
Archives ofDisease in Childhood 1990; 65: 692-699

A clinical trial of two parenteral nutrition solutions
in neonates

N McIntosh, V Mitchell

Abstract
Sixty eight neonates requiring total or supple-
mental parenteral nutrition in the first week of
life were randomly allocated either Vamin 9
glucose (n=34) or MB233G (n=34) in a
double blind trial. Twenty infants were with-
drawn: four because they died before 5 days
of age and 16 because the amino acids were
required for less than the five days of the trial.
The solutions were isocaloric (1-6 MJ/Il, 380
kcal/l) and with the same nitrogen content
(2-79 g/l) and were infused at rates and
volumes determined by clinical staff on the
basis on the infants, clinical condition and
serum electrolyte biochemistry. There was an
excess of deaths in the group treated with
Vamin 9 glucose particularly related to babies
weighing 31000 g. Infants <1000 g receiving
the Vamin 9 glucose preparation required
amino acids for twice as long. There was no
significant difference between the weight
losses or head circumference during the study
period. Plasma aminograms in the group
receiving Vamin 9 glucose showed concentra-
tions of phenylalanine, tyrosine, proline,
serine, and aspartic acid to be significantly
higher than the reference range. Multiple
regression analysis suggested that phenylala-
nine was the primary abnormality. The intra-
venous amino acid preparation MB233G
maintained the plasma aminogram ofnewborn
infants within the reference range of normal
newborn infants.
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The amino acid preparations used for intra-
venous nutrition of infants are designed to
achieve the plasma amino acid concentrations
seen after birth in the full term infant. Whether
the aminogram should mimic that of the starved
infant,' the infant fed breast milk,2 or the infant
fed on formula3 is open for discussion.
The preterm infant in utero has a very diffe-

rent aminogram in the middle and last trimester
to the infant once born.7 It might be logical to
attempt to achieve the plasma aminogram of the
fetus in the preterm infant that requires intra-
venous nutrition if, all other things being equal,
there are no signs of toxicity. We have pre-
viously reported an observational study on a

group of very low birthweight infants intra-
venously fed with a preparation of crystalline
amino acids (MB233G, Cernep Synthelabo)
designed to achieve the reported cord concen-
trations of the infant.5 In that study, which was

not a randomised comparative study, we

showed that the preparation was well tolerated
metabolically with plasma aminograms in the
desired range even in the smallest infants.8

Recently there have been reports that the
more commonly used intravenous amino acid
preparation in the United Kingdom, Vamin 9
glucose (KabiVitrum), is sometimes associated
in very low birthweight infants with potentially
toxic amino acid concentrations. It was postu-
lated that this was an idiosyncratic effect in the
babies reported.9"2 This study reports a double
blind randomised controlled trial of Vamin 9
glucose and MB233G in infants in the first week
of life.

Patients and methods
From August 1986 to July 1987, 68 infants
admitted to the South West Thames Regional
Neonatal Intensive Care Unit at St George's
Hospital, London, received intravenous amino
acids during the first week of life. Prescription
of parenteral support (partial or total) was by
the attending clinician based on his assessment
of the baby's inability to tolerate adequate nutri-
tional support by the enteral route. These
infants were randomly allocated to either Vamin
9 glucose or MB233G by pharmacy staff. Both
preparations were prepared by the pharmacy in
clear, orange plastic bags and giving sets as
Vamin 9 glucose has a yellow colour but
MB233G is colourless. A pilot study made it
clear that this satisfactorily masked the nature
of the preparation. The random allocation
(blind to the clinical staff) was stratified to
babies above and below 1000 g birth weight by
the pharmacy staff. Both preparations con-
tained the same total density of nitrogen (2-79
g/l) and energy (1-59 MJ/l, 380 kcal/l) but the
differences in the amino acid constituents are
shown in fig 1. The volume of infusion and elec-
trolyte content were decided daily by the clini-
cal staff on the basis of the clinical course and
the results of the electrolyte determinations in
the plasma. The amino acid (and lipid solutions)
were infused continuously over 24 hours usually
by peripheral infusion. Plasma amino acids and
liver function tests were performed on day 1
before the start of the infusion and between
0800 and 1000 hours on day 5 if the patient was
still alive and still receiving parenteral nutrition.

Small quantities of milk-either maternal
expressed breast milk or preterm formula
(Preaptamil, Milupa) or both-were intro-
duced from day 1 by nasogastric tube in an
attempt to promote biliary flux.

