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Renal solute load in preterm infants

M De Curtis, J Senterre, J Rigo

Abstract
We performed metabolic balance studies in 77
preterm infants fed on human milk or adapted
formulas, to determine the renal solute load
and compared it with the potential renal
solute load estimated by the composition of
the diet or the urine according to Ziegler's,
Bergman's, and Shaw's calculations. The
renal solute load found in preterm infants was
lower than that observed in young full term
infants. Although all calculations predicted
the renal solute load weli, the equation pro-
posed by Ziegler and Fomon from dietary pro-
tein and electrolyte load appears to be the
simplest to calculate renal solute load accu-
rately in preterm infants.
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Renal solute load consists of the metabolic end
products, especially nitrogenous compounds
and electrolytes, that must be excreted by the
kidneys. These solutes arise from endogenous
sources and from the diet.

Prediction of renal solute load is important
because renal function is not fully developed in
the neonatal period, particularly in preterm
infants. Indeed because of their limited renal
concentrating ability, immature infants can

develop negative water balance when fed on

formulas with a high renal solute load, or if they
are given a low water intake, or develop
increased extrarenal losses of water.

Ziegler and Fomon derived a simple method
to predict renal solute load from dietary protein
and electrolyte intake in growing full term
infants of 4000 to 7000 g fed cows' milk.'
Because some of the assumptions in their calcu-
lations are not appropriate for growing infants
with immature renal function Bergman,
Ziegler, and Fomon published another method
for predicting the renal solute load in growing
preterm infants.2
Shaw et al have described the estimation of

renal solute load in growing preterm infants
from urinary excretion of urea and electrolytes,
assuming a retention of nitrogen, sodium, and
potassium based on rates of intrauterine
accretion.3
The aim of this study was to compare the

potential renal solute load (calculated from the
equations proposed by these authors) and the
measured renal solute load in preterm infants
fed on human milk or different formulas during
metabolic balances.

Patients and methods
Metabolic balance studies were carried out in 77
male low birthweight infants of appropriate

weight for gestational age; 16 were fed on
human milk and 61 on adapted formulas. There
were no significant differences between the two
groups in mean (SD) birth weight (1788 (199)
compared with 1786 (204) g), gestational age (33
(2) compared with 33 (2) weeks), age, and
weight at beginning of the study (21 (7) com-
pared with 20 (7) days) and (2056 (230) com-
pared with 2025 (277) g).
None of the infants had any congenital abnor-

mality or medical problems at the time of the
studies.

Informed consent was obtained from the
parents.

NUTRITIONAL BALANCE
The infants were fed by nasogastric tube or by
bottle when possible. The approximate volume
of human milk or formula needed for the entire
study was pooled, carefully mixed, and an ali-
quot was taken for chemical analysis.
The nutritional balance consisted of precise

measurements of intake and output over a three
day period, during which the infant lay on a
metabolic bed placed within an incubator as
previously described.4 The intake of feed was
measured volumetrically. Stool and urine were
collected separately.
During each three day period urine was

collected into a bottle containing 2 ml 10% thy-
mol solution in isopropanol and kept cold in ice
water. At the end of each 24 hours, urine collec-
tion was stored at -20°C. After thawing analy-
ses were performed on the three day pooled
urine collection.

ANALYSIS
From aliquots of prepared milk and urine,
nitrogen was determined by the standard micro-
Kjeldhal method, sodium and potassium were
measured by a flame photometer, and chloride
by mercuric titration.5

Energy content of human milk was estimated
at 0-28 MJ/100 ml while that of infant formulas
was as stated by the manufacturers and the
range varied between 0-26 and 0-33 MJ/100 ml.

Urine osmolality was determined by the
Fiske apparatus, creatinine was determined
using a modification of Jaffe's method,
ammonia by the Berthelot reaction, and uric
acid, calcium, and phosphorus by methods used
for their measurement in milk.5

CALCULATION OF POTENTIAL RENAL SOLUTE
LOAD
The true renal solute load was calculated from
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urinary volume and urinary osmolality. Poten-
tial renal solute load, calculated as proposed by
Ziegler and Fomon, was defined as the sum of
nitrogen, sodium, potassium, and chloride in
the intake. Each gram of dietary protein was
considered to yield 4 mmol of renal solute load.

According to the equation proposed by Berg-
man et al, the potential renal solute load was
also evaluated from the sum of dietary nitrogen,
sodium, potassium, chloride, and phosphate.
These workers assumed that all dietary protein
is metabolised and all the metabolic products
are presented to the kidney for excretion, so
each gram of dietary protein was considered to
yield 5-7 mmol of renal solute load.

