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Early parenteral feeding of amino acids
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SUMMARY Serial 24 hour balance studies of nitrogen and energy were carried out over 10 days in
two groups of ventilator dependent preterm infants of comparable weight and gestational age. In
one group (n= 10) a parenteral amino acid source (Vamin 9) was started within 24 hours of birth,
and in the other group (n=11) it was not started until 72 hours. The feeding protocol was

otherwise identical. The nitrogen intake (286 compared with 21 mg/kg/day), energy intake (188
compared with 151 kJ), and nitrogen retention (120 compared with -133 mg/kg/day), were all
significantly higher during the first three days of life in the group in which the amino acid solution
was started early. There were no differences by 7-10 days. The early introduction of amino acids
improves the early nutritional state of sick preterm infants.

Infants of less than 30 weeks' gestation are born at a
time of otherwise rapid intrauterine brain and body
growth. Unfed, these babies have limited energy
reserves1 and the rapid establishment of postnatal
nutrition is essential if they are to survive intact.2 A
fetus of comparable postconceptional age is a good
nutritional model for the preterm infant.3 Using this
model, nitrogen retention of about 320 mg/kg/day
would be needed for the preterm infant of 24-34
weeks' postconceptional age (E Widdowson, per-
sonal communication).4 Paienteral feeding with a
nitrogen solution from birth would thus seem
appropriate if this target is to be achieved and if
early negative nitrogen balance is to be avoided.
Because of concerns about fibrin and casein

hydrolysate protein solutions, many neonatal units
continue to delay the introduction of an amino acid
solution for several days after birth, as older
solutions were associated with various metabolic
complications including hyperammonaemia5 and
acidosis.6 The more recent crystalline amino acid
solutions have been modified to reduce these risks.
Preterm infants, particularly if they are unwell,

are likely to require nutrients and energy in the
immediate transitional period after birth at rates at
least similar to those available in the uterus. We
aimed to find out if there was any increase in overall
nitrogen retention and energy intake in sick infants
of low birthweight who were ventilator dependent
and who were given amino acids intravenously from
birth.

Patients and methods

Ventilator dependent preterm infants of less than 30
weeks' gestation were entered sequentially on
admission to the neonatal intensive care unit into
one of two intravenous feeding regimen groups.
Those in group E (early) were given intravenous
glucose and nitrogen (as Vamin 9, KabiVitrum),
within 24 hours of birth, while group L (late)
initially received intravenous glucose alone, and
nitrogen only after 72 hours of life. The nitrogen
delivery rate in both groups was increased progres-
sively over three days from 1 g/kg/day to a maximum
of 3 g/kg/day. Intravenous fat (Intralipid, Kabi-
Vitrum) was introduced to both regimens at 7 days
postnatal age. The infants continued to receive
intravenous nutrition (based on standard clinical
criteria) until oral feeding could safely be established.
The feeding regimens of the two groups differed
only in the time of introduction of amino acids. The
vitamin intakes (for example, ascorbic acid) were
similar in both groups. A computer based protocol
was used for the prescription of parenteral solutions.
The criteria for inclusion in the study were that

the infants completed serial 24 hour balance studies
of nitrogen and energy over the first 10 days of life,
and that at least 75% of their nitrogen and energy
was delivered intravenously. Thirty two infants were
initially recruited: 17 in group E and 15 in group L.
One infant in group E and two in group L died
within 72 hours of age; enteral feeding was estab-
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lished in the first few days in two infants in each
group, and in four infants (three in group E and one
in group L) urine collections were incomplete.
Eleven infants in group E and 10 in group L
therefore met all the study criteria for analysis.

Six of the 11 infants in group E had periods (up to
48 hours) when they could not receive protein
solution-two on days 4 and 5 because of precipita-
tion of the solution as a result of over prescription of
calcium and phosphate; one on day 2, a second on
day 3, and a third on day 5 because of pronounced
hyperglycaemia and presumed infection; and the
sixth infant for 48 hours on day 4 because of
conjugated hyperbilirubinaemia. Two infants in
group L did not receive protein for 24 hour
periods-one on day 5 and one on day 6-because
of precipitation of the solution.

