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Jaundice in preterm infants with hypoxia 
of various severity*
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M axim um  se ru m  b ilirub in  co n cen tra tio n  a n d  th e  possible in flu en c in g  
fac to rs w ere s tu d ied  in  th re e  groups o f  p re te rm  in fa n ts  suffering  from  h y a lin e  
m em brane disease. T h e  g roups w ere selected  acco rd in g  to  th e  se v e r ity  o f 
hypox ia , e s tim a ted  o n  clin ical g rounds. I t  w as fo u n d  th a t  th e  se v e r ity  o f 
hy p o x ia  p e r  se d id  n o t  in fluence  th e  p eak  b iliru b in  level. F ro m  a m o n g  th e  
p a ram ete rs  s tu d ied , o n ly  caloric in ta k e  co rre la ted  s ig n ifican tly  an d  n eg a tiv e ly  
w ith  m ax im um  b iliru b in  concen tra tion  in  th e  to ta l  p a t ie n t  m a te ria l, a n d  m ore 
s trong ly  in  th e  su rv iv in g  in fan ts.

The role of hypoxia in lowering 
toxic bilirubin concentration has well 
been established [4, 7, 9]. Much more 
debated is, however, w hether hypox- 
aemia, hypercarbia and acidosis by 
themselves increase the hyperbiliru- 
binaemia. Difficulties in answering 
the question are due to  the  fact th a t  
serum bilirubin level depends on the 
balance of production and excretion, 
both determined by m any mecha­
nisms. In  a previous study  (2) it  was 
concluded th a t jaundice m ay have 
varied widely in preterm  and full term  
infants with perinatal hypoxia, which 
probably did not influence th e  hyper - 
bilirubinaemia.

The severity of perinatal hypoxia 
can be variable and no satisfactory 
method to quantify it could so far 
been found. Consequently, the patient

material stud ied  by us previously 
must have been inhomogeneous from 
this point of view. For this reason an 
attem pt has been made to study  and 
compare the  jaundice of preterm  
infants w ith perinatal hypoxia of 
various severity, as reflected by their 
postnatal history  and final outcome.

P a t ie n t s  a n d  Methods

S ix ty  p re te rm  in fa n ts  (ges ta tio n a l age  
<; 36 w eeks) w ith  p o s tn a ta l h y p o x ia  w ere 
s tud ied . H y p o x ia  w as assum ed to  h av e  
occurred  i f  h y a lin e  m em b ran e  d isease could  
be d iagnosed o n  adm ission , on th e  basis o f 
physical e x a m in a tio n , X -ray s an d  b lood  p H  
s ta tu s . S erum  b iliru b in  estim atio n s w ere 
done b y  th e  J e n d ra s s ik —G róf m e th o d  
daily , u n ti l  th e  co n cen tra tio n  o f  b iliru b in  
h ad  begun  to  fa ll. B ab ies w ith  h aem o ly tic  
disease d u e  to  b lood  g roup  in co m p a tib ility
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a n d  th o s e  w ith  p e rin a ta l in fe c tio n  o r ex tra - 
v a s a te d  h aem ato m a w ere  ex c lu d e d . A ll in ­
f a n t s  w ere  tre a te d  w ith  p h e n o n a rb i ta l an d  
re c e iv e d  p h o to th e rap y  fo r ic te ru s  p re v e n ­
t io n . F lu id  and  caloric re q u ire m e n ts  w ere 
c o v e re d  b y  p a ren te ra l in fu s io n  o f  5 — 10% 
g lu co se  in  w ate r an d /o r h u m a n  m ilk . O ral o r 
tu b e  feed in g  w as in i tia te d  a s  soon  as p o s­
s ib le . F o r  tre a tm e n t o f  re s p ira to ry  d istress, 
a c c e p te d  m ethods o f o x y g e n  a n d  v e n ti la ­
t io n  th e ra p y , acidosis c o rrec tio n  w ith  b ic a r­
b o n a te  a n d  tran sfu s ions w ere  ap p lied  a c ­
c o rd in g  to  need.