Statistical analyses were performed only for
patien\s for whom parenteral nutrition lasted
for at least five days.

Efficacy of the preparations was assessed by
body weight and head circumference measure-
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Figure I Amino acid concentrations in the two amino acid preparations divided according to whether they are essential
(left) or non-essential (right). Tau: taurine, isol: isoleucine, leu: leucine, lys: lysine, met: methionine, phe: phenylalanine,
thr: threonine, try: tryptophan, val: valine, his: histidine, arg: arginine, ala: alanine, pro: proline, ser: serine, tyr: tyrosine,
gly: glycine, asp: aspartic acid, glu: glutamine, cys: cysteine, orn: ornithine.

ments and by analysis of plasma aminograms.
The heparinised blood samples for the amino-
grams were immediately separated in a micro-
fuge (Beckman). The plasma was deproteinised
with sulphosalicylic acid (25 mg/ml plasma) and
remicrofuged, the supernatant being then
stored at -70°C until analysed on a Biotronik
5001 amino acid analyser.

Tolerance of the preparation was examined
clinically and by frequent (at least daily) analy-
sis of blood urea, electrolytes and haematology
and acid base. Liver function tests were per-
formed at the start and after five days of amino
acid infusion.

Intravenous nitrogen, amino acid, energy,
and volume intakes were compared as were the
oral intakes of nitrogen, protein, energy, and
volume in the two groups. Baseline data were

analysed by Student's t test (on the ranked
values) and categorical parameters by the x2 test
or Fisher's exact test. Analysis of variance, step-
wise regression analysis, and correlation were

also performed on the ranked groups. Signifi-
cance was defined as a p value less than 0-05.
Computations and analyses were performed on

SAS statistical software.
Comparisons of the amino acids in the two

groups was by Wilcoxon's signed ranks test.
Significance here was defined as a p value less
than 0-01. When a significant difference in a

particular plasma amino acid was established
between the two nutritional regimes we looked
for correlation between the plasma concentra-
tion and the total amino acid intake over the
previous day.
The study received ethical approval from the

St George's Hospital Medical ethics committee

and informed consent was obtained from the
parents.

Results
Intravenous nutrition was used in these infants
only when they were unable to tolerate enteral
feeds because of extreme immaturity or biologi-
cal instability. Twenty of the 68 babies entered
into the study were excluded from the analysis
because the amino acid infusion was for less
than five days: four babies died before the age of
5 days (one on Vamin 9 glucose, three on

MB233G) and 16 babies required parenteral
nutrition for less than the five day study period
(eight on each preparation). This left 23 babies
(n=7, <1000 g) allocated to MB233G and 25
babies (n=ll, <1000 g) allocated to Vamin 9
glucose for analysis (table 1) after five com-

pleted days of intravenous nutrition.
In some of the smallest infants biochemical

evaluation was less frequent than was envisaged
in the study protocol for reasons of small blood
volume.

COMPARABILITY OF THE GROUPS
The birthweight stratification and the weights
and gestations of the babies on the two prepara-
tions were comparable and the size and matur-
ities of the babies stratified above and below
1000 g are not appreciably different in the two
nutrition groups (table 1). The clinical prob-
lems of the babies in the two groups are shown
in table 2. A total of 41 (85%) of the babies were
ventilated at the time of entry to the study and
27 (52%) were still ventilated on the sixth day
when the study period was terminated. Despite

Table I Details of babies. Results are mean (SD)

No of babies Gestation Birth weight Average length of
(days) (g) parenteral nutrition

(days)

Weighing <1000 g
MB233G 7 191 (13) 806 (164) 8 (2-6) 10.05
Vamin 9 glucose 11 187 (10) 742 (162) 13 (6-6) 1P<

Weighing >c1000 g
MB233G 16 227 (28) 1844 (884) 14 (8-0)
Vamin 9 glucose 14 216 (30) 1767 (939) 14 (7-5)

--I
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Table 2 Incidence ofacute clinical problems. Results are number (%)

MB233G (n=23) Vamin 9 glucose (n 25) p Value*

Hyaline membrane disease 15 (65) 19 (76) 0-45
Ventilated at start ofend period 18 (78) 23 (92) 0-2
Ventilated at end of study period 11(48) 16 (64) 0 35
Air leaks 2 (9) 6 (24) 0-17
Abnormal neurological signs 3 (13) 5 (20) 0 5
Appreciable sepsis 9 (39) 8 (32) 0-6
Jaundice (physiological) 10 (43) 10 (40) 0-8
Patent ductus arteriosus 6 (26) 3 (12) 0-2

"By x2 with Yates's correction or Fisher's exact test: all p values are non-significant.

