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Metabolic acidosis, nitrogen balance and weight

gain in preterm infants

E. Sulyok

Department of Pediatrics, University Medical School, Pét«

(Received 27 March, 1976)

Nitrogen balance, urinary NAE and the acid base parameters in the
blood of 15 male preterm infants with birth weights of 1000 —2370 g (mean
1715 g) and gestational age of 29—37 weeks (mean 33.3 weeks) were de-
termined weekly, in the first six weeks of life.

The sum of NAE plus acid retention, as “total acid”, was used to
investigate the relationship between nitrogen balance, weight gain and
acid-base homeostasis.

During the first three postnatal weeks, nitrogen intake, urinary and
faecal loss of nitrogen as well as the nitrogen retention were rapidly increas-
ing. Later, urinary excretion continued to rise, the intake remained un-
changed and as a result, the amount of retained nitrogen decreased slightly.

Urinary NAE was steadily increasing to reach the maximum of 2.8
mEq/kg by the fourth week. Acid retention was the most pronounced in
the second and third week, thereafter it fell until the end of the study.
The importance of NAE relative to acid retention was continuously increas-
ing throughout the observation period.

The “total acid” increased gradually and reached its peak value in
the third week of life. Subsequently a continuous fall was seen.

During the first three ;weeks of life there was a significant positive
correlation between “total acid” and nitrogen intake and urinary nitrogen
extraction. Since the increase in “total acid” went parallel with the increas-
ing nitrogen retention, the latter may be assumed to be an additional factor
in producing acidosis.

Calculated per 100 mg nitrogen ingested, retained or excreted with
urine, ,total acid” was decreasing with the increasing rate of weight gain.
This indicates that the growth process — irrespective of the postnatal
development of renal H+ handling — is also involved in the elimination
of acids.

It is generally accepted that during

the first postnatal weeks the increas-
ing acid input and the limited renal
capacity to excrete hydrogen ions

lead to a positive acid balance and
to maintenance of the acidotic state
in low-birth-weight neonates [10, 11].
Under usual conditions the net non-

volatile acid (NVA) input mainly
originates from protein catabolism
[14]. Net wurinary acid excretion

(NAE) of premature infants varies to

a great extent from week to week

depending on the maturity of the
kidney and on the acid
excreted [5, 7, 8, 9, 10, 11, 18, 22, 23,
25, 26].

The present longitudinal study was
undertaken to investigate the rela-
tionship between some well-known
factors such as protein catabolism,
weight gain and urinary NAE, all

load to be
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affecting the acid-base homeostasis of

premature infants during the first

six weeks of life.
In an effort to overcome the dis-

turbing effect of the rapidly changing

renal contribution to the control of
acidosis, the sum of NAE and acid
retention (called “total acid”) was

used to assess the influence of differ-

ent growth-rates and the components

of nitrogen balance.

Material and Methods

A group of male preterm infants was
selected for the study. Pregnancy, delivery
and perinatal course were uneventful in
all cases. The birth weights and gestational
ages ranged from 1,000 to 2370 g (mean,
1715 g) and from 29 to 37 weeks (mean,
33.3 weeks), respectively.

The infants were fed appropriate cow’s
milk formulas. Food intake was gradually
increased nearly at the same rate in every
infant to attain a calorie and fluid intake
of 120 —140 cal/kg and 180—200 ml/kg,
respectively, by the end of the second week
of life. Nitrogen balance, urinary net acid
excretion and the acid-base parameters of
blood were determined on the 7th day and
thereafter weekly for 6 weeks.

Urine was collected fractionally under
toluene for a period of 24 hours. The
specimens were refrigerated, pooled and
analysed for pH, titratable acidity, ammo-
nia and total nitrogen.

Analytical procedures

Arterial blood acid-base status was
determined by the method of Astrup [2].
Urinary pH was measured at 38 °C,
titratable acidity according to Polin (end
point of titration, pH 7.4), urinary ammo-
nia according to McCullough [16]. Urinary
bicarbonate was calculated from Gamble’s
nomogramme using the corresponding pH
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value [6]. Kjeldahl’s method was used to
determine the total nitrogen content of
urine and that of the cow’s milk formulas.

