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Calcium and phosphorus solubility in neonatal
intravenous feeding solutions

P MacMahon, P D Mayne, M Blair, C Pope, I Z Kovar

Abstract
The limited solubility of calcium and phos-
phorus in standard parenteral nutrition formu-
lations has restricted the ability to provide
sufficient minerals to preterm infants to pre-
vent substrate deficient metabolic bone dis-
ease. We determined the solubility limits of
calcium and phosphorus in a total of 160
formulations under carefully controlied con-
ditions. By increasing the concentrations of
dextrose, amino acids, and by using Addiphos
instead of 8-7% dipotassium hydrogen phos-
phate as the phosphorus source, higher con-
centrations of both calcium and phosphorus
were held in solution. This should permit the
delivery of increased concentrations of these
minerals at rates which approximate fetal
accretion.

Metabolic bone disease is common in sick
preterm infants.' The cause is multifactorial;
inadequate calcium and phosphorus intake is a
major factor.2 The in utero accretion rate of
calcium and phosphorus approximates 2 5-3-0
and 2-0-2 5 mmol/kg/day respectively in the
third trimester.3 ' During intravenous alimen-
tation, the intake of these minerals is frequently
restricted to about I 0 mmol/kg/day5 as it is not
possible to deliver adequate amounts intra-
venously without exceeding their solubility
limits.6
We wished to test whether it was possible to

quantify the solubility limits of calcium and
phosphorus in a range of neonatal intravenous
feeding solutions with a view to maximising this
solubility.

Charing Cross and
Westminster Medical
School, London,
Department of Child
Health
P MacMahon
M Blair
I Z Kovar
Department of Chemical
Pathology
P D Mayne
C Pope
Correspondence to:
Dr P MacMahon,
Waterford Regional Hospital,
Ardkeen, Waterford,
Republic of Ireland.

Accepted 16 January 1990

Methods
A total of 160 different amino acid/dextrose/
mineral solutions were prepared and syste-
matically tested for precipitation. The solutions
contained all the constituents normally used in
neonatal parenteral nutrition, with the excep-
tion of intravenous fat solution and fat soluble
vitamins, as these usually come into contact
with the single bag formulation immediately
before infusion.
Each solution was individually formulated in

the pharmacy department of Charing Cross
Hospital under standard conditions; 200 ml of
each was prepared. The concentrations of amino
acid solution (Vamin 9 glucose, KabiVitrum),
dextrose, calcium (10% calcium gluconate), and
phosphorus (either as 8-7% dipotassium hydro-
gen phosphate or Addiphos, KabiVitrum) were
varied to a protocol of increasing concentrations
of calcium and phosphorus. The remaining

constituents were added in concentrations as
used clinically.
The solutions were prepared based on the

assumption that a neonate on parenteral nutrition
would receive in the order of 150 ml/kg/day (130
mg/kg/day test solution and 20 ml/kg/day of
intravenous fat solution). The composition/kg/
day of the test solutions was: sodium 3-9 mmol
(3-0 mmol/100 ml), potassium 2-6 mmol (2-0
mmol/100 ml), trace elements as Ped-El
(KabiVitrum) 4 ml (3-1 ml/100 ml), water
soluble vitamins as Solivito N (KabiVitrum)
0-65 ml (0 5 ml/100 ml), magnesium in the
amino acid and trace element preparations,
0-14-0-12 mmol (0- 1-0 16 mmol/100 ml), and
sodium heparin at 1 U/ml. Calcium and phos-
phorus were added in molar ratio of 1-2:1-0.
The amount of these minerals and the amino
acid and trace element solutions were included
in all calculations. Additional phosphorus was
supplied as either 8-7% dipotassium hydrogen
phosphate or Addiphos, which is a proprietary
preparation. This contains monobasic potas-
sium phosphate 170-1 mg, sodium phosphate
133-5 mg, potassium hydroxide 14-0 mg,
sorbitol 1 0 mg, and water for injection 1 ml. In
total there is 15 mmol potassium, 15 mmol
sodium, and 20 mmol phosphate in 10 ml.
During preparation of the solutions the en-

vironmental air was passed through a 0-3
micron filter. Volumes were measured to the
nearest 0-01 ml and the solution was shaken and
thoroughly mixed before the next constituent
was added. The 200 ml minibags were placed in
an incubator at 32°C and examined for the
presence of precipitation by a single observer at
24 and 48 hours under polarised light. The
upper limit of solubility was defined by the
maximum concentration of calcium and phos-
phorus that could be added to any solution
without precipitation occurring by 24 hours.
The effect on the solubility limits of these
solutions of omitting sodium heparin, of adding
extra magnesium (equivalent to 0-4 mmol/kg/
day or 0-3 mmol/100 ml), of omitting the trace
elements, and alternating the calcium and phos-
phorus content with 10% calcium gluconate and
either 8-7% dipotassium hydrogen phosphate or
Addiphos was assessed. The pH and titratable
acidity of 16 solutions, at the upper limit of
calcium and phosphorus solubility, were deter-
mined assuming that 130 ml/kg/day of the
solution was infused. The titratable acidity was
measured by titrating a known volume of each
solution to a pH of 7-4 using 0-025 M sodium
hydroxide.

