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Neonatal indirect hyperbilirubinaemia in twins
B y

M. F e k e t e  an d  Maria K a r d o s  

D e p a r tm e n t o f  P a e d ia tr ic s , U n iv e rs ity  M edical School, Pécs 

R ece iv ed  27th  M ay, 1978

N eo n a ta l in d ire c t h y p erb iliru b in aem ia  in  21 paire  o f tw in s  w as com 
p ared  an d  s tu d ied  d u rin g  th e  f irs t  p o s tn a ta l w eek. P e a k  b iliru b in  c o n c e n tra 
tio n  an d  th e  p e rs is tence  o f  ic te ru s w as s im ila r in  th e  tw o  se ts  o f  tw in s , b u t 
considerab le  in d iv id u a l in te r- tw in  d ifferences could be observed . V a rio u sp o s t-  
n a ta l  p a ram e te rs  a n d  in te r-tw in  d ifferences in  these  p a ra m e te rs  w ere  co r
re la ted  w ith  d ifferences in  h y p erb iliru b in aem ia . I t  h a s  been  con c lu d ed  th a t  
physio logic o r  id io p a th ic  h y p erb iliru b in aem ia  is closely sim ilar in  tw in s , p ro b 
a b ly  due to  th e  s im ila r fu n c tio n a l m a tu r i ty  o f  b ilirub in  c lea ran ce  m ech a 
nism s. In d iv id u a l v a ria tio n s  w ere re la te d  to  d ifferences in  caloric  in ta k e : th e  
h ig h e r th e  caloric su p p ly  th e  low er w as th e  m ax im u m  b iliru b in  c o n c e n tra tio n .

Neonatal indirect hyperbilirubin
aemia is basically a syndrome of 
m ultiple or quite frequently unknown 
aetiology. Despite various definitions 
in use, distinction between physio
logic and nonphysiologic icterus can 
be difficult, as the severity of icterus 
does not necessarily reflect its pa tho 
genesis. On the other hand, i t  is wide
ly appreciated th a t the  development 
of kernicterus depends only p a rtly  on 
the  serum bilirubin concentration, 
especially in low birthweight newborn 
infants. Due to all these uncertainties, 
the  m anagement of jaundiced new
borns still presents problems.

Neonatal indirect hyperbilirubin
aemia m ay be caused by increased 
bilirubin production, decreased bili
rubin transport, hepatic up take and/ 
or conjugation or exaggerated entero-

hepatic recirculation. These final mech
anisms exert their effect m ostly in 
combination. A part from the  m aturity  
of the  neonate, the predom inance of 
one of the mechanisms is determ ined 
by intrauterine, subpartum  or post
natal events. I t  is feasible to  assume 
th a t causative mechanisms o f hyper
bilirubinaemia act with closely similar 
effectiveness in twins, especially those 
determined by functional m aturity , 
for instance survival tim e of ery thro
cytes, hepatic uptake and conjugation 
of bilirubin. I f  this assum ption is cor
rect, comparative evaluation of hyper
bilirubinaemia of twin neonates pro
vides a useful model for studying the 
effects on neonatal hyperbilirubin
aemia of various perinatal param eters 
independent of m aturity.

S u p p o rted  b y  th e  S cien tific  R esearch  C ouncil, H u n g a ria n  M in istry  o f  H e a lth  
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P a t ie n t s  a n d  M e t h o d s

H yp erb iliru b in aem ia  o f  21 p a ir s  o f tw ins 
w a s  com pared  and  s tu d ie d  d u r in g  th e  firs t 
p o s tn a ta l  week. Of th e  p a ir s ,  13 a n d  2 were 
d iz y g o tic  and  m onozygo tic , respective ly , 
w h ile  in  th e  res t zy g o s ity  w a s  u n certa in . 
G e s ta t io n a l age an d  b ir th  w e ig h t ranged 
b e tw e e n  30 — 35 w eeks a n d  1 0 5 0 —2360 g, 
th o u g h  in  6 pairs th e  fo rm e r  w as  unknow n. 
O f  th e  42 new born in fa n ts , 7 d ie d . T he m ain  
p o s tm o r te m  finding w as  in tra v e n tr ic u la r  
h a e m o rrh a g e  in  four b ab ies , n e c ro t ic  en tero 
c o li tis , m assive p u lm o n a ry  h aem o rrh ag e  
a n d  h y a lin e  m em brane d is e a se  in  th e  th ree 
o th e r s .  P o s tn a ta l h is to ry  w as  u n e v e n tfu l in 
8 p a ir s  o f  tw ins. B o th  tw in s  o f  6 p a irs  and 
o n e  tw in  o f 5 pairs su ffe red  fro m  various 
p e r in a ta l  conditions su ch  a s  p e r in a ta l in 
fe c tio n , hypoxia , re s p ira to ry  d is tre s s  syn 
d ro m e , etc.