Calculations

Net acid excretion consisted of the sum
of urinary titratable acid plus ammonium
ion minus bicarbonate.

The amount of retained acids was cal-
culated from the base excess by an arbi-
trary assessment. According to this a change
of one mEq/1 of base excess in the prema-
ture infant corresponds to about 0.5 mEq
of acid/kg body weight [9, 12].

Nitrogen retention was calculated as
the difference between the nitrogen intake
and the sum of the urinary and faecal
nitrogen losses. The nitrogen lost in the
stools was approximated to be 15% of the
nitrogen ingested irrespective of birth
weight, postnatal age or protein intake [27,
28].

Statistical analysis was performed by
calculating the coefficient of correlation,
the equation of regression, the mean and
the standard errors. The p values presented
were determined by Student’s t test.

Results

Postnatal changes in nitrogen balance

Intake, urinary excretion and faecal

loss of nitrogen as well as nitrogen
1 and

during

retention are shown
Table 1. It
the first three weeks, nitrogen

in Figure
can be seen that
intake
was rapidly increasing, but thereafter
it remained practically unchanged.
Urinary nitrogen excretion showed
a moderate stepwise increase through-
out the whole observation period.
Faecal nitrogen was approximated
15% of the

nitrogen irrespective of postnatal age,

to account for ingested

therefore its postnatal changes were

similar as those ofthe nitrogen intake.
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r Fig. 1. Nitrogen balance of preterm infants during the first six weeks of life

Table |

Postnatal changes in nitrogen balance of preterm infants
during the first six weeks of life

Nitrogen intake

Age, weeks mglkg/day
1 mean 410.4
n 5 s
S. E. 242 9
2 mean 594.2
n 15
S. E. 27.9
3 mean 098.1
n 14
S. E. 25.6
4 mean 656.4
n 13
S. E. 260 ©
5 mean 646.2
n 1n
S. E. 29.4
6 mean 598.4
n 10
S. E. 32.8

As a result of these changes a
continuously positive nitrogen ba-
lance developed. The amount of re-
tained nitrogen increased at a slow
rate until the third week followed by
a slight gradual fall during the
further periods of observation.

Nitrogen loss (mg/kg/day) Nitrogen retention

. mg/Kg/ciay
urinary fecal
189.4 one 160.3

15 5 o 15 )]
18.2 3.6 268 A
221.8 89.1 2823 1 o
15 15 15 0
17.8 4.1 28.5
2399 o 104.7 348.8

14 o G 14 14
27.6 © 3.8 26.6
234.1 98.5 318.5

13 13 g 13
22.9 39 o 10.0 0
256.5 96.9 292.5

n n n

18.8 5.0 28.9
263.1 89.8 247.8

10 10 10
28.0 4.9 414

Postnatal changes in retained acids
and NAE

As shown in Figure 2 and Table 11
the urinary NAE is steadily increas-
ing and reaches its maximum of 2.8
mEg/kg/day at the end of the fourth
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POSTNATAL AGE. WEEKS

Fig. 2. Retained acids and urinary NAE of preterm infants during the first six weeks
of life

Table

Postnatal changes in urinary NAE, acid retention and “total acid”
of preterm infants during the first six weeks of life