Table 3 Nutritional intakes on first and last study day. Results are mean (SEM)

Day I Day S

Intravenous volume (ml/kg/day) MB233G 101 (6) 137 (17)
Vamin 9 glucose 95 (8) NS 127 (10) NS

Intravenous amino acids (g/kg/day) MB233G 0-29 (0-04) 1-44 (0- 16)
Vamin 9 glucose 0-32 (0-06) NS 1-54 (0-15) NS

Intravenous energy (MJ/kg/day) MB233G 0-14 (0-01) 0-21 (0-02)
Vamin 9 glucose 0-13 (0-01) NS 0-18 (0-02) NS

Intravenous nitrogen (g/kg/day) MB233G 0-04 (0-007) 0-21 (-02)
Vamin 9 glucose 0-05 (0-009) NS 0-23 (-02) NS

Total volume (mi/kg/day) MB233G 107 (6) 177 (13)
Vanin 9 glucose 104 (8) NS 161 (6) NS

Total oral amino acids (g/kg/day) MB233G 0-36 (0-05) 1-87 (0-16)
Vamin 9 glucose 0-42 (0-06) NS 1-93 (0-15) NS

Total energy (MJ/kg/day) MB233G 0-17 (0-02) 0-36 (0-02)
Vamin 9 glucose 0-17 (0-02) NS 0-33 (0-02) NS

Total nitrogen (g/kg/day) MB233G 0-05 (0-01) 0-27 (0-02)
Vamin 9 glucose 0-06 (0-01) NS 0-28 (0-02) NS

"Column significance: non-paired t test.

randomisation of the intravenous nutrition, it
appears that the infants in the group allocated
Vamin 9 glucose may have been sicker. The
respiratory problems at entry to the trial appear
to be worse in the group randomly allocated
Vamin 9 glucose with more babies having
hyaline membrane disease and more being ven-
tilated. Neither of these features reach signifi-
cance but the fact that more infants in this
group were still requiring ventilation at the end
of the study and three times more had deve-
loped an air leak by the end of the study (though
this trend still does not reach significance)
means that the blind allocation may not have
been quite as random as was hoped for. Further
analysis of acid base and blood gases (submitted
to the editor) showed almost identical arterial
carbon dioxide tension, pH, and base excess in
the two groups even when stratified into the two
weight groupings. The infants <1000 g showed
a trend to higher oxygen requirements and
inflation pressures though again these para-
meters did not reach significance. Conversely,
twice as many infants in the group on MB233G
developed a patent ductus arteriosus; again this
trend did not reach significance.

NUTRITIONAL INTAKE
The nutritional intakes are shown for the two
groups in table 3. The energy, amino acid, and
nitrogen provision given intravenously and the
total amino acid and nitrogen intakes were simi-
lar in the two groups. The total volume and
energy intakes were significantly higher on day
4 (not tabulated) in the group receiving
MB233G. This was due to two infants, both less
than 1000 g birth weight who had extra 5%
dextrose intravenously because of large trans-
cutaneous fluid losses. The volume and energy
intakes on the other days of the study were simi-

lar. A 10% intralipid solution was introduced at
0-5 ml/kg/hour when clinical jaundice began to
wane. As the trial involved only the first five
days of life, in both groups this formed only a
minor contribution to the total energy intake.

BIOLOGICAL EFFICACY
The efficacy of the solution was assessed clini-
cally by the weight and head circumference
changes over the time of the study (table 4). The
weight losses in the two groups were similar and
not unusual for the unit or babies of this gesta-
tion and size. The head circumference changes
were similar in the two groups.