Because the growing infant incorporates into
new tissue a portion of those substances present
in the diet (protein, potassium, phosphate, etc),
which in the non-growing subject would be pre-
sented to the kidney for excretion, an 'osmolar
equivalent of weight gain' was removed from
the calculated potential renal solute load. A
theoretical estimate of the size of this sparing
effect, based on the body composition of the
newborn infant, suggests an osmolar equivalent
of weight gain of 0-9 mmol/g weight gain.2

Finally, the potential renal solute load was
evaluated using Shaw's calculations, from the
equation: total urine solute=(urine urea/mmol/
day)x2(urinary Na+urinary K/mmol/day).3
Urine urea and urine sodium (Na) and potas-
sium (K) were calculated by subtracting from
the intake a quantity assumed to be retained in
growing preterm infants: 320 mg nitrogen/kg/
day, 1 mmol/kg/day of sodium, and 0 7 mmol/
kg/day of potassium.3

All values are expressed per kg body weight/
day.

STATISTICAL ANALYSIS
The significance of the difference between the
arithmetic means was evaluated using Student's
t test. The association between potential renal
solute load and measured renal solute load was
analysed using the method of least squares and
linear regression analysis.

Results
The table reports the results of metabolic
balance studies in the two groups expressed as
mean (SD)/kg body weight/day. Volume and
energy intake were similar in the two groups.

Nitrogen intake in the formula fed group was
significantly higher than in the group fed
human milk because of the higher protein con-
tent of formula. The infants fed on human milk
received an average of 424 mg nitrogen/kg/day
corresponding to a net protein intake of 2-7
g/kg/day. Infants fed on formula received an
average of 548 mg nitrogen/kg/day correspond-
ing to a net protein intake of 3-4 g/kg.
Phosphorus intake was higher in formula fed

infants than in the group fed on human milk.
Urinary volume was similar in the two groups
and represented about three quarters of the
volume intake. Nitrogen excretion was signifi-
cantly higher in formula fed infants and aver-
aged 21% of the nitrogen intake in the group fed

Results of metabolic balance studies in the two groups.
Values are expressed as mean (SD)/kg body weightlday
unless otherwise stated

Type of milk
Human Infant formula
(n=16) (n=61)

Intake
Volume (ml) 194 (7) 193 (8)
Energy (MJ) 0 54 (0-42) 0-51 (0-71)
Nitrogen (mmol) 30 3 (2 3) 39-1 (8 4)
Sodium (mmol) 1-3 (0-1) 1-8 (0-6)
Potassium (mmol) 2-6 (0 2) 3-2 (0-4)
Chloride (mmol) 2-6 (0-2) 2-3 (0-6)
Phosphorus (mmol) 0 94 (0 06) 2-29 (0-29)

Output
Urine volume (ml) 141 (14) 140 (16)
Osmolality (mmol/kg) 102 (19) 143 (40)
Renal solute load (mmol) 14-4 (3-1) 19-7 (4 3)
Nitrogen (mmol) 6-4 (1-4) 14-9 (6-8)
Urea (mmol) 2-28 (0-76) 5-56 (2-97)
Creatinine (mmol) 0-11 (0-01) 0-12 (002)
Uric acid (mmol) 0-16 (0-02) 0-37 (0 03)
Sodium (mmol) 0 7 (0-6) 1-1 (0 7)
Potassium (mmol) 1-3 (0 3) 1-5 (0-6)
Chloride (mmol) 2-1 (0 7) 1-6 (0-7)
Calcium (mmol) 0 5 (0 2) 0-2 (0-1)
Phosphorus (mmol) 0 03 (0-03) 1-29 (0-52)
Ammonia (mmol) 0-6 (0 2) 1-3 (0 4)
Renal solute load/0-42 MJ 11-2 (2-4) 16-2 (3 9)
Weight gain (g) 15 (2) 15 (3)

on human milk and 38% in the formula fed
group. Distribution of total urinary nitrogen
was 72% in urea, 10% in uric acid, 9% in
ammonia, 5% in creatinine, and 2% undeter-
mined in the group fed human milk and 76%,
10%, 9%, 4%, and 1% respectively in the
formula fed group.
As shown in fig 1, the contribution of urea to

the renal solute load increased with increasing
renal solute load.
Combined urinary excretions of sodium,

chloride, and potassium accounted for approxi-
mately 60% of dietary intake in both groups (on
average 63% in the group fed human milk and
57% in the formula fed group). The remainder
of the renal solute load was almost constant.
There was a highly significant association

