants who were fed by this route for the longest periods

of time (up to 69 days)(Table 4:6, Table 4:7)» but in "the 1—1.5 kg AGA

group where the numbers are labge enough to make statistical comparisons

possible, there were no significant differences between gastrically and

jejunally fed infants. Some infants, particularly those <1 kg, inhaled

milk following displacement of the nasojejunal tube tip from the jejunum

back into the stomach. As the milk infusion rate remained constant this

observation indicates that a rate of enteral milk infusion tolerated by an



infant via the jejunal route may not be, minutes later, as a

continuous gastric infusion. This observation implies that transpyloric

feeding does in fact provide an advantage in the volume of feed tolerated

particularly by the smallest infants, provided the tube can be kept in

place.

Effective tube fixation at the nasal end (Fig 4s5) does not prevent

displacement of the distal end of the tube. The tube tip can prolapse

back into the stomach spontaneously even from the proximal jejunum.

Apparently ' spontaneous' return to the stomach is likely in the majority

of cases to be due to displacement while suctioning the pharynx.

Our experience of mask CPAP and ventilation combined with transpyloric

feeding was similar to that of Beddis and McKenzie (1979)• Tbe

difficulties are due partly to tube dislodgement by the mask and partly

to gastrointestinal intolerance of infused milk related to gaseous

distension of the bowel. Some infants however, (Dinwiddle R. personal

communication) appear to manage jejunal feeding and mask ventilation

without mishap although no results, except those of Beddis and McKenzie,

have been published.

Infants in this study tolerated nasojejunal feeding while receiving

CPAP via nasal catheters or IPPV via endotracheal^ tube. The numbers of

infants requiring ventilatory assistance in the gastric and jejunal groups

of AGA infants weighing 1—1.5 kg at birth, are too small to make any

assessment of the relative risks of ventilation or CPAP combined with the

two feeding techniques. The distinct clinical impression was that naso—

jejunal feeding was safer in infants requiring ventilatory support.

Nasojejunal feeding in this study was not associated with serious

complications of the type detailed in the introduction. The most serious

was the development of an oesophageal stricture in one infant of 850 g
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birthweight.

Hyponatraemia was a common problem in the smallest infants,

particularly those of less than 30 weeks gestation. These infants tended

to become hypernatraemic and hyperosmolar during the first three days of

life then, once feeding was established by the end of the first week,

became polyuric and severely hyponatraemic despite an active policy of

fluid electrolyte supplementation.

The hypernatraemic phase can be explained by low renal plasma flow,

low glomerular filtration rate, low urine output, combined with large

transcutaneous insensible water losses (60 ml/kg/day or more),(Fanarof
et al (1972)) possibly exacerbated by phototherapy and the administration of

admittedly small amounts of saline as arterial catheter flushings, at a

time when the sodium load cannot be cleared (Aperia _et al (1974), Siegel

et al (1976), Ross et al (1977), Leake (1977)).

Once the glomerular filtration rate increases towards the end of the

first week of life the maturity of tubular function becomes important,

(Engelke et al (1978)). Defective proximal tubular reabsorption of sodium

(Sulyok et al (1980)) leads to a large volume of sodium-containing tubular

fluid being presented to the distal tubule. This fluid and sodium load

exceeds the reabsorptive capacity of the distal ttibule which is also

insensitive to aldosterone (Honour et al (1977), Aperia et al (1980))

and a sodium diuresis results. The infant may become hyponatraemic if

the water loss is corrected with 10^ glucose and inadequate sodium

supplements. In infants who are several weeks old but still have large

renal sodium losses enteral feeding without adequate sodium supplementation

can lead to isotonic sodium and water loss with normal plasma electrolyte^

a clinical situation which is much more difficult to appreciate.

As soon as the infant starts to pass urine in large quantities
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on days 3-5, aggressive supplementation with sodium, even as much as

9 mmolea/kg/day may be required for several weeks, until mature tubular

function develop (Ross e£ al (1977))* This sodium supplement is added

as the appropriate volume of 30^ saline (5»1 mmoles/ml) to the syringe—

ful of milk for jejunal infusion.

As renal maturity varies in different infants of similar gestational

and postnatal age, as well as with advancing postnatal age each infants1

sodium supplementation has to be assessed daily on an individual basis.

In the study, the clinical signs associated with hyponatraemia were

sudden ileus, abdominal distension, and vomiting of milk even when the

jejunal tube was well past the duodenojejunal flexure.

Sodium content of Cow and Gate Premium formula has been reduced

during manufacture to approximate to that of mature human milk (see

appendix) to be more suitable for term infants and to avoid the disastrous

effects of hypertonic dehydration in infants under 6 months of age

(Chambers and Steel (1975), Smith (1974)).

This low sodium content is particularly unsuitable for very

immature infants because of their large sodium requirement. Milks most

suitable for mature infants are also deficient in Phosphate, Calcium,

Iron, trace metals and vitamins for the requirements of the very LBW

infantj and cannot be regarded as 'total enteral alimentation1 for him as

they can for mature infants.
k

Enteral feeding by whatever route of the LBW infant does not free

the clinician from the daily obligation to calculate accurately and

provide the infant with total nutritional requirements.

After the first 2-3 weeks of life infants fed gastrically from birth

were shown in this study to have an advantage in growth rate over infants
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fed. jejunally (Fig 4:10, Tables 4:18-4:20). Transfer of infants from

continuous jejunal to intermittent gastric feeding was associated with

an acceleration in weight velocity (Fig 4s11)• As a result of relatively
. ) i

poor growth during jejunal feeding, the jejunal group of infants were

smaller at EDD but had overtaken those fed gastrically from birth by EDD +

3 months (Table 4:11) and were heavier at EDD + 6 months (though not

significantly so). The fact that the jejunal group overtook the gastric

group can be regarded as evidence that the superior growth of the gastric

group initially was indeed due to differences in feeding technique rather

than to greater genetic growth potential in the gastric group.

Although the weight groupings were not the same, the infants in this

study were smaller at follow-^up in comparison to the normal population

than those studied by Fitzhardinge (1975)• The infants in the Fitzhardinge

study were fed gastrically, receiving parenteral glucose only in the

majority of infants when enteral feedings were not tolerated.

A number of facts may be responsible for the slower growth rate of

jejunally fed infants. Jejunally fed infants have been shown to have

significantly greater fat malabsorption than gastrically fed infants

(Roy jet al (1977) ) • This may be due to by-passing of the phase of

intragastric fat lipolysis by salivary lipase (Hamosh et al (1978)).

Although the gastric aspirates were replaced down the jejunal tube, the

salivary lipase is relatively inactive at jejunal pH and significant

losses due to pharyngeal suctioning undoubtedly occurred.

By-passing of the stomach and duodenum may influence the entero—

hormonal response to food responsible for the stimulation of pancreatic

and bile secretion. Since many of the enteric hormones are known to have

trophic effects on the development of the gut (Auricchio (1977)) delivery

of milk distal to their sites of production might delay maturation of
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of intestinal function after birth. Continuous infusion of milk into

the stomach or jejunum might be expected to produce a constant metabolite

and hormone profile avoiding the 'fast-feast' cycle thought to be of
|

importance in the promotion of optimal growth (Avery (1976)). The

difference between continuous jejunal and intermittent gastric feeding

might be one of mode of delivery of the milk rather than its site.

Energy losses due to milk supernatant rich in fat remaining in the

infusion system as described by Brooke and Barley (1978) are unlikely to

have taken place with the infusion system used in this study. The syringes

were filled with the correct amount of milk to last 3 hours and therefore

were completely evacuated by the time refilling was required. No extension

tubing was required, the Vygon tube fitted directly onto the luer end of

the syringe in' the syringe pump. The infusion system therefore did not

include the drip chamber and filter included in intravenous giving sets.

At the present time it is not possible to assess the relative

importance of each of these possibilities in the growth advantage provided

by gastric feeding.

