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In  24 v e ry  low b ir th  w eight in fa n ts  a p p ro p r ia te  o r  sm all fo r g e s ta tio n ­
al age, th e  m e tab o lic  response to  n u tr i t io n  w ith  h u m a n  m ilk  lyoph ilisa te  
enriched h u m a n  m ilk  w as e s tim a ted  d u rin g  th e  f i rs t  w eek o f  life.

In  c o n tra s t to  new borns a p p ro p r ia te  fo r g e s ta tio n a l age, in  new borns 
sm all fo r g e s ta tio n a l age signs o f m e tab o lic  overlo ad in g  could  be observed: 
increased  u r in a ry  am ino  acid  ex c re tio n  an d  n eo n a ta l cho lestasis. B o th  
depended  on  th e  degree  o f  fe ta l g ro w th  re ta rd a tio n .

I t  w as concluded  th a t  n u tr it io n  w ith  h u m a n  m ilk  ly o p h ilisa te  enriched 
h u m an  m ilk  ca n n o t be recom m ended  fo r v e ry  low b ir th  w eigh t in fa n ts  du ring  
th e  f irs t  w eek o f life. In  new borns sm all fo r g e s ta tio n a l ago th e  m etabo lic  
s itu a tio n  h a s  to  be e s tim a ted  before s ta r t in g  a  high p ro te in  d ie t. I f  th e  level 
o f to ta l b ile  ac id s a m o u n ts  to  m ore th a n  30 /unol/1, p ro te in  in ta k e  should  be 
increased  ca re fu lly  d u rin g  th e  f irs t w eek  o f  life.

In the first days of life pooled 
human milk (HM) is sufficient for the 
enteral nutrition of newborns weigh­
ing at birth less than 1500 g. This is 
due to the low concentration of pro­
tein and energy substrates of pooled 
HM on the one hand and the limited 
capacity of the gastrointestinal tract 
on the other hand [4]. As parenteral 
nutrition is affected by metabolic 
imbalance, nosocomial infections and 
some other factors [5, 14], con­
centrated formulae [1, 9, 10, 18] or 
enriched HM [13, 17, 19] are desired 
for the nutrition of these newborns. 
Most of these recommendations have 
been given for very low birthweight 
infants independent of their intrau­
terine development [9, 10, 17, 18, 19].

In a previous study it has been

shown that in newborns with a birth- 
weight lower than 1500 g and severe 
fetal growth retardation the metabolic 
capacity is decreased during the first 
days of life [7]. In these newborns 
feeding with native HM led to 
increased cholestasis while in new­
borns weighing more than 1500 g 
with only mild fetal growth retarda­
tion the metabolic response to enteral 
feeding with native HM showed no 
difference as compared to newborns 
appropriate for gestational age (AGA) 
[6 ].

The present study had the aim to 
clarify whether very low birthweight 
infants with mild fetal growth retar­
dation could be nourished with en­
riched HM without any risk during 
the first week of life.
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P a t ie n t s

E le v e n  p rem a tu re  AGA n e w b o rn s  fed 
h u m a n  m ilk  lyophilisate (H M L ) en rich ed  
H M  (G ro u p  1), five p re m a tu re  S G A  n ew ­
b o rn s  b e tw e e n  th e  5 th  and  1 0 th  p e rc e n tile  
a c c o rd in g  to  Lubchenco e t  a l [16 ] fed 
H M L  e n ric h e d  HM  (G roup 2), a n d  e ig h t 
p r e m a tu r e  SGA new borns w ith  t h e  sam e

degree o f  fe ta l g ro w th  re ta rd a t io n  (FG R ) 
as in  G roup  2, fed  n a tiv e  H M  w ere  s tu d ied . 
All o f  th e m  w ere  w ith o u t signs o f  ev id en t 
illness, especially  w ith o u t id io p a th ic  r e ­
sp ira to ry  d is tress  syndrom e, p e rs is te n t 
fe ta l c ircu la tio n , a n d  b a c te r ia l in fec tious 
disease.

I n  T ab le  I  d e ta ils  o f  th e  in fa n ts  stu d ied  
a re  g iven.