(r=0-74; p<0001) between potential renal
solute load estimated by Ziegler and Fomon and
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Renal solute load (mmol/kg/day)

Figure I Composition ofrenal solute load. Na, sodium;
K, potassium; Ca, calcium; Mg, magnesium; and NH3,
ammonia.
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the measured renal solute load (renal solute
load=0-89 potential renal solute load+0 6) (fig
2). There was also a significant relationship
between the measured renal solute load and the
potential renal solute load as estimated accord-
ing to Bergman et al (r=0-66; p<0001) (renal
solute load=0-54 potential renal solute load+
10-9) (fig 3); and as estimated according to
Shaw (r=0-74; p<0001) (renal solute load
=0-6 potential renal solute load+ 10 5).

0
0

-20 . Discussion
Solute that must be excreted in the urine is
referred to as the renal solute load and its main

6- *<. * contributors are nitrogenous substances and
,, 15-. electrolytes. The measured renal solute load in

our infants ranged from 9 to 18-9 mmol/kg body
/. weight/day in the group fed human milk and

/ o tfrom 1 -3 to 32-3 in the formula fed group. The
10 * renal solute load expressed/0o42 MJ energy

intake was on average 11 2 and 16-2 mmol/kg
body weight/day in both groups. These results
appear lower than those observed in young

51. infants.6 This can be explained by the higher
growth rate of preterm infants associated with a
raised nitrogen and mineral retention rate.
Mean urinary osmolar concentration was on

_____E ____,____,____, ____, ____,____,___ average about 102 mmol/l (range 69-129) in the
0 10 15 20 25 30 35 group fed human milk and 143 mmol/l (range

Potential renal solute load (mmol/kg/day) 92-212) in the formula fed group. An estimate
of renal solute load should be simple if it is to be

igure 2 Relationship between the potential renal solute load estimated by Ziegler and useful in paediatric practice. The simplest cal-
omon' and true renal solute loadfound. culation to predict renal solute load in preterm

infants is that of Ziegler and Fomon because it
is based on dietary intake of nitrogen and three
major minerals: sodium, potassium, and
chloride.

It is quite clear that the equation of Ziegler
35- and Fomon (fig 2) not only produces results

with a good correlation coefficient, but a slope
that is fairly close to the line of equality. Thus

30- across the range tested the equation is equally.i.. effective at predicting the true solute load. By
*4ss--° contrast the data produced by using Shaw's

equation (fig 4) give a similar correlation coeffi-
25. cient but a slope that is very different from zero

and a fairly large constant value. This means
that the formula is very inaccurate when used at

*. * w the lower end of the scale: for example when the
20. equation predicts a value of about 7 mmol/kg/

day, the true value is likely to be about 14. The
: 'O*.> *. * same criticism applies to Bergman's equation

15 * < .- * (fig 3) in which the slope is even shallower and
/ * * *. the constant value slightly higher.

Bergman's calculation, which also considers
* . * the phosphorus intake, and the weight gain, and

10- assumes that all dietary protein is excreted as
urea, gave a less good estimation of the true
renal solute load.
The ranges of urinary osmolality in our study

5- appear particularly low. This could be due to
high urinary volume and to low extrarenal water
losses. Assuming that 10 ml/kg/day of water

___________________________________________________________ are retained for a normal growth of 15 g/kg/day
0 5 10 15 20 25 30 35 by a preterm infant,7 8 we estimated the extra-

Potential renal solute load (mmol/kg/day) renal water lost at 43 ml/kg/day in both groups
studied. This is represented in part by water

igure 3 Relationship between thepotential renal solute load estimated by Bergman et a2 lost in faeces, which is almost constant (5-10
nd true renal solute loadfound. ml/kg/day) and by insensible water losses that
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Figure 4 Relationship between the potential renal solute load estimated by Shaw et al3,and true renal solute loadfound.

are variable and increase with decreasing body
weight and gestational age.
The main conclusion of this study is that in

healthy preterm infants fed on human milk and
adapted formulas there is a relatively low renal
solute load in comparison with older infants.
This will not stress the urinary concentration
mechanism if the extrarenal water losses are low
and the urinary volume high.
The calculation proposed by Ziegler and

Fomon to predict renal solute load in term
infants appears to be a simple and a precise
method for estimating renal solute load in
healthy preterm infants.
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