PLASMA AMINOGRAMS
Fourteen babies on MB233G and 16 babies on
Vamin 9 glucose had plasma aminograms mea-
sured on the fifth day of parental nutrition.
Eighteen (nine in each group) were not analysed
due to lack of sufficient plasma (n= 12) or
wrong date of sampling (n=6). The individual
data are shown in table 5 and the summary of
the analysed aminograms is shown in fig 2. The
graphic representation of the complete amino-
grams are given by 'stars' that show the mean

Table 4 Weight and head circumference changes

Mean (%) weight loss Mean (SEM) head
(range) circumferences (cm)

Day I Day 5

MB233G
<1000 g 4-8 (-7-3 to -15) 28-6 (1) 26-7 (0-9)
1l000 g -06 ( 11 to +1I1)

Vamin 9 glucose
<1000 g -2-5 (- 10 to +13) 25-8 (1) 26-7 (0-9)
Ths1000 gd 3-5 (a19 to +5s5)

These differences are not significant.
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Table 5 Plasma amino acids at day S (,imolll). Results are mean (SD)

No of babies MB233G No of babies Vamin 9 glucose Normnal range

Leucine <1000 g 5 97-6 (47 8) 8 142-9 (67 8) 82-7-187-3
31000 g 9 140-7 (65 2) 8 134-5 (50 6)

Isoleucine <1000 g 5 37-2 (27-6) 8 79-6 (47-6) 36-4-107-6
31000 g 9 71-2 (393) 8 85 6 (306)

Valine <1000 g 5 175-1 (67-2) 8 244-5 (76-1) 171-8-314-2
31000 g 9 240-3 (99 5) 8 272-5 (75 9)

Methionine <1000 g 5 30 5 (15-5) 8 46-8 (15-6) 20-4-49-7
31000 g 9 394 (15-8) 8 546 (15-3)

Cysteine <1000 g 5 15-4 (5 8) 8 32-8 (18-8) 32 4-57 6
31000 g 9 345 (84) 8 49-6 (242)

Taurine <1000 g 5 90-8 (34 7) 8 110-0 (96-4) 115-1-378 9
31000 g 9 142-6 (694) 8 194-6 (115-1)

Phenylalanine <1000 g 5 86-4 (15-8) 8 206-1 (73 0) 48-9-99-1
31000 g 9 89-4 (330) 8 198-5 (68-7)

Tyrosine <1000 g 5 91-4 (100-0) 8 368-7 (309 7) 35 8-90 2
31000 g 9 61-3 (51-6) 8 386-1 (372-7)

Lysine <1000 g 5 195-9 (93-5) 8 198-2 (88-7) 216-4-467-6
31000 g 9 322-1 (151-7) 8 201-1 (844)

Threonine <1000 g 5 144-2 (40 2) 8 281-1 (125-6) 161-3-374-7
31000 g 9 182-7 (74-1) 8 299-1 (133-8)

Histidine <1000 g 5 88-8 (26-8) 8 121-1 (44-1) 63-4-180-6
31000 g 9 119-0 (45-7) 8 117 8 (292)

Arginine <1000 g 5 46-7 (33 8) 8 54-3 (44-5) 47-5-114-5
31000 g 9 903 (52 3) 8 490 (23 5)

Aspartic acid <1000 g 5 16-8 (10-4) 8 61-5 (70 3) 6-4-35-7
31000 g 9 40-1 (509) 8 51 7 (32-9)

Serine <1000 g 5 131-9 (36 0) 8 315-1 (167-7) 143-4-214-6
31000 g 9 197-0 (662) 8 344-1 (183-1)

Asparagine <1000 g 5 22-8 (13-4) 8 24-4 (12-3) 28 4-53 6
31000 g 9 31 3 (18-9) 8 28-9 (25-7)

Glutamic acid <1000 g 5 55-2 (15-4) 8 204-7 (156-5) 58-3-313-7
31000 g 9 110-0 (130-6) 8 192-4 (150-5)

Glutamine <1000 g 5 328-1 (111-2) 8 321-3 (131-4) 219-3-834-7
31000 g 9 710-3 (680 5) 8 432-5 (130-6)

Proline <1000 g 5 126-6 (88-2) 8 411-5 (169-4) 10-7-252-4
31000 g 9 200-9 (72 2) 8 478-3 (211-1)

Glycine <1000 g 5 216-8 (54-1) 8 358-6 (101-8) 199-9-338-1
31000 g 9 335-7 (108-8) 8 417-2 (177-6)

Alanine <1000 g 5 224-8 (114-8) 8 285-5 (136-8) 281-0-595-0
31000 g 9 306-3 (176-0) 8 379-7 (228 0)

Citrulline <1000 g 5 7-2 (3 6) 8 14-6 (4-7) 2 0-55-0
31000 g 9 8-8 (42) 8 15-0 (11-1)

Ornithine <1000 g 5 80-0 (49 4) 8 78-4 (54-3) 45-4-162-6
31000 g 9 137-3 (71-6) 8 98-0 (75-0)