T a b le  I

D e ta ils  o f  th e  in fan ts  s tu d ied

Group 1 2 3

W eight a t birth, g 1396.4
(1270—1460)

1310.6
(1160— 1420)

1385.0
(1250—1410)

L en g th  a t birth, cm 40.9
(36.5—43.0)

43.4
(37.5—45.0)

44.2
(39.5—45.5)

G estational age, weeks 29.9
(29—31)

32.2
(31—33)

32.6
(32—33)

In trau te rin e
developm ent

appropriate 
for GA

small for GA small for GA

N u tritio n H M 1 +  HML2 HM +  HML native HM
N u m ber 11 5 8

1 H u m an  m ilk  2 H u m a n  m ilk  lyoph ilisa te

M e t h o d s

D u r in g  th e  f irs t week o f life th e  fo llow ing  
p a ra m e te r s  w ere estim ated  d a ily : n itro g e n  
in ta k e  (K je ld a h l m ethod), u r in a ry  n itro g e n  
losses (K je ld a h l m ethod), a lp h a  am in o  
n itro g e n  ex cre tio n  (n in h y d rin  m e th o d ) 
an d  b o d y  w eigh t. On th e  2nd , 4 th ,  6 th  
a n d  8 th  d a y s , serum  a lp h a  n it ro g e n  co n ­
c e n tr a t io n  a n d  th e  acid b a se  b a lan c e  
(A s tru p  m e th o d ) were m easu red . O n  th e  
8 th  d a y  o f  life th e  serum  b ile  a c id  c o n ­
c e n tr a t io n  (according to  Senger e t  a l  [22]), 
a n d  th e  a m o u n t o f stools w ere  a lso  e s ti­
m a te d .

T o  h a v e  com parable n itro g e n  in ta k e s  
w ith in  t h e  d ifferen t g roups, o n ly  m ilk  
fro m  m o th e r s  delivering p re te rm  b ab ies  
w as u se d  fo r n u tr itio n  as w ell a s  fo r

lyoph ilisa tion . I n  T ab le  I I  th e  com position  
o f n a tiv e  H M , a n d  H M  en rich ed  w ith  
H M L  are  g iven , a n d  T ab le  I I I  show s th e  
m ean  da ily  n itro g e n  in ta k e  in  th e  d iffe ren t 
g roups d u rin g  th e  f i r s t  w eek o f  life.

W ith in  th e  f i rs t 8 hou rs  o f  life i t  w as 
decided w h e th e r  o r  n o t a  p re d o m in a n t 
en te ra l n u tr i t io n  shou ld  be  s ta r te d . T he 
volum e o f e n te ra l feed ing  w as 45 m l/k g  
B W  as a  m ax im u m  o n  th e  f i r s t  d a y  o f  life, 
and  th is  w as increased  to  200 m l/k g  B W  
b y  th e  8 th  d a y  o f  life. D ep en d in g  on  th e  
clinical course, su p p le m e n ta ry  p a re n te ra l 
n u tr it io n  w ith  n itro g en  free  so lu tio n s w as 
g iven d u rin g  th e  f i r s t  tw o  d a y s  o f  life.

E n te ra l n u tr i t io n  w as rea lized  b y  n a so ­
gastric  tu b e  tw o  h o u rly .

F o r  s ta tis tic a l analy sis, S tu d e n t’s t te s t  
w as app lied .
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T a b l e  I I

C om position  o f  n a tiv e  pooled  h u m a n  m ilk  (HM ) a n d  h u m a n  m ilk  ly o p h ilisa te  
enriched  h u m a n  m ilk  (H M  - f  6 g  llM L /d l) u sed  in th is  s tu d y  (M +  SD )

GM UM +  6 g HML/100 ml

Protein (g/1) 1 1.8± 1.2 15.8 ±2.1
F at (g/1) 41.4±4.9 55.4 ±6.1
Lactose (mmol/1) 174.2±16.2 242.6±20.8

Osmolality (mosmol/1) 291.6 ±  11.2 384.9±19.6

R e s u l t s

During the balance periods there 
were no signs of an enteral volume 
overloading. During the study three 
patients had to be excluded owing to 
disturbances in which predominant 
enteral nutrition was impossible.These 
patients were, one with persistent 
ductus arteriosus observed on the 
3rd day of life, one with intracranial 
haemorrhage on the 2nd day of life, 
and one patient affected by E . coli 
infection on the 6th day of life. 
Disturbances of acid base balance

were not observed in any infant 
during the study.

The renal nitrogen losses were not 
significantly different. Even if there 
was an increasing nitrogen excretion 
in SGA newborns fed HML enriched 
HM from the 6th day of life, the 
differences were not significant (Fig. 
1). The slightly higher nitrogen excre­
tion in this group was caused by a 
significantly higher urinary alpha 
amino nitrogen excretion from the 
2nd day of life (Fig. 2). There were 
no significant differences between 
Group 1 and Group 3.
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T a b l e  I I I

D aily  (M +  SD) n itro g en  in ta k e  (m m ol/kg B W /24 h) in  th e  d iffe ren t g ro u p s  
d u rin g  th e  f i rs t w eek o f  life