The advantages of transpyloric feeding over gastric feeding are

likely to be greatest in the smallest infants but because of slower growth,

infants should be transferred to gastric feeding vas soon as their cardio¬

respiratory state permits it. Continuous gastric feeding might have

advantages as an intermediate alternative in the progression to suckled

feeds. »

Transpyloric feeding: metabolic aspects

The study of metabolic responses to continuous gastric and jejunal

feeding using each infant as his control delineated the fluctuations of

metabolite and hormone levels in infants fed by continuous milk infusion
tr

(Table 5*2) and demonstrated no differences in the parameters measured



"between gastric and jejunal delivery of milk. The fluctuations were

greater than could be accounted for by the error in the assays and

suggest that continuous milk infusion does not abolish fluctuations

analagous to a 'fast-feast cycle'.

It was unfortunately not possible to study other enteric hormones

(gastrin, cholecystokinin, secretin, vasoactive intestinal peptide,

gastric inhibitory peptide, motilin, or somatostatin) due to the small

blood sample size obtained, although differences in the response of these

hormones to jejunal and gastric feeding might be anticipated (Aynsley-

Green at al (1977) t Lucas £t al (1978)).

Glucagon was studied as this was thought to be most likely to

affect the met-abolite measurements, if indeed, there were any differences

between jejunal and gastric delivery of milk.

The preterm infants in this study were growing rapidly with lower

insulin/glucagon ratios than are usually associated with anabolism in

older subjects. This observation was also made by Sann et al (1978) who

obtained insulin/glucagon molar ratios of 1.26 + 0.14 in preterm and

1.7 + 0.25 in term infants.

Total parenteral nutrition in surgical infants

The use of surgical neonates as subjects in studies of parenteral

nutrition technique presents considerable problems because the infants
%

differ in their primary diagnosis in addition to deliberate differences

in parenteral feeding for study purposes.

The results of the study do however provide an insight into the

metabolic and clinical consequences of what was regarded by many of the

staff as a trivial alteration to the parenteral feeding regimen.
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Vamin/glucose was used as the aminoacid source because this has

been considered to be of acceptable composition for use in the newborn

(Cockburn (1976), Dale _et al (1976)) as it contains cysteine, tyrosine

and histidine which are semi-essential aminoacids in the newborn period.

Simultaneous administration of the aminoacid source and intralipid was

used in the intermittent regimen in an attempt to reduce dearaination of

the aminoacids and encourage anabolism (Harries (1971))•

Harries (1971) d-id not, however, propose that the total daily dosage

of each nutrient should be infused as a bolus, rather that 4 or more

cycles of nutrients should make up the 24 hours. The form of the

intermittent regimen, as used as the routine method of total parenteral

nutrition before the study began was influenced by an almost total lack

of infusion pumps at that time, and shortage of nurses.

The continuous regimen was designed to be set up at the start of the

day and run continuously with only minor adjustments of infusion rate

and burette filling only 2-3 times per day. The setting up procedure

took about 20 min. per patient once the nurses had become familiar with

the setting up routine.

Utilisation of nurses for making up parenteral infusions on the ward

is not an effective way of using nursing time, arid may be bacteriologically

hazardous even though a bacterial filter was included in the aqueous line

with the continuous regimen. Mixing of the infusate is more appropriately

carried out in a laminar flow cabinet in the Pharmacy by a qualified

pharmacist.

Heparin was added to the infusate to stimulate lipoprotein lipase.

The dose of 150 units/kg/day may be insufficient for this purpose as Coran

et_ al (1974) were unable to demonstrate any improvement in fat hydrolysis
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using this dosage.

There was no significant difference between the two groups in the

parenteral calorie, fluid, aminoacid or fat intake.

Weight growth during total parenteral nutrition with the two regimens

was not significantly different (Tables 6:6 and 6:7)• Weight velocity

achieved on the same parenteral intake was determined by corrected

gestational age of the infant at the time of TPN (Pig 6:2). The less

mature infants gained weight more quickly than the more mature ones.

This observation suggests that the less mature infants in some way

have a greater extrauterine growth potential than the mature infants.

This difference in weight velocity could be explained by spurious weight

increase in the more immature infants partly due to their inability to

cope with the osmolar and fluid load presented by parenteral nutrition.

Enterally fed infants of 30-31 weeks gestation at birth in the

enteral feeding study had a mean weight velocity at EDD of 14*5 g/kg/day
whereas the normal weight velocity in infants born at term is 8.5-10 g/kg/
day (Usher and McLean (1974)) after the first week of life. The preterm

infants in both the enteral and parenteral studies were below expected

weight for gestational age at the time of the growth velocity measurements
v

and the faster growth velocities may represent more efficient utilisation

of nutrients during catch up growth.

The fluctuations in metabblite levels, as reflected by coefficient

of variation, in the infants receiving the CR (Table 6:26) were similar

to those of LBW infants receiving continuous milk infusion enterally

(Table 5*2). Blood glucose levels, however, were the exception. Blood

glucose levels were generally higher in the enterally fed LBW infants

(Table 5s4) than the infants fed parenterally (Table 6:10 and 6:11) and
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hypoglycaemia occurred, in infants receiving the CR despite continuous

infusion of nutrients. This disturbing observation was also made by

Lindblad (1977)* Although the type of infusion pump used (IVAC 531)

gives a constant infusion rate if measured over a period of an hour,

there are considerable short-term variations in the infusion rate from

minute to minute (Rithalia and Tinker (1978)) due to the feed-back

characteristics of the pump regulation system. The acetoacetate levels

were generally higher in the enterally fed infants and the insulin levels

lower than in infants receiving the CR of parenteral nutrition. The

higher insulin levels during parenteral nutrition are associated with
(?)

aminoacid infusion (Filler (1974))•

Although the greater fluctuations in metabolite levels in the IR

group than the CR group may partly reflect the sequential nature of the

infusion, the fact that the infusions were controlled manually with the

IR group is likely to be a contributory factor, particularly to the

greater fluctuations in glucose. It was apparent that attempts were

made by the nurses to ensure that the infusion was complete by the time

the author arrived to obtain the blood samples. Scrutiny of the

intravenous fluid charts showed that the infusions were generally run

behind schedule until about half an hour before they were due to be

completed. This observation supports the arguemeiit for the need for

infusion pumps to carry out total parenteral nutrition.

All infants receiving the IR were lipaemic by the end of the full

dosage intralipid infusion, but the lipaemia had cleared by the time the

intralipid infusion was due to start the following day. None of the

infants receiving the CR developed lipaemia despite the relatively high

fat intake on full dosage (4*8 g/kg/day). Infants receiving the CR in

full dosage did not have significant elevations of glycerol, 3-hydroxy-

butyrate or acetoacetate compared with values on day 1 or with the enterally
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fed LBW infants. Infants on the IR in full dosage had large peaks of

these metabolites by the end of the fat infusion. These findings

indicate that the infants were able to tolerate a fat infusion rate of
i

200 mg/kg/hr. without evidence of metabolic disturbance but 400 mg/kg/hr.
exceeded the maximum capacity of lipaprotein lipase activity in infants

receiving 150 units/kg/day of Heparin, and also their capacity to

metabolise 3-hydroxybutyrate, acetoacetate and glycerol. There was no

evidence of a cumulative effect however as the 3-hydroxybutyrate, aceto¬

acetate and glycerol levels were low at the beginning of the fat infusion

the next day. The infants appeared to become more able to tolerate the

lipid load with the IR as the regimen was continued, presumably due to

enzyme induction.

Small numbers of quant itat ive arainoacid measurements made are in

agreement with those of Bale £t al (1976) being about 2 standard deviations

above the normal range. Blood aminoacid levels may however be a very poor

indicator, and sometimes seriously underestimate the levels of aminoacids

in the brain itself (Heird et ad (1977))*

Although it was difficult to quantify, the impression was gained that the

clinical condition of the infant was an important factor in his ability

to tolerate parenteral nutrition without disturbance of the metabolite levels.
v

This observation was also made by Lindblad et al (1977)*

Lindblad et al (1977) observed low levels of insulin in stressed

infants and thought that this fnight be a contributory factor to poor

carbohydrate tolerance, and that the administration of exogenous insulin

might be indicated. Baboons subjected to Gram negative septicaemia

(Cryer et al (1971)) have been shown to become insulinopoenic and have
poor glucose.tolerance. A recent study of exogenous insulin administration

to low birthweight infants with insulin deficiency and poor glucose
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tolerance showed little benefit (Goldman and Hirata (1980)).