T o  se p a ra te  g roups o f  in f a n ts  w ith  h y p o ­
x ia  a n d  oxygen d ep en d en cy  o f  v a rio u s se ­
v e r i ty ,  p a tie n ts  were se lec ted  a n d  ev a lu a ted  
in  th r e e  g roups o f tw e n ty  each , accord ing  
to  th e  f in a l outcom e, su c h  a s  su rv ivors , 
th o s e  w ho  died w ith  h y a lin e  m em b ran e  d is ­
ea se  (H M D ), and  those  w h o  d ied  o f  hyaline  
m e m b ra n e  disease co m p lica ted  b y  in t r a ­
v e n tr ic u la r  haem orrhage  (H M D  +  IV H ). 
A t  p o s tm o rte m  e x a m in a tio n , p u lm o n a ry  
h is to lo g y  w as stud ied  in  e v e ry  case.

I n  e ach  group  o f n e w b o rn  in fa n ts  th e  
fo llo w in g  p a ram ete rs  w ere  d e te rm in ed : (1) 
b ir th w e ig h t;  (2) g e s ta tio n a l ag e ; (3) m a x i­
m u m  b iliru b in  c o n cen tra tio n ; (4) p o s tn a ta l 
a g e  w h e n  m ax im um  b il iru b in  co n cen tra tio n  
w a s  d e te c te d ; (5) h aem o g lo b in  level an d

h a e m a to c rit , d e te rm in ed  in  p e rip h e ra l v e ­
n o u s  b lood  w ith in  six  h o u rs  o f  b ir th ; (6) 
m a x im u m  p o s tn a ta l dec rease  in  haem oglo ­
b in  a n d  h aem a to c rit; (7) th e  lo w est a rte ria l 
p H , th e  h ig h es t n e g a tiv e  b a se  excess and  
p C 0 2, m easu red  in  p e rip h e ra l a r te r ia l blood 
p o s tn a ta lly ; (8) av e rag e  ca lo ric  in ta k e  in 
k ea l/k g /d ay ; (9) a v e rag e  f lu id  in ta k e  in  
m l/k g /d a y . T he la t te r  tw o  p a ra m e te rs  w ere 
c a lc u la ted  fo r th e  f i r s t  p o s tn a ta l  week.

I n  each  group  o f  in fa n ts  co rre la tio n  a n a l­
y sis w as perform ed b e tw een  m ax im u m  b ili­
ru b in  concen tra tio n  a n d  a ll th e  o th e r  p a ra m ­
e te rs  s tu d ie d  an d  d e ta ile d  ab o v e . T he sig ­
n ifican ce  o f  co rre la tion  b e tw een  m ax im um  
b iliru b in  level an d  g e s ta tio n a l age, b ir th - 
w eig h t, caloric an d  f lu id  in ta k e  w as also 
te s te d  in  th e  to ta l  p o p u la t io n  o f babies 
s tu d ie d .

I n  m o s t cases no re liab le  d a ta  w ere a v a il­
ab le  concern ing  p re n a ta l  o r  su b  p a r tu  d ru g  
tr e a tm e n t  o f th e  m o th e rs .

R e s u l t s

Birthweight and gestational age of 
infants in the three s tu d y  groups is 
shown in Table I. I t  can be seen th a t 
survivors were more m ature as they

Table I

B ir th w e ig h t a n d  g es ta tio n a l age  o f  th e  in fan ts  s tu d ie d

No. Mean SD SE Range P<

B ir th w e ig h t (g) 
S 20 2069 349 78 1380-2630 

900 — 3100^ 
900-2250'

0.01 0.001
>nsHMD +  IVH 20 1606 660 123

HMD 20 1598 414 92

G e sta tio n a l age (weeks) 
S 18 33.3 1.7 0.4 30-36

2 7 -  36 '
2 8 -  35 '