Day Group 1 Group 2 Group 3

1 6 . 3 ± 0 . 5 6 .5 ± 0 . 7 6 . 0 ± 0 . 2

2 1 3 .9 ± 0 .9 1 4 .7 ± 1 .0 11.1  ± 0 . 3

3 1 8 .4 ± 0 .8 18 .7  ± 0 . 9 1 3 .9 ± 0 .3

4 2 1 . 6 ± 0 . 8 2 1 .5 ± 0 .8 1 6 .7 ± 0 .3

5 2 5 . 3 ± 0 . 9 25 .1  ± 0 . 8 19 .8  ± 0 . 4

6 2 8 . 9 ± 0 . 9 29 .1  ± 0 . 9 2 2 .1  ± 0 . 4

7 3 2 . 4 ±  1.1 3 2 . 5 ±  1 .0 2 4 .9 ± 0 .5

8 3 5 . 4 ±  1.1 3 5 .7 ± 1 .1 2 7 . 6 ± 0 . 6
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1 2  3 4 5 6 7 8
days

F ig . 1. A G A  ( I / / / / / // / / // / I )  a n d  S G A  ( l / IM I/ '/ i / ! / ;)  in fa n ts  fed  H M  enriched  w ith  H M L  and  
SG A  in fa n ts  ( M i l l )  fed n a tiv e  pooled  H M

The amount of stools in SGA new­
borns fed HML enriched HM was 
twice more than in AGA newborns 
fed HML enriched HM; they amount­
ed to 28.9 ±  6.2 g/kg BW/24 h, and
13.2 i  4.9 g/kg BW/24 h, respec­
tively.

The significantly higher stool losses 
and the slightly increased renal nitro­
gen excretion in SGA newborns fed 
HML enriched HM led to a steadily 
increasing difference in the nitrogen

balance in Group 1 (Fig. 3). From 
the 6th day of life this difference has 
become significant. In the same 
period, the differences between SGA 
newborns fed HML enriched HM and 
those fed native HM has become 
smaller day by day (Fig. 3).

In contrast to the very different 
urinary alpha amino nitrogen excre­
tion (Fig. 2), the serum concentra­
tions were not so different (Table IV). 
In both groups fed on HML enriched

F ig . 2 . M e a n  (M  +  SD ) d a ily  r e n a l  a m in o  a c id  e l im in a t io n  (m m o l/k g  B W ) 2 4 h  in  A G A  
( Ilii I I  I I  I I  I  II I) a n d  SG A  (l/l/l/l/l/l/l/l) i n f a n t s  fe d  H M  e n r ic h e d  w i th  H M L  a n d  in  S G A  in fa n ts

( Ml  I I I )  f e d  n a tiv e  p o o led  H M

A c ta  P a c d ia tr ic a  H u n g a r ic a  2 6 , 1 9 8 5



О Boehm et a l: N utrition  of newborns 265

F ig . 3. M ean (M +  SD) d a ily  n itro g en  balance  (m rno lkg  BW ) (24h) in AGA (7/7//////// ) and  
SGA (|/|/|/|/|/l/l/l) in fan ts  fed H M  enriched  w ith  H M L , a n d  SGA in fan ts (I I I I I) fed  n a tiv e

pooled H M

HM the serum alpha amino nitrogen 
concentrations were higher than in 
Group 3 in the second part of the 
observation period, while in SGA 
newborns fed native HM were the 
lowest con.entrations observed. The 
differences between Group 1 and 
Group 2 were significant only on the 
8th day of life (p <  0.01), and between 
Group 2 and Group 3 on the 6th and 
8th days of life (p <  0.05 and <0.01, 
respectively).

The serum concentrations of total 
bile acids were remarkably high in

SGA newborns fed HML enriched 
HM,on the 8th day of life (Fig. 4); 
there was a significant difference 
between the AGA and SGA newborns 
fed native HM (p <  0.01). In SGA 
newborns the higher protein intake 
led to a significant increase in serum 
total bile acid concentration (p <  0.01) 
and the values reached were unam­
biguously pathological.