There was a high incidence of liver dysfunction (10 out of 16 infants,

63%, Table 6:9) in this study. Infants selected for the study were the

sickest infants who were anticipated to require prolonged total

parenteral nutrition. Liver function derangements occurred in nearly

twice as many infants (7 out of 9 in the IR group than in the CR

group (3 out of 7, 43^). This difference is not statistically significant

due to the small numbers but suggests that cholestatic jaundice in

parenterally fed infants might be due, at least in part, to a toxic

effect on the liver of the infusate.

The occurence of liver function derangements was more common in

the infants who needed the most prolonged periods of parenteral nutrition,

but the peak 'late-rise' bilirubin level did not correlate with the

duration of TPN or TPN + SPN (Fig 6:3)»

No prospective studies have yet been published of the incidence of

cholestatic jaundice during parenteral nutrition in infants. Beale et ad

(1979) found in a retrospective study of 62 LBW infants fed parenterally

for varying periods that cholestatic jaundice correlated with the duration

of parenteral nutrition and also with the length of time that enteral feeding

was withheld. The overall incidence in their study was 23^ but the mean

duration of parenteral nutrition was shorter than the present study.

Cholestatic jaundice has been described following TPN whether or not

intralipid was included in the' infusate (Zarif et_ al (1976), Beale et al

0979))» which indicates that intralipid per se is not the cause.

Although cholestasis may represent a toxic effect or deficiency in the

current TPN infusates, it may also be due to lack of enteral feeding

rather than TPN per se. Adults with irrecoverable gastrointestinal lesions

permanently maintained on TPN via central catheters develop disease of



their biliary tree due to sludging of bile and usually have elective

cholecystectorny carried out before starting the regimen for this reason.

The passage of food through the gut leads to cholecystokinin release

causing evacuation of the biliary tree. Failure of this repeated stimulus

to take place due to the complete absence of food from the bowel could be

expected to lead to bile sludging and cholestasis. It is interesting

that cholestatic jaundice is not a feature of continuous enteral feeding

even when the milk is delivered into the upper small bowel.

These considerations lead to the hypothesis that the administration

of small enteral feeds to infants who require TPN but have an intact

gastrointestinal tract might reduce the incidence of cholestatic jaundice.

This approach,, however, is of limited value in surgical infants of the

type involved in this study.



Chapter 8

Conclusion
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The importance of accurate baby scales has been clearly shown.

Electronic scales which take the mean of a number of measurements in

quick succession would permit much greater precision in the measurement

of body weight of infants and must be a high clinical priority in any

unit caring for the newborn.

Nasojejunal feeding using the commercially available silicone

rubber tube did not offer any clear advantage over conventional feeding

in infants between 1 and 1.5 kg at birth, but produced slower growth after

the first three weeks of life. Nasojejunal feeding may have advantages

over gastric feeding in infants of 1 kg or less at birth and in larger

infants who require respiratory support. The role of continuous gastric

feeding has not been adequately evaluated in the very LBW newborn and

a prospective comparison of this technique with continuous jejunal

feeding is required studying complications and growth.

One clinically justifiable approach would be to feed infants of

less than, say, 1.2 kg at birth nasojejunally for the first few weeks of

life until they reached a stable cardiorespiratory state, then transfer

to continuous, then intermittent gastric feeding.

With the fluctuations in metabolite levels demonstrated with continuous
V.

enteral feeding it seems unlikely that the slower growth during jejunal

feeding is due to abolition of the 'fast-feast cycle' and is much more

likely to be due to fat malabsprption by jejunally fed infants.

Continuous gastric feeding, if tolerated, would circumvent this problem.

The composition of enteral feeds for very LBW infants is not ideal at

the present time and electrolyte additions have to be made at the cotside.

With the wide variations in renal function in very LBW infants it seems

unlikely that it will be possible to produoe a milk suitable for all LBW
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The successful nutritional management of the very LBW infant is

extremely complex and requires skills and expertise comparable to those

required for successfully providing adequate ventilatory assistance to

the sick newborn with respiratory problems. The nutritional management

of these smallest infants is an important factor in favour of centralised

care.

Full total.parenteral nutrition is essential for infants unable to

tolerate any enteral feeding for more than a few days; perhaps 7» with

the aims of inducing growth without complications and reintroducing

enteral feeding as soon as it can be tolerated.

The benefits of parenteral nutrition supplements in infants unable

to tolerate their full calorie and protein requirement enterally have been

more difficult to evaluate and demonstrate.

In contrast, parenteral nutrition of the infant with recoverable

surgical gastrointestinal problems is a clinical obligation. The infusion

of nutrients even for short periods of time for administrative convenience

at a rate which exceeds the patients' metabolic capacity cannot be condoned

but improvements in parenteral nutrition technique can only logically follow

their prospective evaluation. There was a clear advantage for the

continuous infusion technique. It is not clear whether the production

of small peaks of substrate levels to mimic meals would confer any growth
I

advantage. Prospective evaluation of the administration of small volumes

of enteral feed to infants receiving TPN in an attempt to stimulate bile

production and prevent cholestatic jaundice is required.

There remain many unresolved problems in the provision of nutrition

to the sick newborn infant which represent an area of fruitful further

research to improve our ability to foster normal growth and development

in the sick newborn infant.
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Appendix (ii) Abbreviations

ADP Adenosine Li-Phosphate
AGA Appropriate for Gestational Age
ATP Adenosine Tri—Phosphate

CI Chloride ion
CPAP Continuous Positive Airways Pressure
CR Continuous Regimen

EBM Expressed Breast Milk .

EDD Expected Date of Delivery
EDTA Ethylene — Diamine — Tetracetic Acid

XEm Emission wavelength
Excitation wavelength

FG French Gauge
F^O^ Fractional Inspired Oxygen
FW Feed Weight

g gram(s)
GOT Glutamate-oxaloacetate transaminase
GPT Glutamate-pyruvate transaminase

3-HBD 3-hydroxybutyrate Dehydrogeanse

IPPV Intermittent Positive Pressure Ventilation
IR Intermittent Regimen

K+ Potassium ion

Ml microlitre(s)
LBW Low Birth Weight
LDH Lactate Dehydrogenase

M Molar
mM Millimolar
MM Micromolar v

Mg Magnesium ion (divalent)
ml millilitre(s)

-f
Na Sodium ion
NAD Nicotine Adenine Dinucleotide (oxidised form)
NADH Nicotine Adenine Dinucleotide (reduced form)
NEC Necrotising Enterocolitis
NG Nasogastric
NJ Nasojejunal
nm nanometres
NS Not significant

OFC Occipitofrontal circumference

Partial pressure of carbon dioxide
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P 0 Partial pressure of oxygen
ci C-

PMT Fhotomultiplier tube

P0^~ Phosphate ion
PVC Polyvinylchloride

r correlation coefficient

SCBU Special Care Baby Unit
SD Standard Deviation
SD Score Standard Deviation Sco;re
SEM Standard Error of the Mean
SGA Small for Gestational Age
SEP Spectrophotofluorometer
SPN Supplementary Parenteral Nutrition

TP Transpyloric (nasojejunal or nasoduodenal)
TPN Total Parenteral Nutrition
TW Test Weight
THE Test Weight Error

JiU microunit(2)

%
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1. Total Parenteral Nutrition

20$ Intralipid

Composition of 1 litre:

Fractionated Soya^-Bean oil 200 g
Fractionated egg lecithin 12 g
Diluted glycerol 25 g

pH 7*5 contains 15 mmoles/l Phosphate
No electrolytes included
2000 cal/litre
Vamin/Glucose

Composition of 1 litre:

L-Ala 3.0 g Glucose 100 g
L-Arg 3.3 g Na+ 50 mM
L-Asp 4.1 g K+ 20 mM
L-Cys 1.4 g Ca** 2.5 mM
L-Glu 9.0 g Mg4"1" 1.5 mM
Gly ' 2.1 g CI 55 mM
L-His 2.4 g
L-Ileu 3.9 g
L-Leu 5«3 g
L-Lys 3.9 g
L-Met 1.9 g
L-Phe 5.5 g
L-Pro 8.1 g
L-Ser 7.5 g
L-Threo 3.0 g
L-Try 1.0 g
L-Tyr 0.5 g
L-Val 4.3 g

Synthetic aminoacid mixture made up from crystalline L-aminoacids

pH 5.2 9*4 g Nitrogen = 60 g protein/litre 65O Cal/litre
Osmolality 1275 mOsn/kg.
Pedel

Composition of 1 ml:

Ca 0.15 mmole

MlC+ 25 Mmole
T~1 • » IFe 0.5 Mmole

Zr£ 0.15 Mmole
Mu 0.25 Mmole
Cu44" 0.075^mole
F~ 0.75 Mmole
I~ 0.01 Mmole

V"
CI

75 Mmole

0.35 Mmole

Electrolyte supplement for addition to Vamin, dose = 4 ml/kg/day.