All infants required intensive medical and nursing
care support as defined by the British Paediatric
Association criteria.7 All infants were initially de-
pendent on ventilators. Four of 11 in group E and
two of 10 in group L developed pneumothoraces,
one infant in each group developed post haemor-
rhagic hydrocephalus, two in each group developed
metabolic acidosis (pH less than 7.20), four of 11 in
group E and two of 10 in group L had a clinically
important patent ductus arteriosus, and one of 11
and three of 10, respectively, developed systemic
infection.

Serial metabolic balance studies of nitrogen and
energy were carried out for 10 days. Timed 24 hour
collections of urine and faeces were made; traditional
markers could not be used because there was
initially no enteral intake. Urine was collected from
an attached bag with any leakage collected on
preweighed disposable nappies, and faeces were
collected into disposable one way nappy liners. Each
24 hour aliquot of urine and faeces was stored at
-20°C until analysis. Nitrogen and energy content
was analysed by Kjeldahl's technique adapted for
small volumes, and ballistic bomb calorimetry,
respectively.
Each infant was nursed in a conventional incuba-

tor in a thermoneutral environment during the
study period. Fluid volume management was
according to standard clinical practice. A record was
kept of each 24 hours' (from the start of urine col-
lection) parenteral and enteral nitrogen and energy
intake.
Random assay checks of nitrogen and energy

content of the parenteral solutions and milk feed
given in the same 24 hour period were carried out to
confirm data supplied by the pharmacy and the milk
producer. Nude body weight was recorded daily on
an electronic scale accurate to 0-5 g. Crown-heel
length using a measuring board accurate to 0-5 mm
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and occipitofrontal head circumference were re-
corded weekly by a single observer (JS).
Blood was taken daily for routine electrolytes and

biochemical analysis, and for plasma amino acids
profiles on day 5 of the study. Amino acid analysis
was by high performance liquid chromatography of
orthophthalaldehyde derivatives of amino acids.
Protein was removed from plasma with sulphasalicy-
lic acid, adjusted to pH 9*5, and the amino acids
reacted with orthophthalaldehyde. The resulting
derivatives were separated by gradient high per-
formance liquid chromatography on a reversed
phase C18 column and detected fluorimetrically.
The method has been extensively validated against
other methods of analysis and gives reliable results
(DA Reaveley, unpublished observations).

Statistical analysis was by the unpaired Student's t
test and linear regression analysis, and the study was
approved by the hospital ethics committee.

Results

At the time of entry to the study the two groups
differed significantly only in the time of introduction
of amino acids (p<0-001) (table 1). At 10 days,
seven infants in group E were still ventilator and
oxygen dependent, while 10 in group L were
ventilator dependent and eight oxygen dependent.
The nitrogen and energy content of the parenteral

solutions supplied by the pharmacy and any enteral
milks used were within 2% of the amount that we
intended.
The mean (SEM) 24 hour nitrogen retention for

each infant over the study period is shown in fig 1.
The nitrogen retention differed between the two
groups in the first 72 hours of life (p<0001). All
infants in group E were in positive nitrogen balance
throughout the study period with an overall mean
(SEM) nitrogen retention of 122 (18) mg/kg/day. All
infants in group L were in negative nitrogen balance
during the first 72 hours of life with a mean (SEM)

Table 1 Comparability of the two groups. Figures are
mean (SEM)

Parenteral amino acid solution given

Within 24 h At 72 h p
(n=11) (n=1O) Value

Male:female 9:2 6:4
Gestation (weeks) 28 (1) 28 (1) NS
Birth weight (g) 1087 (95) 990 (78) NS
Age of introduction of
amino acids (hours) 23 (1) 78 (4) <0-001

Supine length (cm) 36 (4) 36 (3) NS
Head circumference (cm) 26 (2) 25 (2) NS
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Fig 1 Mean 24 hour nitrogen retention (mglkgld) for the
two groups over the 10 day study period. Bars indicate
SEM. Significant differences were recorded at days 1, 2, and
3 (p<0001). In the 'early group' the amino acid solution
was given within 24 hours and in the 'late group' it was given
at 72 hours.

negative balance of -133 (23) mg/kg/day, compared
with group E who retained 120 (6) mg/kg/day. After
day 3 there was no difference in nitrogen retention
between the two groups.
The total input and output balances over 10 days

of intravenous and enteral intake and urine and
faecal output are shown in table 2. There was no
difference in fluid intake between the groups. In
both groups a lower fluid intake was recorded in the
first 24 hours of life compared with the remaining
study period. The maximum mean (SEM) fluid
intake in both groups was at 7 days postnatal age,
being 149 (8) ml/kg/day in group E and 148 (8)
ml/kg/day in group L. The mean percentage enteral
energy intake of total energy intake at 10 days of age
was 18% in group E and 24% in group L. There was
no difference in the maximum mean (SEM) re-
corded urine outputs (both on day 5) of 111 (10)
ml/kg/day, and 110 (13) ml/kg/day, in groups E and