Figure 2 Plasma aminogram of
study babies on day 5. The reference
ranges indicated are the concentrations
in umbilical cord blood of normalfull
term newborn infants.5 Glu: glutamic
acid, gln: glutamine, am: asparagine,
ser: serine, thr: threonine, asp:
aspartic acid, tau: taurine, arg:
arginine, tty: tryptophan, his:
histidine, lys: lysine, orn: ornithine,
cit: citrulline, phe: phenylalanine, tyr:
tyrosine, leu: leucine, isol: isoleucine,
met: methionine, cys: cysteine, val:
valine, ala: alanine, gly: glycine, pro:
proline.
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value of each amino acid. The dotted lines
represent the reference ranges from cord blood
of preterm and term deliveries.5 The ranges are
seen in table 5.
The mean values of the branched chain amino

acids and the sulphur containing amino acids
were similar in the two groups, although some
plasma taurine concentrations in the group on
Vamin 9 glucose were extremely low (for
example-9, 20, 27 ,umol/l; lower limit of refer-
ence range= 115 [tmol/l) and the mean value of
the cysteine in the group on MB233G was lower
than the reference range for babies less than
1000 g. The mean plasma concentrations of
phenylalanine and tyrosine were significantly
greater (p<0 0001 and p<0 0003 respectively)
in the group on Vamin 9 glucose. The concen-
trations in the group Vamin 9 glucose were not
related to the body weight of the infant. The
mean plasma concentrations of lysine were
slightly lower than the lower reference range
value (216 [tmol/1) in both groups on Vamin 9
glucose (<1000 g=198 iimol/l, ¢ 1000 g=201
,tmol/l) and in the babies <1000 g fed MB233G
(196 [tmol/l). The mean plasma threonine con-
centrations were in the normal range for all
except the group on MB233G weighing
<1000 g. The difference between the two
groups weighing ¢ 1000 g, however, reached
significance (p<0 004). The histidine concen-
trations were similar and within the normal
range for all groups.
The non-essential amino acids proline and

serine were higher in the group on Vamin 9 glu-
cose (p<00001 and p<0 003 respectively). The
aspartic acid concentrations were similar.
Citrulline was significantly higher in the group
on Vamin 9 glucose (p<0009) despite being in
the normal range. The other non-essential
amino acids were in the reference range and
similar in the two groups.

Stepwise discriminant analysis was per-
formed on the aminograms of the two treatment
groups on day 5, using threonine, serine, gluta-
mate, proline, citrulline, methionine, tyrosine,
and phenylalanine as the exploratory variables.
Phenylalanine explained on its own some 55%
of the total variation between the two treatment

0D Amino acid intakes
rn., A
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Figure 3(A) Intakes offour amino acids on day 4 and
(B) amino acid concentrations on day 5. Phe: phenylalanine,
pro: proline, ser: serine, tyr: tyrosine.

groups but as the variability of these parameters
was large, the same procedure was applied with
ranked data. In this case proline, tyrosine, and
serine accounted for 74% of the total variation
and phenylalanine was no longer significant.
These results reflect the intricacies of these vari-
ables which cannot be clarified further because
of the relatively small sample size. The data
confirms only that these four amino acids are
most involved in the final differences between
the two treatment groups.

In fig 3A we have plotted the mean intakes of
the four amino acids phenylalanine, proline,
serine, and tyrosine in the 24 hours before the
plasma analysis on day 5 (fig 3B). The higher
plasma concentrations seem related to the
higher intakes in the case of the first three
amino acids. With tyrosine, however, there is
no apparent association of plasma concentration
to the previous day's intake.

TOLERANCE
A total of 18 (78%) of the infants on MB233G
and 23 (92%) on Vamin 9 glucose were venti-
lated on entry to the study, and at the end of the
study period 11 (48%) on MB233G and 16
(64%) on Vamin 9 glucose remained ventilated
(difference not significant by x2 test with Yates's
correction). The oxygen requirements over the
five days were similar in both groups.

Babies weighing <1000 g fed on MB233G
required parenteral nutrition for significantly
less time (mean (SD) 8 (4-8) days) than babies
fed Vamin 9 glucose (13 (10 days), p<0 05)
(table 1).

Forty seven infusions were required in the 23
babies on MB233G and 54 in the 25 babies on
the Vamin 9 glucose with 21 instances of drip
infiltration in the group on MB233G and 29 in
the group on Vamin 9 glucose.