Solivito

Composition of 0.5 mis

0.12 mg
0.18 mg

1 mg
0.2 mg

1 mg
3 mg
30 Pg
20 Pg
0.2 Pg

Water soluble vitamin supplement for addition to 10% glucose
dose = 0.5 ml/kg/day.
Vitlipid Infant

Composition of 1 ml:

Retinol (Vitamin A)
Calciferol
Phytomenadione
Fractionated soya bean oil
Fractionated egg phosphatides
Glycerol
Water to

Vitamin B^
Vitamin B^
Nicotinamide
Vitamin B^
Pantothenic Acid
Ascorbic Acid
Biotin
Folic Acid
Vitamin B^

100 pg
2.5 Pg (100 units)
50 Pg
100 mg
12 mg
25 mg
1 ml

Fat soluble vitamin supplement for addition to Intralipid
dose = 4 ml/day.
Enteral Feeding

Abidec

0.6 ml contains:

Vitamin A 1200
Vitamin I) 400 units
Vitamin B^
Vitamin B^

1 mg
0.4 mg v.

Vitamin B^
Nicotinamide

0.5 mg
5 mg

Ascorbic Acid 50 mg

Standard dose is 0.6 ml/day.
Mature Human Milk and Cow and Gate Premium Formula

Composition of 100 ml:

Human Milk* Cow & Gate
(mean) Premium

Fat 3.3 g 3.3 g
Protein 1.5 g 1.8 g
Casein 0.4 g 0.6 g

Whey 1.1 g 1.2 g
Carbohydrate 7.0 g 6.9 g



Human Milk*
(mean)

Cow & Gate
Premium

Na+
K
Ca4*
Phosphorus PO.
Calories

* Data from Macy 1949

+ Manufacturer1s Data

0.8 mmoles
1.4 mmoles
0.9 mmoles
0.5 mmoles

62

1.0 mmoles
1.5 mmoles
1.4 mmoles
1.3 mmoles

63
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Total Parenteral Nutrition Infusate Composition
/kg/day

(Full dosage; Day 3 et

Ala 120 mg. Glucose 12.0 g.

Arg 132 mg. Soya bean oil 4.8 g*

Asp 164 mg. Egg lecithin 0.29 g*

Cys 56 mg. Glycerol 0.6 g.

Gly i500 Na+ 2.5 mmoles

His
, 96 mg. K4 2.8 mmoles

lieu 156 mg. Ca44 0.7 mmoles

Leu 212 mg. Mg44 0.16 mmoles
)

Lys 156 mg. Cl~ 4.1 mmoles

Met 76 mg. P°4—- 1.44 mmoles

Phe 220 mg. Fe444 2.0 Mmoles

Pro 324 mg. Zh*4 0.6 Mmoles

Ser 300 mg. Mn44 1.0 Mmoles

Threo 120 rag. Cu44 ' 0.3 Mmoles

Try 40 mg. F~ 3.0 Mmoles

Tyr i50CM I~ 0.04 Mmoles

Val 172 mg.

Glu 360 mg.
V

Thiamine 0.12 mg. Vitamin A 400 Mg.

Riboflavin 0.18 mg. Calciferol 400 U

Nicotinamide 1 mg. » Vitamin 200 Mg.

Biotin 0.03 mg.

Pyridoxine 0.2 mg. Heparin 150 U

Pantothenic acid 1 mg. Water to 150 ml/kg/d
Ascorbic acid 3 mg.

Folic acid 0.02 mg.

Vitamin 0.2 Mg.

* 50/ of esterified fatty acids derived from linoleic acid.



188

REFERENCES

Altman RP, and Randolph JG: (1971)» Application and hazards of TEN
in infants, Annals of Surgery 174. 85—90.

Andrew G, Chan G, Schiff D: (1976), Lipid metabolism in the neonate:
1, effects of Intralipid infusion on plasma triglyceride and
free fatty acid concentrations in the neonate, Journal of
Pediatrics 88, 273-278.

Aperia A, Broberger 0, Thodenius K and Zetterstrom R: (1974)»
Developmental study of the renal response to oral salt load
in preterm infants, Acta Paediatrica Scandinavica £3, 517-524*

Aperia A, Larsson L, Zetterstrom R: (1980), Role of aldosterone for
full development of renal sodium homeostasis. Paper presented
to Neonatal Society February 1980, London. Abstract in press,
Archives of Disease in Childhood.

Asch MJ, Sperling M, Fiser R, Leake R, Moore T, Oh W: (1975)*
Metabolic and hormonal studies comparing parenteral nutrition
regimens in infants, Annals of Surgery 1821 62-65.

Assan R, Tchobroutsky G, Derot M: (1971)» Glucagon radioimmunoassay:
technical problems and recent data, Hormone and Metabolic Research
Supplement 3 1971» 82—90.

Auricchio S: (1977)» Recent advances in paediatric gastroenterology,
Pediatric Research _11_, 997—1005*

Avery GB, Villavicencio 0, Lilly JR, Randolph J: (1968), Intractable
diarrhoea in early infancy, Pediatrics 41, 712-722.

Avery GB: (1976), Analysis of growth failure in sick prematures in
•Intensive Care of the Newborn*, Stern L et al (eds),pp 23-33»
Masson (Pub), New York,1976.

Aynsley-Green A, Baum JD, Alberti KGM, Woods HF: (1974)f Hyperlactataemia
during intravenous feeding in childhood, Archives of Disease in
Childhood 42, 647-653.

v

Aynsley-Green A, Bloom SR, Williamson DH, Turner RC: (1977)» Endocrine
and metabolic response in the human newborn to the first feed of
breast milk, Archives of Disease in Childhood ^2, 291-295*

Barham D and Trinder P: (1972), An improved colour reagent for the
determination of blood glucose by the oxidase system, Analyst 97,
142-145*

Beale EF, Nelson RM, Bucciarelli RL, Donnelly WH, Eitzraan DV: (1979)»
Intrahepatic cholestasis associated with parenteral nutrition in
premature infants, Pediatrics 64, 342-347.

Beddis I and McKenzie S: (1979)» Transpyloric feeding in the very low
birth weight (tinder 1.5 kg) infant, Archives of Disease in
Childhood £4, 213-217*



189

Benda GIM: (19T9)» Modes of feeding low birth weight infants, Seminars in
Perinatology 3, 407-416.

Benda GI and Babson SG: (1971)» Peripheral intravenous alimentation of
the small premature infant, Journal of Pediatrics^} 494-498*

Bergmeyer HU (Ed): (1974)} Methods of Enzymatic Analysis. Second
English edition Academic press, New York, 1974.

Blake AM, Mcintosh N, Reynolds EOR, St. Andrew D: (1975)} Transport of
newborn infants for intensive care, British Medical Journal 4} 13—17*

Boros SJ and Reynolds JW: (1974)} Duodenal perforation, a complication
of neonatal nasojejunal feeding, Journal of Pediatrics 8^, 107—108.