The highest postnatal weight loss 
was observed in Group 1 (Table V). 
The difference between Group 1 and 
Group 2 as well as between Group 2

T a b le  IV

ba am ino co n cen tra tio n
d iffe ren t

(mmol/1) d u r in g  th e  
g ro u p s  (M +  SD )

first w eek o f

Day Group 1 Group 2 Group 3

2 3.39±0.51 3 .49± 0.67 3.47 ±0.65

4 3.38 ± 0 .63 3.71 ± 0 .71 3.11 ±0.59

6 3.26±0.59 3.92±0.81 2.97±0.60

8 3.22±0.62 4 .36± 0 .78 2.62±0.64
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F i g . 4 .  M ean  (M +  SD) se ru m  co n cen tra tio n  o f  b ile  a c id s  in  AGA in fa n ts  fed  n a tiv e  
poo led  ЫМ (| I) as w ell a s  H M  enriched w ith  H M L  (Г/7/////////1) and  SGA in in fa n ts  

a ls o  fe d  n a tiv e  pooled  H M  (| | | | |) as w ell a s  H M  enriched w ith  H M L  
( l / l / l / l / l / i / l / l ) ,  on th e  8 th  d a y  o f  life

T a b l e  V

B o d y  w eig h t (M +  SD ) in  th e  d ifferen t g ro u p s  d u rin g  th e  firs t w eek o f  life

Group 1 2 3

Maximum postnata l — 1.5 +  0.6 1.0
weight loss, per cent ±1.10 ± 0 .6 9 ±0.87

BW  on the 8th day  of +0 .99 +  1.21 + 0 .4
life, in per cent of 
b irth  weight

±0.49 ± 0 .63 ±0.43

and Group 3 was significant (p <  
<  0.01), whereas there was no dif­
ference in relative body weight be­
tween Group 1 and Group 2 on the 
8th day of life, but relative body 
weight was significantly lower in SGA 
newborns fed native HM (p <  0.05).

D is c u s s i o n

The metabolic situation of SGA 
newborns was characterized, depend­
ing on the fetal growth retardation, 
by a reduced cellular mass caused by 
the reduced number of cells as well

as the reduced cell volume, lower 
intracellular concentration of enzy­
mes, and low insulin levels [2, 8, 15, 
20]. All these result in a diminished 
functional capacity of the liver of 
such infants, leading to particular 
problems of nutrition during the first 
days of life. There is a discrepancy 
between the substrate deficiency 
caused by fetal malnutrition and a 
limited capacity for substrate uti­
lization. As it has been shown in SGA 
newborns with severe fetal growth 
retardation, feeding native HM in the 
same amount as in the present study 
caused metabolic overloading [6, 7].

Acta Paediatrica Hungarica 20, 1985
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The present results demonstrate that 
in SGA newborns with mild to moder­
ate fetal growth retardation, feeding 
of HML enriched HM may overcharge 
the metabolic capacity during the 
first week of life.

Two facts seem to be important: 
the insufficient utilization of reab­
sorbed amino acids and the increased 
cholestasis.

Because only HM was used in the 
present study, an inadequate amino 
acid supply could not be the cause 
of the high amino acid excretion in 
SGA newborns fed HML enriched 
HM [4, 20, 21]. The high serum 
concentration of bile acids points to 
an overcharged liver function [12, 
22, 25]. The insufficient amino acid 
utilization shown by the urinary 
amino acid elimination increases with 
increasing protein intake.

On basis of the present results the 
question cannot be answered when 
the postnatally developing liver func­
tion permits a higher nitrogen intake. 
Most investigators started nitrogen 
balance studies when enteral feeding 
had reached a constant level, e.g. 
during the 2nd or 3rd week of life 
[11, 13, 19, 23]. This, together with 
the different degree of fetal growth 
retardation of the investigated new­
borns may be the most important 
reason for the fact that the limited 
metabolic capacity of SGA newborns 
has been described by only few 
investigators [7, 15, 20], while a high 
protein intake was recommended for

all low birth weight infants [1, 9, 10, 
13, 17, 18, 19].

The higher amount of stools of SGA 
newborns fed HML enriched HM than 
that of AGA newborns on the same 
diet must have also been due to 
the inadequate liver function and 
especially to the limited fat absorp­
tion [9, 12].

The higher osmolality of HML 
enriched HM (Table II) did not cause 
any clinical problem during the obser­
vation period, but in agreement with 
some other authors [3] we decided 
that 400 mosmol/1 should be the 
upper limit from this point of view.

In SGA newborns as well as in AGA 
newborns, nitrogen retention can be 
improved by increasing the protein 
intake. The signs of a metabolic 
overloading in SGA newborns, espe­
cially the high serum concentration 
of bile acids, are, however, reasons to 
increase the protein intake very care­
fully in these infants during the first 
week of life. The serum concentration 
of bile acids seems to be a good 
marker to recognize this metabolic 
situation. In each case with a serum 
bile acid concentration of more than 
30 pmol/l one hour after a meal, 
concentrated nutrients are certainly 
unfavourable. Thus, in SGA newborns 
concentrated HM or formulae cannot 
be recommended for very low birth- 
weight infants. The influence of fetal 
growth retardation on metabolic ca­
pacity has to be estimated before 
starting a high protein diet.

Acta Paedialrica Hungarica 26, 1985
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