Age, weeks 1 2 3 4 5 6
urinary NAE mean —0.9444%4 1.834 2.354  2.784 2.35 2.20
mEq/kg/day n 15 15 14 13 u 10
S. E. 0.15 0.25 0.33 0.35 0.25 0.32
acid retention mean 3.7112'3 4.711 4.50 3.37 2.612 2.043
mEq/kg/day n 15 15 14 13 n 10
S. E. 0.30 0.50 0.44 0.50 0.43 0.48
“total acid” mean 4.61272 6.572 6.8123 6.20 4.96 4.253
n 15 15 14 13 1 10
S. E. 0.49 0.04 0.78 0.60 0.56 0.70
*p < 0.05
2 < 0.025
3 < 0.01
b < 0.005
week. Later it persists at this level the NAE and the retained acids

or undergoes a slight,
insignificant decrease.
Acid retention is the most pro-
nounced in the second and third
week and it falls to about 2 mE/kg
by the end of the study. The amount
of acids represented by the sum of

statistically

gradually increases and reaches its
peak value in the third week of life.
Subsequently, a marked continuous
fall occurs.

Figure 3 illustrates the relationship
between NAE and retained acids.
The importance of NAE against acid
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Fig. 3. Postnatal changes in the importance of urinary NAE in relation to acid reten-

tion in preterm

retention is continuously increasing
even in the 5th and 6th weeks of life
when the absolute value of NAE is
practically unchanged, due to the
decreased acid load to be excreted.
This suggests that in the disappear-
ance of late metabolic acidosis, fac-
tors other than renal acid excretion
must also be involved.

Relationship between nitrogen balance
and NAE -(- acid retention

During the first three weeks of
life, when late metabolic acidosis

cr5
Hi,
QT

\zzm
Li,
7

E
P

Fig. 4. Relationship between

“total acids’* and nitrogen

infants

develops, there is a significant posi-
tive correlation between nitrogen in-
take and the sum of NAE plus acid
retention (Fig. 4).

Figure 5 shows the amount of
“total acids” vs. urinary nitrogen
excretion. A significant positive re-
lationship may also be seen indicat-
ing that the development of acidosis
is due to the increased protein cata-
bolism. When total acids are plotted
as a function of nitrogen retention,
such a relationship cannot be found
(Fig. 6). However, mean nitrogen

intake of preterm infants

during the first three weeks of life
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Fig. 5. Relationship between ‘total acids” and urinary nitrogen excretion of preterm
infants during the first three weeks of life

NITROGEN RETENTION

mg / kg / day

Fig. 6. Relationship between “total acids” and nitrogen retention of preterm infants
during the first three weeks of life

retention and “total acids” show a
similar tendency to rise during the
first three postnatal weeks.
Calculated per 100 mg nitrogen
ingested, retained or excreted in
urine, the amount of “total acids” is
gradually decreasing from the second
week of life and the lowest values are
attained by the 5th and 6th weeks
(Fig. 7). There is an inverse relation-
ship between the fall of these ratios

and weight gain: the more pro-
nounced the fall, the higher the rate
of weight gain. These findings mean
that the acid load derived mainly
from protein catabolism is partly
eliminated by processes involved in
growth.

The pattern of “total acids” per
100 mg nitrogen retained is slightly
different from that related to the
ingested or excreted nitrogen. It dis-
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Fig. 7. Postnatal changes in “total acids” per 100 mg nitrogen ingested, excreted and
retained, and their relation to the weight gain of preterm infants during the first six
weeks of life

plays a marked fall in the second week
and after the third week remains
nearly unchanged indicating that
during the period of initial weght
loss the retained nitrogen may cause
acidosis.

Discussion

The development of metabolic aci-

dosis in preterm infants is ascribed

to an imbalance between metabolic
acid production and the efficiency of
the processes involved in the elimina-
tion ofthe endogenous and exogenous
acid load.

On the basis of their 2 to 3 times
higher protein intake, metabolic hyd-
rogen ion production per kg of body
weight for infants was assumed to
exceed that for adults [1]. Chan [3]
studied the endogenous acid produc-
tion of 1 to 2 weeks old preterm
infants by measuring the urinary
concentration of sulphate and organic
anions. The rate of endogenous acid
production was 2 3 inEqg/kg/day,

and the kidney excreted only about

65% of the acid produced, even if
the acid-base status was in equi-
librium.

In the present study, endogenous
acid production was not measured
directly, but the data concerning
“total acids” allowed to draw some
conclusions as to metabolic hydrogen
ion production.