Significantly higher blood glucose concentra-
tions were seen on days 4 and 5 in the group on
MB233G but these were related to two infants
weighing less than 1000 g who received extra
5% dextrose to compensate for transcutaneous
water losses.
The plasma sodium, potassium, calcium,

phosphorus, and blood urea concentrations
were all within the reference ranges and similar
in both groups throughout the study.
The mean (SD) alanine aminotransferase,

aspartate aminotransferase, and y glutamyltrans-
ferase activities of the two groups were similar
on day 1 (alanine aminotransferase: Vamin 9
glucose 4 9 (2 9) U/l, MB233G 6-9 (6-1) U/1,
p=0-2; aspartate aminotransferase: Vamin 9
glucose 47-5 (30 6) U/1, MB233G 30-8 (23 8)
U/1, p=0 1; and y glutamyltransferase: Vamin 9
glucose 62 (33) U/1, MB233G 79 (49) U/1,
p=025). On day 5, however, these liver
enzymes were significantly higher in babies fed
on Vamin 9 glucose (alanine aminotransferase:
Vamin 9 glucose 11-3 (9 6) U/1, MB233G 3-7
(1-1) U/1, p<O 05; aspartate aminotransferase:
Vamin 9 glucose 33-0 (18-4) U/1, MB233G 16-4
(10-3) U/1, p<0 05; and y glutamyltransferase
60 (28) U/1, MB233G 63 (66) U/1, p=0 9).
Both groups of infants were acidotic in con-

ventional terms throughout the study period
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Table 6 Mortality
MB233G Vamin 9 glucose Significance by

Fisher's exact test
Total No No (%) Total No No (%)

who died who died

(a) By allocation to the study
<1000 g 11 3 (27) 16 5 (31) NS
-1000 g 23 0 18 4 (22) NS

Total 34 3 (9) 34 9 (26) NS

(b) By completion of study protocol
<1000 g 7 0 11 4 (36) NS
>1000 g 16 0 14 4 (29) p<005

Total 23 0 25 8 (32) p<OOl

but with values that were within the neonatal
unit's reference range for babies with severe
respiratory problems on ventilators. There was
no significant difference between the two
groups or apparent trend at a non-significant
level (data submitted to editor and referees).
The haemoglobin concentration, white cell

count, and platelets were as would be expected
from the condition of these infants and were
similar in the two groups.

DEATHS
Table 6 shows the mortality in the study, 6a by
allocation of treatment and 6b by completion of
the study protocol. Four infants died before the
study protocol was completed (three on
MB233G and one on Vamin 9 glucose). These
infants were all <1000 birth weight and all had
respiratory problems related to their extreme
prematurity. Two of the infants on MB233G
and the single infant on Vamin 9 glucose had
some evidence of infection though only one
death (an extremely growth retarded infant,
480 g birth weight and 27 weeks' gestation) was
thought to be directly related to pseudomonas
septicaemia and pulmonary haemorrhage from
coincident disseminated intravascular coagula-
tion.
The deaths of the infants completing the

study protocol were confined to the group
on Vamin 9 glucose. Four infants <1000 g
birth weight died: one at 6 days (respiratory
failure, septicaemia, and intra-abdominal
haemorrhage), the second at 10 days (respira-
tory failure due to respiratory distress syndrome
and intraventricular haemorrhage), the third at
17 days (respiratory failure due to respiratory
distress syndrome with pulmonary interstitial
emphysema and pneumothorax going on to
bronchopulmonary dysplastic changes seen on
radiography), and the fourth at 28 days (respira-
tory failure from chronic lung disease).
The other infants (1000, 1325, 2500, 3600 g

birth weight) died at 10, 20, 28, and 11 days
respectively. All had respiratory distress syn-
drome and three had air leak during the early
days of life. The two smaller infants of the four
had intraventricular haemorrhages of grade 3
severity and patent ductus arteriosus and even-
tually died of infections. The larger two infants
developed severe changes of bronchopulmonary
dysplasia that were seen on radiography and
died of respiratory failure.
The plasma amino acid concentrations of the

infants in the group on Vamin 9 glucose that
died were not significantly different on day 5
(the day of study completion) from the infants
fed Vamin 9 glucose who went on to survive.
The mean (SD) results were as follows-
phenylalanine: died 218 (82) ,umol/l, alive 192
(62) [tmol/l; tyrosine: died 452 (360) [imol/l,
alive 312 (284) [mol/l; proline: died 476 (171)
[tmol/l, alive 426 (204) ,umol/l; serine: died 314
(184) [imol/l, alive 327 (184) [imol/l; aspartic
acid: died 69 (70) [tmol/l, alive 49 (38) iimol/l.
We unfortunately do not have measurements of
either the plasma aminograms at a later stage, or
the plasma ammonia concentrations as this was
not part of the study protocol and we became
aware of this apparent cluster of deaths after the
trial only when the randomisation code was
broken at the end of the study.