0.05 ns 
ns >HMD +  IVH 16 31.4 2.7 0.6

HMD 13 31.9 2.2 0.6

A b breva tions: S =  su rv iv o rs ; H M D  IV H  =  in fa n ts  w ho d ied  o f  h y a lin e  m em brane 
d is e a se  associated  w ith  in t ra v e n tr ic u la r  h aem o rrh ag e ; H M D  =  in fa n ts  w ho  d ied  o f hyaline  
m e m b ra n e  disease.
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Table II

B iochem ical a n d  som e clin ical d a ta  o f  th e  th ree  g roups o f  n ew b o rn  in fan ts  s tu d ie d

N o. Mean 8 D S E R a n g e p <

M a x . b iliru b in  
cone, (m g /d l)

S 20 14.0 4.9 i . i 4.1—22.3,
7.6 — 24.0?
8.6 —  17.4'

ns
? nsHMD +  IVH 

HMD
20
20

16.3
12.4

3.9
2.4

0 . 8
0.5

0.01

P o stn a ta l age 
(d a y s )

8 20 4.6 0.9 0.2 3 -6 .
3 - 6 '
2 - 6 '

ns
HMD +  IVH 20 4.0 1.0 0.2 >  0.01
HMD 20 3.6 0.7 0.1 ns

H aem oglobin
(g /d i)

S 20 18.4 2.7 0.6 16.0-26.0.
12.9-26.0 '
14.0-22.2 '

ns
HMD +  IVH 20 17.2 2.8 0.6 У ns
HMD 20 18.1 1.9 0.4 ns

H aem atocrit 
p e r  cent

S 20 67.7 6.6 1.4 48-76.
4 0 -6 4 '
4 0 -6 7 '

0.05
HMD f  IVH 20 63.0 6.7 1.6 У ns
HMD 20 66.8 6.2 1.4 ns

Д  H aem oglobin  
(g /d i)
s 20 3.1 1.9 0.4 0.8 -7 .9 . 

0.6 - 9 .3 ' 
0.9 - 6 .6 '

ns
HMD +  IVH 20 4.8 3.2 0.7 У ns
HMD 20 3.0 1.7 0.3 ns

Д H aem atocrit, 
p e r  cent

s 20 12.0 4.2 0.9 3 -  21.
4 -  28'
5 -  23'

0.01
HMD +  IVH 20 18.0 8.9 2.0 У ns
HMD 20 11.6 6.5 1.2 0.01

A ctu a l p H
8 20 7.27 0.06 0.01 7.19-7.27.

7.07-7.30 '
6 .71-7.27 '

0.01
HMD +  IVH 20 7.20 0.07 0.01 > 0.001
HMD 20 7.12 0.12 0.02 0.02

B ase excess
8 20 -  9.2 -4 .4 -0 .9 ( —2 ) _ (  —16) 

0 .0  —( — 20)? 
( - 3 ) — ( — 1 7 ) '

ns
HMD +  IVH 20 -10.6 -4 .6 -1 .0 У ns
HMD 20 - 1 0 . 2 -3 .7 -0 .8 ns

р С О г
s 20 54.6 17.9 4.0 25-92.

3 8 -9 6 '
4 6 -9 6 '

ns
HMD ; IVH 20 63.0 13.8 3.0 У ns
HMD 20 70.0 14.0 3.1 ns

F lu id  in take  
(m l/k g /d a y )

S 20 101 13.2 2.9 76-123. 
3 7 -1 1 1 ' 
6 5 -  92'

0.001
HMD +  IVH 20 70 18.8 4.2 > 0.001
HMD 20 69 9.4 2.1 ns

C aloric  in take  
(k e a l/k g /d a y)
s 20 74.2 46.1 10.0 28.7-198.0. 