Table 2 Daily intake and output during the 10 day study
period. Figures are mean (SEM)

Parenteral amino acid solution given

Within 24 h At 72 h
(n=1O) (n=ll)

Total fluid intake (ml/kg/d) 126 (8) 126 (8)
Enteral intake (mV/kg/d) 9 (3) 11 (4)
Urine output (mVkg/d) 85 (5) 97 (3)
Faecal output (g/kg/d) 0-5 (0-1) 0-7 (0.3)

There were no significant differences between the groups.

Table 3 Daily energy and nitrogen intakes given as mean
(SEM), and energy:protein ratio (%) in the two groups

Days Parenteral amino acid solution
given

Within At 72 h p Value
24 h (n=1O)
(n=1l)

Energy (kJ/kg/d) 1-3 188 (13) 151 (4) 0-001
4-6 264 (13) 268 (13) NS
7-9 297 (13) 330 (17) 0.05

Nitrogen (mg/kg/d) 1-3 286 (15) 21 (6) 0-001
4-6 286 (50) 232 (19) NS
7-9 412 (34) 423 (24) NS

Energy:protein ratio
(%) 1-3 17 1*

4-6 12 10
7-9 15 13

*Refers to day 3 only.
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Fig 2 Energy intake (kJlkgld) and nitrogen retention
(mglkgld) for the group in which the amino acid solution
was given within 24 hours (above) (r=0-35, p<0001), and
for that in which it was given at 72 hours (below) (r=0-66,
p<0001). Each point represents a 24 hour balance period.
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L, respectively. Faecal output was less than
0-7 g/kg/day in both groups throughout the study.
The mean daily nitrogen (mg/kg/day) and energy

(kJ/kg/day) intake expressed in 72 hour periods is
given in table 3. Nitrogen and energy intake was
greater in group E in the first 72 hours (p<0001);
mean energy intake was greater in group L at 7-9
days (p<0.05). In group L protein intake contri-
buted less than 2% of the overall energy intake in
the first 72 hours. Otherwise the protein:energy
ratio was greater than 10% in both groups through-
out the study (table 3).
The association between mean daily nitrogen

retention (mg/kg/day) and energy intake (kJ/kg/day)
is shown in fig 2; there was. a positive correlation
in both groups (r=0-35, p<0.001 in group E;
r=0-66, p<0-001 in group L). There was a wide
range of nitrogen retention for individual infants at
any given energy intake. Energy intakes of greater
than 418 kJ/kg/day were achieved in only seven 24
hour balance periods, one in group E, and six in
group L. The percentage of total nitrogen intake
retained on days 1-3, 4-6, and 7-9 postnatal age was
42, 18, and 60% in group E, and 0, 22, and 51% in
group L, respectively.
The increases in length, occipitofrontal head

circumference, and total change in body weight
were similar in both groups. Overall weight change
was not significantly different in either group (table
4). Group E had regained 95% and group L 93% of
their birth weights by 10 days of age. The age of
maximum weight loss was day 6 postnatal age in
group E, with 10% loss from birth weight, and day 7
in group L with 12%. There was no association
between increase in length or head circumference,
and energy or nitrogen intake, in either group.
Plasma aminograms at 5 days of age were

Table 4 Changes in weight, occipitofrontal head
circumference, and crown-heel length in the two groups.
Figures are mean (SEM)

Days Parenteral amino acid
solution given

Within At 72 h
24 h (n=10)
(n=1l)

Weight change (g/kg/d) 1-3 -23 (10) -23 (6)
4-6 -10 (16) -8 (21)
7-9 -3 (14) -17 (14)

Occipitofrontal head
circumference
(cm/week)* 1-10 0-4 (0-1) 0-4 (0-1)

Crown-heel length
(cm/week) 1-10 0-7 (0-1) 0-7 (0-2)

*Excluding one patient from each group with hydrocephalus.
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available only for nine infants in group E and seven
in group L. A high phenylalanine concentration
(greater than 300 ismol/l) was found in two infants in
group E and none in group L. Five infants in group
E and four in group L had plasma tyrosine concen-
trations greater than 300 imol/l. Other amino acids
were within the laboratory reference range for neo-
nates.