Discussion
The smaller and more immature the infant, the
more crucial it is to provide adequate nutrition
at a very early stage. It is commonplace now for
very low birthweight infants to be given total or
supplemental parenteral nutrition where any
delay is expected in establishing enteral feeds. '3
Most currently used amino acid preparations
have not been prepared with the (premature)
newborn in mind and have been accepted as
satisfactory when the aminogram in the patient
receiving the preparation has fallen in the refer-
ence range of full term and well infants either
starved,' fed on breast milk,2 or formula.3 It is
possible that the nitrogen requirements of very
immature infants will be more critical than in
bigger and more mature infants because of
greater metabolic immaturity and the absence of
the safety valve of the placenta. Amino acid
solutions with the wrong composition could
produce potentially hazardous disturbances of
blood chemistry such as a rise in the plasma
concentrations of neurotoxic or hepatotoxic
amino acids, metabolic acidosis, and hyperam-
monaemia.
The fetus in utero is not fed orally but is fed

parenterally across the placenta. It is therefore
reasonable to assume that the aminogram of the
fetus in utero in the last trimester of pregnancy
is unlikely to be toxic to the developing fetus
and is probably satisfactory for the preterm or
term newborn infant.
The aminograms of the mid trimester fetus

have now been defined6 7 and are not signifi-
cantly different from the cord blood amino acids
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of preterm and full term normal deliveries.4 5
The preparation MB233G is a new crystalline
amino acid preparation that has been designed
by Rigo et al to achieve plasma amino acid con-
centrations in these reference ranges.'4 A pre-
vious observational study in our unit looked at
the tolerance and efficacy ofMB233G in 42 very
low birthweight infants, 19 of whom were
<1000 g birth weight. We found no abnormal
effects that we felt could be related to the prepa-
ration but in that study we were not comparing
MB233G with another preparation.8 Vamin 9
glucose is a well tried L amino acid preparation
used in the United Kingdom and Europe and
more than 70% of the isomers are retained when
infused'5; it contains no taurine or ornithine
however. The absence of taurine may be impor-
tant as taurine deficient diets (casein based
parenteral nutrition solutions) in primates'6 and
humans'7 lead to retinal degeneration and
abnormal electroretinograms. The absence of
ornithine in the diet is not associated with any
specific dysfunction but it is recognised as an
essential amino acid. Both taurine and ornithine
are present in MB233G. The only other qualita-
tive difference in the two preparations is the
cysteine which in Vamin 9 glucose is cystine
whereas in MB233G it is cysteine hydro-
chloride. Whereas in the older infant and adult
cysteine is a non-essential amino acid, it is
thought to be essential in the preterm infant
because the absence of cystathionase in the
fetal and preterm infant's liver makes the usual
conversion of methionine to cysteine unlikely. 8
The randomisation and stratification of the

groups shows them comparatively well matched
for the size and maturity (table 1); however,
there is an unfortunate trend towards the sicker
infants with respiratory problems being allo-
cated Vamin 9 glucose. This group (table 2)
was more likely, both at study entry and com-
pletion, to require ventilation and three times as
many infants in the group developed air leaks.
None of these features reached significance but
the differences in outcome in mortality (table 6)
may be related to these features.
The nutritional intakes both parenterally and

enterally were very similar in the two groups
both at entry to the trial on day 1 and when the
trial was concluded on the fifth day (table 3).
Both preparations seemed clinically well toler-
ated during the five days of the study but
infants <1000 g fed Vamin 9 glucose required
parenteral nutrition for a significantly longer
period (table 1); this may be related to the
babies in this group being sicker. Significantly
more infants died in the period after study in
the group receiving Vamin 9 glucose (p<001,
table 6); this may also be related to the infants
being sicker. Against this is the fact that the
difference is largely accounted for by the excess
of deaths in the group weighing ¢ 1000 g fed on
Vamin 9 glucose (p 0 05) which are a group of
infants more likely to be salvageable. We
hypothesise that the deaths in the group on
Vamin 9 glucose may be related to the high
plasma concentrations of the aromatic amino
acids phenylalanine and tyrosine, which are
known to be neurotoxic with long term neuro-
logical sequelae.'9 21 The concentrations of