O n  th e  21 pairs o f tw in s  a  to t a l  o f 211 
s e ru m  b ilirub in  e s tim a tio n s  w e re  perform ed 
b y  th e  Je n d ra ss ik —G róf m e th o d . B ilirub in  
c o n c e n tra tio n  was d e te rm in e d  f i r s t  on th e  
seco n d  o r  th ird  p o s tn a ta l d a y  a n d  w as then  
r e p e a te d  daily  s im u lta n e o u s ly  u n til th e  
p e a k  va lu e  had  been re a c h e d  a n d  a  con
s i s te n t  fall in b ilirub in  le v e l w a s  observed. 
B esid e  determ in ing  th e  m a x im u m  b ilirub in  
co n c e n tra tio n , an  a t t e m p t  w a s  m ade to  
e x p re s s  th e  severity  an d  d u ra t io n  o f h y p e r
b iliru b in aem ia  by  c a lc u la tin g  th e  m ean 
b il iru b in  concen tra tion  o n  th e  3 rd  to  6th 
p o s tn a ta l  days. F u rth e rm o re , haem oglobin  
c o n c e n tra tio n , packed cell v o lu m e  and  pH  
s t a tu s  w ere also m easu red  w ith in  six  hours 
o f  b ir th ,  provided th e  b a b ie s  w e re  adm itted  
in  d u e  tim e. R e tro sp e c tiv e ly , m ean  oral 
a n d  p a ren te ra l flu id  (m l/k g /2 4  hr) and 
ca lo r ic  in tak e  (kcal/kg/24 h r)  w a s  calculated  
fo r  th e  period  o f th e  f i r s t  p o s tn a ta l  week in 
e v e ry  case as well as th e  m a x im u m  w eight 
lo ss , expressed in p e rc e n ta g e  o f b irth  
w e ig h t.

A ll bab ies were fed o n  h u m a n  m ilk  d u r
in g  th e  observation  p e rio d . N c n e  o f them  
su ffe re d  from  h aem o ly tic  d isea se  due to  
b lo o d  group  in co m p a tib ility  o r  a n y  o th er 
d is e a se  ob ligatorily  a sso c ia te d  w ith  h y p er

b iliru b in aem ia . M easures to  p re v e n t ja u n 
dice w ere  a lw ays th e  sam e.

In te r -p a i r  d ifferences in  th e  p a ram e te rs  
d e ta ile d  ab o v e  w ere stu d ied  in  th e  tw ins. 
T he  c o rre la tio n  betw een  m ax im u m  b iliru 
b in  c o n c e n tra tio n  an d  b ir th  w eigh t, haem o 
g lob in , h a e m a to c rit , a c tu a l p H , base  excess, 
p C 0 2, f lu id  an d  caloric in tak e  an d  w eigh t 
loss w as in v es tig a ted  a s  also  th e  co rre la tion  
b e tw een  th e se  p a ram e te rs  a n d  th e  sev e rity  
a n d  d u ra t io n  o f  ic te ru s in  th e  to ta l  p o p u la 
t io n  o f  tw in  babies. In te r- tw in  d ifferences 
in  each  p a ra m e te r  w ere co rre la ted  in  order 
to  seek  fo r  s ign ifican t assoc ia tion  betw een  
th em .

F o r  s ta tis t ic a l  analy sis, s ta n d a rd  m a th e 
m a tic a l te s ts  w ere used.

R e s u l t s

The m ean values for all the param 
eters studied in the two sets of twins 
were rem arkably similar. Table I 
shows th a t  no statistically significant 
difference was found in this respect, 
bu t notable individual variations 
could be observed.