(i) During the first three weeks of
life, urinary net acid excretion is
steadily increasing and at the same
time acid retention is slightly in-
creased or unchanged. This provided
indirect evidence of the rising rate of
endogenous acid production.

(ii) Under our nursing conditions
the rate of metabolic acid production
reached the level of 2 3 mEq/kg/day
measured by Chan only after the
second postnatal week, even when it
was taken into account that in a
steady acid-base status about 35%
of the acid production is not excreted
by the kidneys.

(iii) In good agreement with pre-
vious reports, the increasing protein
intake resulted in an increase of
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acidosis and/or urinary acid excre-
tion. The rise is thought to be due to
an increased protein catabolism [4, 5,
8, 9, 10, 11, 24, 26]. The increased
protein intake resulted not only in
enhanced urinary nitrogen excretion,
but also in an increase of nitrogen
retention. Since during the first three
weeks of life, mean nitrogen retention
and “total acids” showed a similar
rising tendency, the nitrogen retained
may also be considered an additional
factor in producing acidosis. In sup-
port of this assumption it must he
mentioned that in this early period
of life only part of the nitrogen is
incorporated to form new protein,
whereas a considerable amount s
accumulated in the body fluids in the
form of free amino acids. The higher
the protein intake, the higher the
level of total free amino acids [15,
21]. It was shown that in low-birth-
weight neonates fed a standard for-
mula, the plasma amino acids were
constantly rising and reached the
maximum by the second and third
week of life [29]. These values proved
to be considerably higher than those
found for older infants [21], and the
question remains whether the elevat-
ed free amino acid level may interfere

tion, and the basal metabolic rate
[17, 20] are further increasing during
the same period of life.

As a result of the constantly in-
creasing acid production the disap-
pearance of late metabolic acidosis
may only be due to the more rapid
increase in the efficiency of com-
pensatory mechanisms.

The role of limited renal capacity
for hydrogen ion excretion was re-
peatedly studied [5, 7, 8, 9, 10, 11,
18, 22, 23, 26] and its postnatal
development was considered to be
the main factor leading to a reestab-
lishement of the normal acid-base
status [9, 10, 11, 22, 25, 26].

In the present longitudinal study
the importance of renal contribution
was indicated by the progressive
increment in net acid excretion rela-
tive to acid retention over the whole
period of observation. It was, how-
ever, also suggested that a consider-
able amount of acid must be elimin-
ated by other mechanisms.

On the basis of theoretical and
experimental evidence, growth pro-
cessess may also affect acid-base
homeostasis [11]. The skeletal growth
due to deposition ofsolid base [12, 13]
and the formation of new body water

with cellular metabolism possibly due to its bicarbonate content, libe-
leading to acidosis. rates hydrogen ions [19]. On the
(iv) In spite of the marked declinecontrary, the synthesis of new cell

in “total acids” and the steady level
of urinary -iet acid excretion after the
third week of life, endogenous acid
production may be assumed to con-
tinue to rise. This is supported by
the fact that protein catabolism,
measured as urinary nitrogen excre-

solids is considered to be an acid
consuming process [19]. Unfortunat-
ely, no direct quantitative informa-
tion is available as to the overall
effect of the growth rate on acid-base
status.

The present findings are consistent
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with earlier observations that a failure
to grow results in development of
metabolic acidosis [10, 11] by de-
monstrating a higher ratio between
the “total acids” and the nitrogen
ingested, excreted or retained during
the period of slow weight gain. The
decrease of these ratios may be the
result of the growth process itself i.e.
of the postnatal change in body com-
position, but it may also be due to an
increased contribution of non-renal
mechanisms accompanying growth.
The importance of transintestinal ion
transport in the regulation of acid-
base homeostasis has been shown [12]
but further studies are needed to
quantitate its participation in the
control of acidosis in infants of
various ages with various degrees of
metabolic acidosis.
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