Results
Of 160 different solutions formulated, the
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effects of changing the amino acid or dextrose
concentrations, and changing the phosphorus
source from 8-7% dipotassium hydrogen phos-
phate to Addiphos of the 16 solutions which
approximate to the limits of solubility are shown
in figs 1 and 2.
For any given concentration of Vamin 9

glucose or dextrose, approximately twice as

much calcium and phosphorus was held in
solution if Addiphos was used instead of 8-7%
dipotassium hydrogen phosphate, but at the
expense of increasing titratable acidity. Com-
pleted formulations, at the upper limit of
calcium and phosphorus solubility had a pH of
between 5*73 and 5-88 when using Addiphos
and 5 77 and 6- 16 when using 8 7% dipotassium
hydrogen phosphate. The pH of Addiphos is
7-02 and that of 8-7% dipotassium hydrogen
phosphate 8-8. Assuming that the maximum
amounts of calcium and phosphorus were
delivered together with the amino acid solution
at a rate of 40 ml/kg/day, the total potential acid
load expressed as the titratable acidity in
mmol/kg/day reached a maximum of 5 60 when
using Addiphos and 3-85 when using 8-7%
dipotassium hydrogen phosphate. The solubility
limits were not significantly effected by omitting
either the sodium heparin or the trace element
preparation. Increasing the magnesium content
to a maximum of 0 3 mmol/I00 ml by the
addition of 50% magnesium sulphate decreased
the amount of calcium and phosphorus that
could be held in solution by 9%.

Discussion
The solubility of calcium and phosphorus
decreases when the pH rises,7 the amino acid
concentration falls,6 7 there is a rise in the
environmental temperature,7 calcium is added
before phosphorus,8 or calcium chloride is used
in place ofcalcium gluconate.9 Previous attempts

Figure I Changes in
calcium and phosphorus
content and titratable
acidity of intravenous
solution in 100 ml when
varying the amino acid
concentration in
10%/o dextrose.
Dipotassium hydrogen
phosphate (a) and
Addiphos (0) as
phosphorus source.

Figure 2 Changes in
calcium and phosphorus
content and titratable acidity
in 100 ml ofintravenous
solution when varying the
concentration ofdextrose
solutions in 30%/o Vamin
9 glucose. Dipotassium
hydrogen phosphate (0) and
Addiphos (0) as phosphorus
source.
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at documenting the solubility limits of calcium
and phosphorus in neonatal parenteral solutions
have been criticised'0 because of the failure to
include magnesium, the restriction of environ-
mental temperatures to 25°C, and the lack of
definition in the accuracy and calibration of
volume measurements.9 We believe that this
study overcomes these objections. Magnesium
was included in all formulations over a range of
concentrations; solutions were tested at 320C
after 24 hours, which is a higher temperature
than quoted in most published series, and
which exceeds the environmental temperature
of the average neonatal unit. The use of
relatively large volumes of the test solutions
ensured that the volumes of some relatively
concentrated constituents, such as Addiphos
and 8-7% dipotassium hydrogen phosphate,
could be measured with a high degree of
accuracy. Calcium and phosphorus was added
at a ratio of 1-2-1-0 as published evidence
suggests that this is the optimal fetal accretion
ratio.3
The upper limit of solubility of calcium

phosphate is prone to a small random variation.
This is probably due to the variation in the pH
ofsome ofthe constituents, particularly dextrose
which can vary from 3 5 to 5 5. " Our data
would suggest that in clinical practice the
maximum calcium and phosphorus concentra-
tion to be used should not exceed near 80% of
the theoretical maximum for any given formu-
lation because of the above variables. Figure 1
shows that by increasing the amino acid concen-
tration, calcium and phosphorus solubility also
increased but at the expense of an increased
titratable acidity and therefore a potential
hydrogen ion load.
The severity of metabolic bone disease in

preterm infants fed intravenously is reduced if
the calcium and phosphorus intake is in-
creased.'2 Calcium and phosphorus content can
be increased by using a slightly more acidic
source of phosphorus during the formulation.

We thank Mr Nigel Edwards, principal pharmacist and his staff
at Charing Cross Hospital for support.
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