In  the  to ta l population of twin 
babies, a  significant positive correla
tion was found between postnatal 
haemoglobin and peak bilirubin con
centration (r =  0.3554, p <  0.05, 
n =  34). Maximum bilirubin con
centration correlated significantly 
w ith the  duration and/or severity 
of hyperbilirubinaemia (r =  0.9192, 
p <  0.001, n =  27). I t  is seen in Figs 
1 and 2 th a t a highly significant nega
tive correlation existed between calor
ic in take and maximum bilirubin 
concentration (r — 0.8354, p <  0.001, 
n =  32) and between the former and 
the duration  of hyperbilirubinaemia 
(r =  —0.5925, p <  0.001, n =  27).
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T a b l e  I

P a ra m e te rs  s tu d ied  an d  com pared  in  th e  tw o  se ts o f  tw ins

No. Mean SD SE Range P

Birth weight, g
twins I 21 1712 269.8 58.9 1050-2100
twins II 21 1693 311.6 68.0 1050-2360 ns

Haemoglobin, g/dl
twins I 21 17.3 2.3 0.5 13.8-21.2
twins II 21 17.8 2.6 0.5 11.2-22.8 ns

Haemalocrit per cent
twins I 21 54.2 6.6 1.4 43.0-68.0
twins II 21 56.4 7.1 1.5 41.0-67.0 ns

Arterial pH
twins I 17 7.33 0.06 0.01 7.20-7.47
twins II 17 7.29 0.01 0.00 7.09-7.43 ns

Base excess, mE/1
twins I 15 -7.19 4.30 1.11 -1 6 .5 -(+ 0 .6 )
twins II 15 -9.21 5.30 1.36 -1 8 .2 -0 .0 ns

рСОг mm/Hg
twins I 15 35.6 9.9 2.5 22.0-60.0
twins II 15 35.3 9.5 2.4 18.0-52.0 ns

Maximum bilirubin level mg/dl
twins I 15 13.2 1.5 0.3 11.0-17.7
twins II 15 13.7 3.1 0.8 7.4-17.7 ns

Severity of icterus, mg/dl
twins I 14 11.6 1.3 0.3 9.8-13.9
twins II 14 13.0 2.9 0.7 9.1-17.6 ns

Fluid intake, ml/kg/24 hr
twins I 20 108.4 24.3 5.4 62.0-184.0
twins II 20 111.7 23.3 5.2 66.0-150.0 ns

Caloric intake, kcal/kg/24 hr
twins I 18 72.9 11.6 2.7 56.0-96.0
twins II 18 67.3 20.0 4.7 28.0-102.0 ns

Weight loss per cent
twins I 21 5.1 3.5 0.7

4*1 ol-H1Оd

twins 11 21 5.3 4.6 1.0 0.0-17.8 ns
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None c f  the other param eter-pairs 
tes ted  showed significant correlations 
(r =  -0 .2 0 3 9 -0 .4 1 4 6 , n =  19 — 34).

The importance of caloric in take in 
regard  of hyperbilirubinaemia was 
fu rth e r supported by the finding of 
a significant positive correlation be
tw een inter-tw in differences in caloric 
in ta le  and  maximum bilirubin con
cen tration  (r =  0.7724, p <  0.01, 
n =  14) and the severity and duration 
of icterus (r =  0.5342, p  <  0.05, 
n =  13). No differences in any other 
param eters seemed to be related  with 
the  individually variable hyperbiliru
binaem ia of twin babies (r =  —0.5830 
— 0.2314, n  =  9 -1 5 ).

A correlation analysis was made 
betw een weight loss and fluid intake, 
flu id  in take  and caloric intake, and 
caloric in take and weight loss. W eight 
loss correlated significantly w ith ca
loric in take (r =  —0.3607, p  -< 0.05, 
n  =  36) while no significant correla
tion  was found between weight loss 
and  flu id  intake (r =  —0.0404) fur
therm ore fluid and caloric intake 
(r =  0.3130).

D isc u ssio n

The present results dem onstrated 
th a t hyperbilirubinaemia of th e  two 
sets o f tw ins was rem arkably similar 
as regards the peak bilirubin con
cen tration  and the persistence of icte
rus. E valuation  of individual biliru
bin concentrations revealed, however, 
differences in bilirubin level sufficient 
to  have clinical im portance. This 
would suggest th a t the developm ent

and severity of hyperbilirubinaemia 
is no t only determined by the  func
tional m aturity  of bilirubin m etabol
ism in newborn infants.

More information could be ob tain 
ed by the correlation analyses. The 
direct correlation found between post
natal haemoglobin concentration and 
the degree of hyperbilirubinaemia in
dicates the role of erythrocyte destruc
tion and bilirubin load. In ter-tw in  
differences in haemoglobin and biliru
bin concentration did not, however, 
correlate significantly. This might 
have been due to  the small num ber 
of pairs studied b u t may also argue 
against the prim ary importance of 
overloaded bilirubin clearance capac
ity  due to  the increased haemoglobin 
mass.