17 .4- 52.1' 
22 .9 - 33.2'

0.01
HMD +  IVH 20 28.7 10.8 2.4 > 0.001
HMD 20 26.6 3.8 0.8 ns

A b b rev a tio n s: S =  su rv iv o rs ; H M D  -f- IV H  =  in fa n ts  w ho d ied  o f  h ya line  m e m ­
b ra n e  d isease associa ted  w ith  in tra v e n tr ic u la r  haem o rrh ag e ; H M D  =  in fa n ts  w ho  d ie d  
o f  hy a lin e  m em b ran e  disease.
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were significantly heavier (p <  0.01 
and  p <  0.001) and of longer gesta­
tional age than  those who died. All 
th e  other param eters determined or 
calculated are detailed in Table II. 
Peak  bilirubin concentration was de­
tec ted  in all groups on the  4—5th 
postnata l day. I t  was significantly 
(p <  0.01) higher in infants with hy­
aline membrane disease associated 
w ith intraventricular haemorrhage 
th an  in those who died b u t in whom 
no intraventricular haemorrhage was 
found a t autopsy. Maximum bilirubin 
concentration of th e  survivors was 
slightly but not significantly higher 
th an  th a t of HMD infants (14.0 vs 
12.4 mg/dl and lower th an  the peak 
bilirubin level of HMD -f- IVH babies 
(14.0 vs 15.3 mg/dl). A wide range of

F ig . 1. Correlation between caloric intake 
and  peak bilirubin concentration in sixty 
preterm  infants suffering from perinatal 

hypoxia of various severity

individual maximum bilirubin values 
characterized all groups of infants.

The mean haemoglobin level meas­
ured  in peripheral venous blood 
w ithin six hours of b irth  was similar 
in  th e  three study groups, and they  
displayed no significant difference in 
th e  fall of haemoglobin concentration. 
As for the haem atocrit and its de­
crease, the initial haem atocrit was the 
lowest in IVH babies and the fall of 
haem atocrit was significantly (p <  
<  0.01) greater in TVH th an  in sur­
vivors or HMD babies.

The worst negative base excess and 
th e  highest p C 0 2 values measured 
during the patien ts’ postnatal course 
were similar (p >  0.05) in the three 
s tu d y  groups. The lowest mean actual 
pH , 7.12, occurred in the  HMD pa-

F ig . 2. Correlation between caloric intake 
and maximum serum bilirubin concen­
tra tion  in twenty preterm  infants who 

survived hyaline membrane disease
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tients, while the highest one, 7.27, in 
the group of survivors.

Table I I  shows th a t the  survivors 
received significantly (p <  0.001) 
more fluid (101 ml/kg/day) and calo­
ries (74.2 kcal/kg/day) than  either the 
HMD patients (69 ml/kg/day and 25.6 
kcal/kg/day) or the HMD +  IVH in­
fants (70 ml/kg/day and 28.7 kcal/kg/ 
/day).

B irth  weight, gestational age, initial 
haemoglobin level and haem atocrit, 
furtherm ore the  fall in the  la tte r  two 
param eters did not correlate signif­
icantly with the maximum bilirubin 
concentration in any of the  groups. 
N either was there a relation between 
peak bilirubin concentration and the 
pH  status. In  the to ta l population of 
infants and also in the group of sur­
vivors, the maximum bilirubin level 
correlated significantly and inversely 
with caloric intake (r =  — 0.3086, 
p <  0.05 and r =  0.7828, p <
<  0.001, respectively) bu t not with 
fluid intake (Figs 1 and 2). No s ta ­
tistically significant correlation was 
found in any of the other param eter- 
pairs tested.

D i s c u s s io n

Serum bilirubin concentration de­
pends on the  balance of produc­
tion and excretion of bilirubin. All 
factors increasing the former and/or 
decreasing the la tte r  may cause a rise 
of the  level. Consequently, with an 
inverse change of the balance a fall in 
bilirubin concentration will result.

I t  has generally been accepted th a t 
neonatal hypoxia increases the  risk

of kernicterus. This might be due 
either to  a rise of the free bilirubin 
fraction of of the to ta l indirectly 
reacting bilirubin concentration, bu t 
the role of altered perm eability of the 
blood-brain barrier should also be 
taken into account.

The present study was undertaken 
to  investigate the possible relation­
ship between the  severity of hypoxia 
and hyperbilirubinaemia, on the  one 
hand, and an a ttem pt was made to  
find perinatal param eters correlated 
with the peak bilirubin concentration 
of preterm  infants with postnatal 
hypoxia, on the  other hand.