B/rresen HC, Coran AG, Knutrud 0: (1970), Metabolic results of parenteral
feeding in-neonatal surgery, Annals of Surgery 1721 291-301.

Boxall J and Gendle N: (1979)} Measuring and passing a duodenal/jejunal
feeding tube, Nursing Times 1459—1460.

Brans YW, Sumners JE, Dweck HS, Cassady G: (1974)} Feeding the LBW
infant orally or parenterally. Preliminary results of a comparative
study, Pediatrics £4, 15-22.

Brans Y, Sumners J, Dweck H, Penrhyn E, Bailey B, Cassady G: (1976)f
Feeding the low birth weight infant orally or parenterally:
corrected bromide space in parenterally supplemented infants,
Pediatrics £8, 809—815*

Brans YW: (1977)} Parenteral nutrition of the very low birth weight
neonate: a critical view, Clinics in Perinatology 4} 367-376.

Brice J, Hull D, Rutter N: (1980), Methods for reducing water loss in
very low birth weight babies, a comparison of two methods, Paper
read at Neonatal Society, London, February 1980. Abstract in press.
Archives of Disease in Childhood.

Brockman CR, and Krill CE: (1970), Bacterial and fungal infections
complicating parenteral nutrition in infants and children, Journal
of Pediatric Surgery 117-120.

v

Brooke 0G and Barley J: (1978), Loss of energy during continuous infusion
of breast milk, Archives of Disease in Childhood £3, 344-345*

Brown EG and Sweet AY: (1978), Preventing necrotising enterocolitis in
neonates, Journal of the Americal Medical Association 240, 2452-2454*

Budin P: (1900) in Le Nourrison] p65 et seq. Octave Doin (pub), Paris,
1900.

Cashore WJ, Sedaghatian MR, Usher RH: (1975)} Nutritional supplements
with intravenously administered lipid, protein hydrolysate and
glucose in small premature infants, Pediatrics ^6, 8-16.

Catalano JD: (1975)} Cortical cateracts in infants nourished parenterally
(letter), New England Journal of Medicine 292, 1029*

I



Challacombe D: (1974), Bacterial microflora in infants receiving
nasojejunal tube feeding, Journal of Pediatrics 8£, 113.

Chambers TL and Steel AE: (1975), Concentrated milk feeds and their
relation to hypernatraemic dehydration in infants, Archives of
Disease in Childhood ^0, 610—614.

Cheek JA and Staub GP: (1973)> Nasojejunal alimentation for premature
and full term newborn infants, Journal of Pediatrics 82, 955—962.

Chen JW and Wong PWK: (1974), Intestinal complications of nasojejunal
feeding in LBW infants, Journal of Pediatrics 8^, 109-110.

Chiswick ML, Davies P, Bate R, Dryburgh E, Gordon-Nesbitt D: (1979)»
Regional organisation of neonatal intensive care in the North-West,
British Medical Journal 2, 247-250*

Churchill JA: (19^3)» Weight loss in premature infants developing
spastic diplegia, Obstetrics & Gynaecology 22_, 601-605.

Cockburn P: (1976), Intravenous feeding of the newborn, Clinics in
Endocrinology and Metabolism jj_1_, 191-219*

Colarizi P, Picece-Bucci S, Agostino R, Di Tullio P, Iannetti P,
Maffei-Negrin G, Santillo C, Camarda V, Bucci G: (1976), Follow
up studies on newborns given parenteral alimentation with high
glutamate and aspartate content in 'Intensive Care of the Newborn',
Stern L et al (ed), pp 41-49i Masson (pub), New York, 1976.

Combes MA and Pratt EL: (1961), Premature infants and concentrated
feeding (Abstract), American Journal of Diseases in Children 102,
610.

Coran AG: (1973), The long term total intravenous feeding of infants
using peripheral veins, Journal of Pediatric Surgery 8 , 801-805.

Coran AG, Edwards B, Zaleska R: (1974), The value of heparin in the
hyperalimentation of infants and children with fat emulsion, Journal
of Pediatric Surgery _2, 725-732.

Coward WA, Whitehead RG, Sawyer MB, Prentice AA, Evans S: (1979), New
method for estimating milk intake in breast >fed infants, Lancet (ii)
13-14*

Cramp DG: (1968), Automated enzymatic fluorometric methods for the
determination of pyruvic and lactic acids in blood, Journal of
Clinical Pathology 21, 171—176.'

%

Crosse VM: (1957) in 'The Premature Baby', J.A. Churchill (pub),
London, 1957*

Cryer PE, Herman CM, Sode JS: (1971), Carbohydrate metabolism in the
baboon subjected to Gram negative septicaemia, Annals of Surgery 174
91-100.

Culley P, Milan P, Roginski C, Waterhouse J, Wood B: (1979), Are breast
fed babies getting a raw deal in hospital? British Medical Journal
2, 891-193.



191

Dale G, Panter Brick M, Wagget J, Young G: (1976), Plasma aminoacid
changes in the postsurgical newborn during intravenous nutrition
with a synthetic aminoacid solution, Journal of Paediatric
Surgery H, 17-22.

Davies PA and Russell H: (1968), Later progress of 100 infants weighing
1000-2000 g at birth fed immediately with breast milk, Developmental
Medicine and Child Neurology _10, 725-735*

Delia Pietra D, Garguilo V, Tancredi F: (1978), Improved tube for naso—
jejunal feeding in LBW infants, Archives of Disease in Childhood 53«
176-178.

Drash A, Heese D, Brasel JA: (1968),*Clinical material; anthropometric
and. developmental analysis* in Cheek DB (ed), 'Human Growth', Lea,
Febinger (pub), Philadelphia, 1968.

Drew JH, Johnson R, Finocchiaro C, Taylor PS, Goldberg HJ: (1979), A
comparison of nasojejunal with nasogastric feeding in LBW infants,
Australian Paediatric Journal _1^, 98—100.

Drillien CM: (1964), in 'The Growth and Development of the Prematurely
Born Infant', Livingstone, Edinburgh and London, 1964*

Dudrick SJ, W.ilmore DW, Vars HM, Roades JE: (1968), Long term total
parenteral nutrition with growth development and positive nitrogen
balance, Surgery 6£, 134-142.

Dupr€ J, Ross SA, Watson D, Brown JC: (1973), Stimulation of insulin
secretion by gastric inhibitary polypeptide in man, Journal of
Clinical Endocrinology and Metabolism y[, 826-828.

Editorial: Feeding infants of LBW (1979), British Medical Journal _2,
1092-1093.

Engelke SC, Shah BL, Vassan U, Raye JR: (1978), Sodium balance in very
low birth weight infants, Journal of Pediatrics _23, 837—841*

Fanaroff M, Wald M, Gruber HS, Klaus MH: (1972), Insensible water loss in
LBW infants, Pediatrics ^0, 236-245*

Felig P, Polefsky T, Karliss E, Cahill GF: (1970)', Alanine, role in
gluconeogenesis, Science 167, 1003—1007*

Felig P (1973), Maternal and fetal fuel homeostasis in human pregnancy,
Americal Journal of Clinical Nutrition 26, 998-1005.

%

Fernandes CT, Mann MD, Wolfsdorf J: (1976), Complications of nasojejunal
tube feedings, South African Medical Journal ^0, 177—178.

Filler RM, Eraklis AJ, Rubin VG, Das JB: (1969), Long term total
parenteral nutrition in infants, New England Journal of Medicine 281,
589-594*

Filler RM: (1974)(1), Results in surgical neonates in 'Intravenous
Nutrition of the High Risk Infant' , Winters RW, Hasselmeyer EG
(eds), pp 103-112, Wiley (pub), New York, 1974*



192

Filler RM: (1974)(2), In discussion following the paper of Coran et al
(1974)i Journal of Pediatric Surgery 2» 731 •

Fitzhardinge PM: (1975)» Early growth and development in the lowhirth
weight infant following treatment in an intensive care nursery,
Pediatrics J^6, 162—172.

Fogle RS, Smith WL, Gresham EL: (1978), Perforation of a feeding tube into
the right renal pelvis, Journal of Pediatrics _21» 122—124.