In  the 42 twin newborns, neither 
b irth  weight, nor arterial pH , base 
excess or p C 0 2 seemed to be related 
to the hyperbilirubinaemia, nor did 
differences in these param eters be
tween the two sets of twins correlate 
with differences in hyperbilirubin
aemia. B irth  weight tru ly  reflects the 
functional m aturity  of the newborn 
bu t this is not necessarily the  case 
with twin babies and even less if twin 
partners are compared. An intertw in 
difference in b irth  weight means 
a difference in the nutritional state  
and body composition rather than  
a difference in m aturity.

The relation of perinatal asphyxia 
and hyperbilirubinaemia is contro
versial. I t  has been suggested th a t 
perinatal asphyxia per se causes and/ 
or exaggerates hyperbilirubinaemia 
[7, 8, 9, 11] though our results contra-
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F ig . 1. C orrelation  be tw een  m ax im u m  b ilirub in  co n cen tra tio n  a n d  caloric in tak e , in  32
tw in  bab ies

dieted the assumption [3]. The acid- 
base status measured w ithin six hours 
of birth  offers reliable information 
concerning a previous asphyctic in
sult. A single estim ation of the pH  
status reflects only the  actual acid- 
base distortion bu t its prognostic 
value is limited as regards the con
sequences and further complications. 
Therefore, no correlation exists be
tween the postnatal acid-base status 
and the severity of hyperbilirubin
aemia developing during the first 
postnatal week.

An interesting finding was the high
ly significant inverse correlation be
tween caloric intake and hyperbili
rubinaemia (Figs 1 and 2). The fact 
th a t among the param eters studied 
only the different caloric intake of 
twins correlated significantly with 
intertwin differences in hyperbi
lirubinaemia provides good evi

dence of the im portant role of 
nutrition  and caloric supply in the 
genesis of “non-pathologic” hyper
bilirubinaemia. This observation con
firms suggestions made by previous 
workers [1, 6, 10, 12, 13]. I t  should, 
however, be noted th a t these authors 
studied the effect on hyperbilirubin
aemia of early versus late feeding and 
not th a t  of the to tal caloric intake 
during the  first postnatal week, bu t 
reasonable connections between the 
two types of approach are obvious. 
Considering the  beneficial effect of 
early feeding on hyperbilirubinaemia, 
the question remains open whether 
the lower bilirubin level is due to  the 
increased fluid or caloric supply. The 
present results proved the im portance 
of the latter. The to ta l fluid intake of 
the neonates studied represents both 
breast milk and parenterally adm in
istered fluids of various composition
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F i g . 2. C o rre la tion  betw een  m e a n  b ilirub in  co n c e n tra tio n  o n  p o s tn a ta l d a y s  3 to  6 and
ca lo ric  in ta k e , in  27 tw in  bab ies

and  caloric value. The changing 
am oun ts of the two components ex
plains th e  lack of correlation between 
flu id  and  caloric intake. A t the same 
tim e th is  finding provides evidence 
th a t  th e  caloric and not the  fluid 
supp ly  is causally related to  m itigated 
hyperbilirubinaem ia.

T he question why early feeding or 
increased caloric supply reduces hy
perbilirubinaem ia remains open. As 
to  th e  reasonable possibilities, it is 
well know n that glucose is a precursor 
for glucuronic acid synthesis. I t  has 
also been pointed out th a t  ketosis 
and a  rise in the free fa tty  acid level 
characteristic  of starvation m ay well 
depress bilirubin transport and  hepat
ic u p tak e  of bilirubin by competition 
for b inding  sites on plasm a albumin 
and  hepatic  Z protein molecules [2, 
4, 5].

All our twins received either photo
th e ra p y  or phénobarbital for the  pre

vention of jaundice and this must 
have influenced the “n a tu ra l” course 
of their hyperbilirubinaemia. In  spite 
of this, inter-pair differences in bili
rubin concentration could reliably be 
evaluated because both twins received 
preventive therapy similar in quality 
and quantity.

In  summary, physiologic or “ idio
pa th ic” hyperbilirubinaemia in pairs 
of twins is usually closely similar, 
probably because of the  identical 
functional m aturity  of the bilirubin 
clearance mechanisms. Individual 
variations in the course of hyper
bilirubinaem ia during the first week 
of life are related to  differences in 
caloric intake.
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