Discussion

There is no general agreement on the ideal age at
which to introduce an intravenous nitrogen solution
to the feeding regimen of a preterm infant. In the
infant who can be fed enterally, a protein source
(milk) is introduced within hours of birth. These
babies are usually well and often larger than the
babies studied here. We would suggest that there is
no reason why the sick infant requiring intravenous
feeding should not be offered amino acids from
day 1.

In thy, study infants in the late introduction group
had a significant negative nitrogen balance until
intravenous nitrogen was introduced on day 3. The
mean negative balance of -133 mg/kg/day is equiva-
lent to a loss of 0-849 g/kg/day of body protein, or
2-5 g protein over the first 3 postnatal days. The
total body protein of an infant weighing 1000 g is
about 85 g, and therefore assuming that the overall
nitrogen (protein) loss represents true tissue cata-
bolism then this represents a mean accumulative loss
of 3% of the body's protein each day.4 Infants in the
early group, on the other hand, were in positive
nitrogen balance from day 1 postnatal age.

It is likely that the overall positive nitrogen
balance would probably have been greater if all
infants in the early study group had received amino
acid without interruption in the first few days.
Although it is uncertain whether there is a long term
clinical advantage in this early positive nitrogen
balance, it may be reasonable to assume such
an advantage, particularly during the critical tran-
sitional phase of extrauterine adaptation. It must be
noted, however, that although the infants in the
early group were in positive nitrogen balance from
day 1, the mean daily nitrogen retention rate of
both groups only reached the equivalent postcon-
ceptional age matched fetal accretion rate after
day 7.4 8

In neither group were we able to achieve an
energy intake greater than 209 kJ/day in the
immediate postnatal period, which we recognise is
considerably below current recommendations for
enterally fed infants. In the early group, however,
the overall energy intake was significantly higher
than in the late group. The inability to achieve a
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critical energy threshold to maintain basal metabol-
ism might partly explain the poor early growth seen
in sick infants. The protein:energy ratio in all infants
in group E, and after three days in Group L, was
satisfactory. This implies that the energy supplied
was adequate to permit the amino acids to be used.
We are currently studying the metabolic effects

associated with the introduction of Intralipid from
day 1. Intralipid has a high energy density; early
introduction might permit a further increase in
energy intake in these infants and improve the
nitrogen sparing effect of energy.
Changes in body weight and gains in crown heel

length and head circumference were similar in both
groups. The mean negative changes in body weight
observed in the first few days in both groups could
partly be explained by shifts in body water,9 and
were similar to changes reported by others.'0
Enterally fed low birthweight infants show increased
growth rates with protein intakes of 3 5 g/kg/day.' 12
In our study a mean protein intake of 1-8 g/kg/day
was achieved in the first few days after the early
introduction of amino acids and this is likely to have
been insufficient to cause an early increase in
growth. Metabolic complications precluded any
further increase in protein load.

Increased phenylalanine and tyrosine concentra-
tions were seen in some infants in both groups.
Abnormalities in plasma aminograms, and in par-
ticular increased phenylalanine concentrations, are
well recognised in preterm infants given Vamin as
the amino acid solution3 14; we did not see any
obvious short term metabolic or other problems, but
the long term implications are unknown. The
introduction of the newer parenteral solutions may
prevent these abnormalities. Whether breast milk or
fetal lean body protein is the ideal nutritional source
model for these infants, however, remains to be
investigated.
A reasonable nutritional goal in feeding preterm

infants is to approximate the nutritional accretion
and growth seen in the fetus of comparable post-
conceptional age. A secondary aim in the immediate
newborn period is to prevent si2gnificant catabolism
and negative nitrogen balance. The present study
shows that early introduction of an intravenous
amino acid source indeed permits positive nitrogen

balance in the first days of life in the sick ventilator
dependent infant who cannot be fed enterally.

The authors thank the nursing and junior medical staff of the
Charing Cross neonatal intensive care unit for their help in this
project. Dr D Reaveley performed the amino acid analysis, Miss S
Parry kindly typed the manuscript, and J Saini was funded by a
Medical Research Council postdoctoral training award in human
nutrition.
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