phenylalanine in the group of infants on Vamin
9 glucose in this study (mean 187 iimol/l, range
44-345) and the concentrations of tyrosine
(mean 367 ,tmol/l, range 46-925) are up to five
times higher than the upper limit of normal
infants. The fetuses of phenylketonuric mothers
(who can have phenylalanine concentrations in
pregnancy of 600-900 ,umol/l) are usually men-
tally retarded and microcephalic,22 and the pre-
term infants of this study are going through a
similar phase of extremely rapid brain growth.
Abnormal concentrations of phenylalanine have
been reported before but were thought to be
related to extreme immaturity. 1'2 The concen-
trations in the babies on Vamin 9 glucose were
similar in infants stratified above and below
1000 g, suggesting that immaturity might not be
the sole problem. The plasma concentrations of
tyrosine were also extremely high in the group
on Vamin 9 glucose compared with the refer-
ence range (36-90 [tmol/l) and were often at
concentrations seen in transient tyrosinaemia.20
Intellectual deficits were shown in term neo-
nates with this condition by Menkes et al in
1966'9 and by Mamunes et al in 1976,20 but
Martin et al could not demonstrate abnormality
in six infants followed up to six years.23 The
severe mental retardation associated with the
autosomal recessive form of tyrosinaemia
known as the Richner-Hanhart syndrome is
preventable by the use of low tyrosine diets and
the plasma tyrosine concentrations in untreated
patients with this condition are similar to the
concentrations seen in the infants on Vamin 9
glucose. The data in figure 3 suggest that the
phenylalanine blood concentrations may be
related to the amino acid intake but the high
tyrosine concentrations seen in the group on
Vamin 9 glucose, which were over four times
those of the group on MB233G, occurred even
though the intake of tyrosine in the 24 hours
before sampling was the same. It appears that
the tyrosine is not utilised in the group on
Vamin 9 glucose and we hypothesise that this
may be because of the high plasma concentra-
tions of phenylalanine, proline, serine, or aspar-
tic acid interfere with effective liver function.
The discriminant analysis of the raw data sug-
gests that the phenylalanine concentrations may
be the primary cause of this problem.
Against the hypothesis that the high plasma

amino acid concentrations were in some way
associated with the deaths is the apparent lack
of clinical toxicity of the preparation Vamin 9
glucose and the fact that the amino acid concen-
trations of the survivors were no different on
day 5 in that group whether they went on to
survive or die. It is noteworthy that some liver
cell function tests were significantly higher on
day 5 of the infusion in this group. Because the
trial finished after five days of infusion we have
no further measurements of plasma amino
acids or of ammonia concentrations but many of
the infants in both groups continued with their
intravenous nutrition after their formal study
period. The deaths when assessed clinically do
not fit into any uniquely similar pattern but dis-
play the characteristics of very sick preterm
infants requiring intensive care.
Both groups in this study had identical and
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adequate ascorbic acid intakes (250 mg/kg/day)
so that restricted availability of the cofactor for
tyrosine transferase activity is unlikely to
account for the accumulation of tyrosine or
phenylalanine in the group on Vamin 9 glucose.
The additional taurine in the MB233G did

not lead to higher plasma taurine concentrations
in this group and the mean taurine concentra-
tions in both groups of babies weighing less
than 1000 g were lower than the lower limit of
the reference range. In the group on Vamin 9
glucose some infants had extremely low plasma
concentrations. It is possible that the taurine
content in MB233G prevented such low concen-
trations.
We conclude from this study that prepara-

tion MB233G maintains the plasma aminogram
more closely within the normal reference range
related to cord blood amino acid concentrations
than does Vamin 9 glucose where the plasma
phenylalanine, tyrosine, proline, serine, and
aspartic acid are high independent of the weight
of the infant.
Although during the study both preparations

seemed well tolerated, the excess mortality in
the group on Vamin 9 glucose after the end of
the study period must be noted and although it
may be related to sicker infants being present in
this group, the association is independent of
birth weight and is coincident with high plasma
amino acid concentrations of some known
neurotoxic and hepatotoxic amino acids. This
must remain a cause of concern until the study
can be repeated by others.
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