Fox HA and Krasna IH: (1973), Total intravenous nutrition by peripheral
vein in neonatal surgical patients, Pediatrics ^2, 14—20.

Friedman Z, Danon A, Stahlman M, Oates J: (197^)(1), Rapid onset of
essential fatty acid deficiency in the newborn, Pediatrics 58,
640-649.

Friedman Z, Shochat S, Maisels J, Marks K, Lamberth E: (1976)(2),
Correction of essential fatty acid deficiency in newborn infants
by application of sunflower seed oil, Pediatrics _^8, 650-654.

Gaisford W and Schofield S: (1950), Prolongation of the initial starvation
period in premature infants, British Medical Journal _1_, 1404-1405.

Goldman HI, Freudenthal R, Holland B, Karelitz S: (1969)» Clinical
effects of two different levels of protein intake in LBW infants,
Journal of Pediatrics 881-889.

Goldman HI, Goldman JS, Kaufmann I, Liebman OB: (1973) » Late effects of
early dietary protein intake in low birth weight infants, Pediatric
Research 418—425.

Goldman SL and Hirata T: (1980), Attenuated response to insulin in very
low birth weight infants, Pediatric Research _1_4, 50-53.

Gregory J, Hey E: (1972), Blood neutrophil response to bacterial
infection in the first month of life, Archives of Disease in
Childhood 747-753.

Gunn T: Reaman G, Outerbridge EW, Colle E: (1978), Peripheral and total
parenteral nutrition for premature infants with respiratory distress
syndrome: a controlled study, Journal of Pediatrics 22, 606-613.

Gustavson A, Kjellmer I, Olegard R, Victorin L: (1972), Nutrition of
LBW infants, 1, intravenous injection of fat emulsion, Acta
Paediatrica Scandinavica j5l_, 149—158.

i

Gustavson A, Kjellmer I, Olegard R, Victorin L: (1974)9 Nutrition of
LBV/ infants, 2, repeated intravenous injections of fat emulsion,
Acta Paediatrica Scandinavica _63, 177—182•

Gutman LT, Idriss ZH, Gehlbach S, Blackmon L: (1976), Neonatal staphylococcal
enterocolitis; association with indwelling feeding catheters and
staph, aureus colonisation, Journal of Pediatrics 88, 836-839.

Hamosh M, Sivasubrananian KN, Salzman-Mann C, Hamosh P: (1978), Fat
digestion in the stomach of premature infants, Journal of Pediatrics
.23, 674-679.



193

Harries JT: (1971)» Intravenous feeding in infants, Archives of Disease
in Childhood ^6, 855-863.

Harper AE: (1964)» Aminoacid toxicities and imbalances in 'Mammalian
Protein Metabolism' Ed. Munro HN, Alison JB, Vol 2, pp 87—134,
Academic Press, New York, 1964®

Hayhurst EG and Wyman M: (1975)* Morbidity associated with prolonged
use of PVC feeding tubes, American Journal of Diseases in Children
129, 72-74.

Heird WC, Dell RB, Driscoll JM, Grebin B, Winters RW: (1972), Metabolic
acidosis resulting from intravenous alimentation mixtures containing
synthetic aminoacids, New England Journal of Medicine 287. 943-948.

Heird WC: (1974)* Nasojejunal feeding, a commentary, Journal of Pediatrics
8£, 111-112.

Heird WC, Rassin D, Gaull GE: (1977)» Effect of total parenteral
nutrition on plasma and tissue aminoacids (Abstract), Pediatric
Research _11_, 1028.

Higgs SC, Malan AF, Heese H de V: (1974)1 A comparison of oral feeding
and total parenteral nutrition in infants of very low birth weight,
South African Medical Journal 2169-2173.

Hill DW: (1917)i Clinical Lectures in Infant Feeding, Saunders (pub),
Philadelphia, 1917*

Honour JW, Valman HB, Shackelton CHL: (1977)? Aldosterone and sodium
homeostasis in preterm infants, Acta Paediatrica Scandinavica 66,
103-109.

Hyde J: (1978), Transpyloric feeding in the newborn, British Journal of
Hospital Medicine _1^, 618-622.

Jolly H: (1975) in 'Book of Child Care', p88, George Allen and Unwin
(pub) London, 1975.

Kalhan FC, D'Angelo LJ, Savin SM, Adam PHA: (1979)» Glucose production
in the pregnant female at term gestation: sources of glucose for
the human fetus, Journal of Clinical Investigation 63, 388—394.

Karpel JJ and Peden VH: (1972), Copper deficiency in long term parenteral
nutrition, Journal of Pediatrics £30, 32-36.

Kattwinkel J: (1977), Neonatal apnoea, pathogenesis and therapy, Journal
of Pediatrics J^O, 342-347*

Katz L and Hamilton JR: (1974), Fat absorption in infants of birth weight
less than 1300 g, Journal of Pediatrics 85., 608—614.

Keating JP: (1974), Parenteral nutrition in infants with malabsorption
in 'Intravenous Nutrition in the High Risk Infant', Winters RW
and Hasselmeyer EG (eds), pp 117-125, Wiley (pub), New York, 1974.

Kerner JA and Sunshine P: (1979), Parenteral alimentation, Seminars in
Perinatology 3, 417-434.



194

Koga Y, Swanson VL, Hays DM: (1975)» Hepatic intravenous fat pigments in
infants and children receiving lipid emulsions, Journal of Pediatric
Surgery _10, 641-646.

Landwirth J: (1974), Continuous nasogastric infusion feedings of infants
of low birth weight, Clinical Pediatrics 603-608.

Laurrell S and Tibbling G: (1966), An enzymatic fluorometric micromethod
for the determination of glycerol, Clinica Chemica Acta ^3, 317—319-

Leake RD: (1977)t Perinatal nephrobiology: a developmental perspective,
Clinics in Perinatology 321-351*

Lilien L, Rosenfield R, Baccaro M, Pildes R: (1979)» Hyperglycaemia in
stressed small premature infants, Journal of Pediatrics _24 , 454-^459*

Lindblad BS, Settergren G, Peychting H, Persson B: (1977)* Total parenteral
nutrition in infants. Blood levels of glucose, lactate, pyruvate
PFA, glycerol, 3-hydroxybutyrate, triglycerides, free aminoacids
and insulin, Acta Paediatrica Scandinavica 66, 409-419*

Loo SWH, Gross I, Warshaw J: (1974)» Improved method of nasojejunal feeding
in LBW infants, Journal of Pediatrics 8^, 104—106.

Lowry OH and Passonneau JV: (1972), in 'A Flexible System of Enzymatic
Analysis', Academic Press, London, 1972.

Lucas A, Bloom SR, Aynsley-Green A: (1978)» Metabolic and endocrine
events at the time of the first feed of human milk in preterm and
term infants, Archives of Disease in Childhood (1978) .53.1 731—736.

Lucas A, Lucas PJ, Baum JD: (1979)» Pattern of milk flow in breast fed
infants, Lancet (ii), 57—59*

Macy IG: (1949)» Composition of human colostrum and milk, American Journal
of Diseases in Children 589-603.

Mammunes P, Prince EE, Thornton NH, Hunt P, Hitchcock ES: (1976),
Intellectual deficits after transient neonatal tyrosinaemia in term
neonates, Pediatrics 57* 675-680.

Mellanby J and Williamson DH: (1974)» Spectrophotometric method for the
determination of acetoacetate in 'Methods of Enzymatic Analysis',
Bergmeyer HU (ed), pp 1840-1843| Academic Press, New York, 1974*

Menkes JH, Welcher DW, Levi HS, Dallas J, Coretsky NE: (1972), Relationships
of elevated blood tyrosine to the ultimate intellectual performance
of premature infants, Pediatrics ^2, 219-223.

Mestyan J and Rubecz I: (1973), The metabolic pattern of premature infants
receiving aminosol glucose infusion, Acta Paediatrica Academiae
Scientiariura Hungaricae 319-328.