Since the  development of neonatal 
indirect hyperbilirubinaemia is hardly 
predictable, and its severity depends 
on too m any determ inants, selection 
of an optim um  control group would 
have been difficult, if not impossible. 
For this reason, we grouped newborn 
infants partly  with common charac­
teristics like prem aturity, hyaline 
membrane disease, intraventricular 
haemorrhage, and partly  with dif­
ferent ones, such as the severity of 
hypoxia and oxygen dependency, 
haemoglobin and haem atocrit level, 
fluid and caloric intake, birthweight 
and gestational age. The severity of 
hypoxia was classified on clinical 
grounds, i.e. according to the post­
natal course of the patients. We as­
sumed th a t  trea tm ent being principal­
ly similar in the three study groups, it 
was correct to  suppose th a t survivors 
experienced the  least, and those who 
died of hyaline membrane disease asso­
ciated with intraventricular haem or­
rhage the  m ost, severe hypoxic insult.
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M ean peak bilirubin concentration 
in  th e  three groups was practically 
sim ilar. The highest bilirubin level 
was m easured in patients w ith in tra ­
ven tricu lar haemorrhage, a slightly 
lower one in the survivors, and a 
sim ilar (p >  0.05) level which, how­
ever, was significantly (p <  0.01) low­
er th a n  th a t in the newborns with 
in traven tricu lar haemorrhage, was ob­
served in  infants who died of hyaline 
m em brane disease not associated with 
in traven tricu lar haemorrhage. Con­
sidering the  rem arkably wide range 
o f individual values found in  all three 
groups o f infants, it  has been con­
cluded th a t  no direct relation exists 
betw een hypoxia and the  severity of 
hyperbilirubinaem ia.

T he results of this study  demon­
s tra te d  in addition th a t birthweight, 
gestational age, initial erythrocyte 
m ass have no predictive value as to 
th e  expectable peak bilirubin con­
cen tration . Similarly, no conclusive 
re la tion  was found between the  bili­
rub in  level and the param eters re­
flecting  the least compensated acid- 
base s ta tu s  of the patients, and the 
m axim um  fall in haemoglobin and 
haem atocrit. The lack of a s ta tis ti­
cally  significant correlation between 
th e  above param eters does no t ex­
clude th e  additional and m ost certain­
ly  combined effect of the  factors in 
term s on changes in bilirubin con­
centration .

A positive finding was the  signif­
ican t (p <  0.05) inverse correlation 
betw een the peak bilirubin level and 
caloric intake in the to ta l of newborn 
in fan ts studied and also in the  group

of survivors (p <  0.001). The cause 
of th is relationship rem ains obscure 
although several explanations can be 
offered [1, 3, 5]. Considering the low 
caloric content of fluids infused par- 
enterally to  the patients, it  is obvious 
th a t a  greater caloric in take could be 
achieved if more of the  to ta l fluid and 
caloric supply could be given orally. 
The beneficial effect of early feeding 
on neonatal jaundice has been sug­
gested by several workers [6, 8, 10,
11]. In  the present s tudy  the time of 
the first feeding was no t evaluated 
from the point of view of hyperbili­
rubinaemia, bu t the  greater mean 
caloric intake certainly represented an 
earlier oral feeding w ith rapidly in­
creasing volume input. I t  seems there­
fore logical to conclude th a t  oral feed­
ing and/or a higher caloric intake, a t 
least above the appropriate level, 
lessens hyperbilirubinaemia of new­
born infants with hypoxia and oxygen 
dependency. The effect m ay be due 
to  the  reduced enterohepatic recircu­
lation of deconjugated bilirubin or to 
an increased bilirubin clearance which 
is in  some way related to  the caloric 
supply.

The practical im plication of the 
study  is th a t caloric supply should be 
in itiated as soon as possible; besides, 
a satisfactory caloric supply appears 
to  be advantageous for the  prevention 
of hyperbilirubinaemia.
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