Mestyan J, Rubecz I, Soltesz G: (1976), Changes in blood glucose, free
fatty acids and aminoacids in LBW infants receiving intravenous
fat emulsion, Biology of the Neonate _^0, 74-79*

Michajlik A, Brandon JH: (i960), Effects of intravenous heparin on
oxidation of fat, Journal of Lipid Research _1, 164—166.



Michie DD and Wirth PH: (1978), Plasma Zinc levels in premature infants
receiving parenteral nutrition, Journal of Pediatrics jj2, 798-800.

Minoli I, Moro G, Ovadia MP: (1978), Nasoduodenal feeding in high risk
newborns, Acta Paediatrica Scandinavica 6j, 161-168.

Minoli I and Moro G: (1979)* Mechanical complications of transpyloric
feeding (letter), Journal of Pediatrics _24, 847*

Naish PC: (1948), in 'Breast Feeding - a Guide to Natural Feeding of
Infants', Oxford University Press, 1948.

Nellhaus G: (1968), Head circumference from birth to 18 years, Pediatrics
41, 106-114.

Newsholme EA and Start C: (1973), in 'Regulation in Metabolism', Wiley
(pub), London,. Chapter 6, pp 273-275*

Okken A, Jonxis HP, Rispens P, Zijlstra WG: (1979), Insensible water loss
and metabolic rate in LBW newborns, Pediatric Research L^, 1072-1075

Olegard R, Gustavson A, Kjellmer I, Victorin L: (1975) 1 Nutrition of LBW
infants: 3, lipolysis and free fatty acid elimination after
intravenous administration of fat emulsion, Acta Paediatrica
Scandinavica 64, 745-751*

Olsen C: (1971), An enzymatic fluorometric micromethod for the
determination of acetoacetate, 3-hydroxybutyrate, pyruvate and
lactate, Clinica Chimica Acta .33, 293—300.

Passonneau JV: (1974), Fluorometric method for determination of L(+)
lactate in 'Methods of Enzymatic Analysis', Bergmeyer HU (ed),
pp 1468-1472, Academic Press, New York, 1974*

Passonneau JV and Lowry OH: (1974), Pluorometric micromethod for the
determination of pyruvate in 'Methods of Enzymatic Analysis',
Bergmeyer HU (ed), pp 1452-1456, Academic Press, New York, 1974*

Patel BD, Dinwiddie R, Kumar SP, Pox WW: (1977)» The effects of feeding
on arterial blood gases and lung mechanics in newborn infants
recovering from respiratory diseases, Journal of Pediatrics 90«
435-438.

Peden VH, Witgleben CL, Skelton, MA: (1971), Total parenteral nutrition
(letter), Journal of Pediatrics J8_, 180—181.

Peden VH and Karpel JT: (1972), Total parenteral nutrition in premature
infants, Journal of Pediatrics _8l, 137-144*

Perez-Rodrigues J, Onero J, Onero J, Friar EG, Omenaca P: (1978),
Duodenorenal perforation in a neonate by a tube of silicone rubber
during transpyloric feeding, Journal of Pediatrics^, 113-114.

Persson B: (1970), Determination of plasma acetoacetate and 3-hydroxy—
butyrate in newborn infants by an enzymatic fluorometric micromethod
Scandinavian Journal of Clinical and Laboratory Investigation,
25, 9-12.



196

Pitcher-Wilmott R, Shutack JG, Pox WW: (1979)» Decreased lung volume after
nasogastric feeding in neonates recovering from respiratory distress
syndrome, Journal of Pediatrics 25.1 119-121.

Rabinowitch A and Dupre J: (1976), Effects of the gastric inhibitary
polypeptide present in impure pancreozymin-cholecystokinin on
plasma insulin and glucagon in the rat, Endocrinology 94« 1139—
1144.

Raiha N, Rassin D, Heinonen K, Gaull G: (1975), Milk protein quality and
quantity, biochemical and. growth effects in low birth weight infants,
Pediatric Research j}, 370—385.

Reynolds EOR: (1975), Management of hyaline membrane disease, British
Medical Bulletin 31_, 18-24.

Rhaney K and McGregor AR: (1948), Pneumonia in the newborn resulting
from inhalation of gastric contents, Archives of Disease in
Childhood 23, 254-257.

Rhea JW, Graham AW, Akhnoukh P, Parthew CT: (1967), Effect of hyperbaric
oxygen on neonatal tetanus, Journal of Pediatrics 33—38.

Rhea JW and Kilby JO: (1970), A nasojejunal tube for infant feeding,
Pediatrics 46, 36-40.

Rhea JW, Ghazzawi 0, Weidman W: (1973), Nasojejunal feeding; an improved
device and intubation technique, Journal of Pediatrics 82, 951—954.

Rhea JW, Ahmad MS, Mange MS: (1975), Nasojejunal (transpyloric) feeding;
a commentary, Journal of Pediatrics 86, 451-452.

Rithalia SVS and Tinker J: (1978), Automatic infusion devices, British
Journal of Clinical Equipment 3, 163-171.

Rodgers BM: (1976), Cholestasis in infancy, Gastroenterology 71. 710-711.

Rodgers BM, Hollenbeck JI, Donnelly WH, Talbert JL: (1976), Intrahepatic
cholestasis with parenteral alimentation, American Journal of
Surgery 131. 149-155*

Ross B, Gowett RM, Oh W: (1977), Renal functionsvof low birth weight infants
during the first two months of life, Pediatric Research 1_1, 1162-1164.

Roy RN, Pollnitz RP, Hamilton JR, Chance G: (1977), Impaired assimilation
of nasojejunal feeds in healthy LBW infants, Journal of Pediatrics
20, 431-434.

Rubecz I and Mestyan J: (1973), The effect of infusion of aminosol glucose
on the acid base balance of LBW infants, Acta Paediatrica Academiae
Scientiarium Hungaricae _1_4» 309-318.

Rubecz I,Me*tyaii J, Soltesz G, Horvath M: (1974), Metabolic and hormonal
effects of alternate infusion of hypertonic glucose and aminosol
glucose in premature infants, Acta Paediatrica Academiae
Scientiarium Hungaricae 15 > 301—321.



197

Rubecz I and Mestyan J: (1975)(1)» The partition of maintenance energy
expenditure and the pattern of substrate utilisation in intrauterine
malnourished newborn infants before and during recovery, Acta
Paediatrica Academiae Scientiarium Hungaricae _16, 335-351*

Rubecz I and Mestyan J: (1975)(2)f Activity energy metabolism and post
natal age relationship in LBW infants, Acta Paediatrica Academiae
Scientiarium Hungaricae J_6, 351-357*

Rubecz I and Mestyan J: (1976), Energy metabolism and intravenous nutrition
of premature infants, Biology of the Neonate 2S0, 66—73*

Rubecz I, Meslyan J, Horvath M, Schultz Kr (197^)(1), The elimination of
free fatty acids, free glycerol and triglycerides from the plasma
of LBW infants receiving intravenous fat emulsion and glucose,
Acta Paediatrica Academiae Scientiarium Hungaricae _1_J, 65—71*

Rubecz I, Meslyan J, Horvath M, Schultz K: (1976)(2), Acid-base status and
urinary hydrogen ion excretion pattern in LBW infants receiving
intravenous fat emulsion and glucose, Acta Paediatrica Academiae
Scientiarium Hungaricae 73-79*

Sands J, Dobbing J, Gratrix C: (1979)» Cell numbers and cell size: organ
growth and development and the control of catch up growth in rats,
Lancet (ii), 503-5Q5*

Sarin L, Ruitton A, Mathieu M, Bourgeois J, Genoud J: (1978), Effect of
intravenous L—alanine administration on plasma glucose, insulin,
glucagon and blood pyruvate, lactate, 3—hydroxybutyrate in newborn
infants, Acta Paediatrica Scandinavica 6%, 297-302.

Schaff-Blass E. Kuhns LR, Wyman ML: (1976)-, Gastric air insufflation as
an aid to placement of oroduodenal tubes, Journal of Pediatrics 89«
954-955*

Schreiner RL, Eitzen H, Gfell MA, Kress S, Gresham EL, French M, Moye L:
(1979)t Environmental contamination of continuous drip feedings,
Pediatrics 63, 232—237*

Seashore JH and Seashore MH: (1976), Protein requirements in infants
receiving total parenteral nutrition, Journal of Pediatric Surgery
H, 645-652. v

Shaw JCL: (1973), Parenteral nutrition in the management of sick LBW
infants, Pediatric Clinics of North America 20, 333-348*

Siegel SR, Oh W: (1976), Renal4function as a marker of human fetal
maturation, Acta Paediatrica Scandinavica 65., 481-485*

Siegle RL, Rabinowitz JG, Sarasohn C: (1976), Intestinal perforations
secondary to nasojejunal feeding tubes, American Journal of
Roentgenology 126, 1229-1232.

Smallpiece V and Davies PA: (1964), Immediate feeding of premature infants
with undiluted breast milk, Lancet (ii), 1349-1356.

Smith BAM: (1974), Feeding overstrength cow' milk to babies, British
Medical Journal 4., 741-745*



198

Smith CA: (1957), Reasons for delaying the feeding of premature infants,
Annales Paediatriae Fenniae _3, 261-264.

Snyderman SE, Holt LE, Norton PM, Roitman E, Phansalkar SV: (1968),
The plasma aminogram: Influence of the level of protein intake
and a comparison of whole protein and aminoacids, Pediatric
Research 2, 131-144*

Synderman SE, Boyer A, Kogut MD, Holt LE: (19^9)» Protein requirement of
the premature infant, the effect of protein intake on the retention
of nitrogen, Journal of Pediatrics 872-880.

Stegink LD, Baker GL: (1971)» Infusion of protein hydrolysates in the
newborn infant: plasma aminoacid concentrations, Journal of
Pediatrics J8, 595—802.

Sulyok E, Varga F, .Gyorgy E, Jobst K, Csaba IF: (1980), On the mechanism
of renal sodium handling in newborn infants, Biology of the Neonate
31, 75-79.

Sun SC, Samuels S, Lee J, Marquis JR: (1975), Duodenal perforation, a
rare complication of neonatal nasojejunal tube feedings, Pediatrics
H, 371-375.

Swyer PR: (1975), in 'Intensive Care of the Newly Born', S. Karger (pub),
Basle (1975).

Tanner JM, Whitehouse RH, Takaishi M: (1966), Standards from birth to
maturity of height, weight, height velocity and weight velocity
of British children, Archives of Disease in childhood 41, 454-471,
613-635.

Tashiro T, Ogata H, Yokoyama H, Mashima Y,Itoh K: (1976), The effect of
fat emulsion (intralipid) on essential fatty acid deficiency in
infants receiving intravenous alimentation, Journal of Pediatric
Surgery J_1, 505-515.

Touloukian RJ, Downing SE: (1973), Cholestasis associated with long term
parenteral hyperalimentation, Archives of Surgery 106, 58—62.

Touloukian RJ: (1975), Isosmolar coma during parenteral alimentation with
protein hydrolysate at 4 g/kg/d, Journal of Pediatrics 86, 270-273.

Touloukian RJ and Seashore JH: (1975), Hepatic secretary obstruction with
total parenteral nutrition in the infant, Journal of Pediatric
Surgery J_0, 353-360.

Turner DS, Ethelridge L, Jones'j, Marks V, Meldrum B, Bloom SR, Brown
JC: (1974), The effect of intestinal polypeptide, IRP, and GIP on
insulin release and glucose tolerance in the baboon, Clinical
Endocrinology _3, 489-^493.

Uauy R, Lou SW, Gross I, Warshaw JB: (1975), Nasojejunal feeding of the
small premature infant, a controlled trial (Abstract), Pediatric
Research _2, 309.

Usher RH, McLean F: (1969)» Intrauterine growth and liveborn Caucasian
infants at sea level, Journal of Pediatrics 901—910.



Usher RH and. McLean F; (1974)» Normal fetal growth and the significance
of fetal growth retardation in Davis JA and Dobbing J (eds)
•Scientific Foundations of Paediatrics', Heinemann (pub), London,
1974.

Valman HB, Heath CD, Brown RJK: (1972), Continuous intragastric milk
feeds in infants of low birth weight, British Medical Journal _3,
547-550.

Van Caillie M and Powell GK: (1975)» Nasoduodenal versus nasogastric
feeding in the very low birth weight infant, Pediatrics ^6, 1065—
1072.

Waller H: (1920), in 'Clinical Studies in Lactation', p23, Heinemann (pub)
London, 1920.

Wells DH and Zachmann RD: (1975)» Nasojejunal feedings in low birth
weight infants, Journal of Pediatrics 82, 276—279.

Whitfield KF: (1980), Equipment for continuous inflation pressure in the
newborn, British Journal of Clinical Equipment 64-70.

Widdowson EM and McCance RA: (1963), The effect of finite periods of
under-nutrition at different ages on the composition and subsequent
development of the rat, Proceedings of Royal Society, B 188. 329—342.

Wieland 0: (1974)j Spectrophotmetric method for the determination of
glycerol in 'Methods of Enzymatic Analysis', Bergmeyer HU (ed),
pp 1404-1409, Academic Press, New York, 1974.

Williams PR, Fiser RH, Sperling MA, Oh W: (1975)1 Effects of oral alanine
feeding on blood glucose, plasma glucagon and insulin concentrations
in SGA infants, New England Journal of Medicine 292. 612-614.

Williamson DH: (1974) j Spectrophotometry method for the determination of
L-alanine in 'Methods of Enzymatic Analysis', Bergmeyer HU (ed),
PP 1679-1682, Academic Press, New York, 1974.

Williamson DH and Mellanby J: (1974), Spectrophotometry method for the
determination of 3-hydroxybutyrate in 'Methods of Enzymatic Analysis'
Bergmeyer HU (ed), pp 1836—1839» Academic Press, New York, 1974.

v

Wilmore DW and Dudrick SJ: (1968), Growth and development of an infant
receiving all nutrients exclusively by vein, Journal of American
Medical Association 203. .860—869.

Winick M and Noble A: (1965)1 Quantitative changes in MA, RNA and protein
during prenatal and postnatal growth in the rat, Developmental
Biology 22., 451-466.

Winick M and Noble A: (1966), Cellular response in the rat during
malnutrition at various stages, Journal of Nutrition 8^, 300—307.

Winick M and Rosso P: (1969)y The effect of severe early malnutrition on
cellular growth of the human brain, Pediatric Research 3, 181-184.

Winters RW: (1975)» Total Parenteral Nutrition in Pediatrics, The Borden
Award Address, Pediatrics _5_6, 17-23.



Wolfsdorf J» Makarawa Sf Fernand.es C, Fenner A: (1975)» Transpyloric
feeding in small preterm infants, Archives of Disease in Childhood,
50, 723-726.

Wong PWK, Justice P: (1972), Effect of aminoacid imbalance on polyribosome
profiles and protein synthesis in fetal cerebral cortex in 'Advances
in Experimental Medicine and Biology', Eds. Volk BW, Aronson SM,
pp 163—174, Plenum Press, New York, 1972.

Xanthon M: (1972), Leukocyte blood picture in ill newborn infants,
Archives of Disease in Childhood _££, 741-746.

Yu VY: (1976), Cardiorespiratory response to feeding in newborn infants,
Archives of Disease in Childhood 51» 305—309.

Yu VY and Rolfe P: (1976), Effect of feeding on ventilation and respiratory
mechanics in newborn infants, Archives of Disease in Childhood 51«
310-313.

Yu VY, James B, Hendry P. McMahon RA: (1979)» Total parenteral nutrition
in very low birthweight infants, a controlled trial, Archives of
Disease in Childhood 653-661.

Zarif M, Pildes R, Szanto P, Vidyasagar D: (1976), Cholestasis associated
with administration of L—aminoacids and. dextrose solutions, Biology
of the Neonate 2%, 66—76.

Ziegler EE and Fomon SJ: (1971), Fluid intake, renal solute load and
water balance in infancy, Journal of Pediatrics J8, 561—568.


