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Long-term prognosis of asphyctic neonates 
from an intensive care unit: Intrauterine 

retarded infants at high risk of cerebral palsy
J u d i t  S tokcz  and J .  M e s t y An  

D epartm ent o f Paediatrics, U n iversity  M edical School, Pécs

The surviving asphyctic in fants born during the three-year period 
1977 to 1979 and adm itted  to the regional neonatal intensive care u n it were 
prospectively follow ed up to 2 and 4 years o f  age. According to  outcom e the  
children were d ivided  into three subgroups:

1 w ho did n o t show any consequence o f  asphyxia;
2 w ho show ed syndrom es classified as cerebral palsy;
3 w hoso psychom otor functions were found to bo retarded.
The cerebral palsy  group m ainly consisted  o f  children w ho were born 

w ith a w eight deficit after 37 weeks gestation . Only 4 out o f  th e  16 children 
were prem ature and am ong them  on ly  1 w as o f  very low birth w eigh t. Thus, 
dysm aturity w as the m ain som atic characteristic o f  the severely handicapped  
children. In  addition  to  intrauterine grow th retardation, the h igh rate of 
congenital anom alies w as a further feature o f  the cerebral p a lsy  group.

G estational com plications (toxaem ia, haemorrhage, threatening  
abortion or prem ature delivery), as w ell as the distortions o f  th e  m ost 
im portant b iochem ical variables (pH , calcium , bilirubins and g lucose level) 
either in them selves or in com bination had a similar incidence in  th e  three 
subgroups. A m ong postnatal conditions, on ly  the incidence o f  convulsions 
seem ed to  be im portant prognostically.

On the basis o f  the great difference in outcom e it  is concluded that 
there is no sim ple relationship betw een asphyxia  and eventual handicap. 
There are certain ly  som e other noxious factors (e.g., dysm aturity , congenital 
anom alies, etc.) associated  w ith, or related  to  asphyxia w hich can be o f  
great aetiological significance.

The present study deals with the 
follow-up of asphyxiated newborn 
infants adm itted to the regional neo
natal intensive care un it of the 
D epartm ent of Paediatrics in Pécs.
The main purpose was to  analyse the 
different prenatal, nata l and post
natal characteristics of newborns and 
their relationship to the neurological 
and developmental outcome. In  fact, 
a comparison was made between 
three subgroups of children, namely 
normal, developmentall y  retarded and

m entally and physically severely dam 
aged children. The study is intended 
to serve as a basis for evaluation of 
further follow-up studies o f critically 
ill newborns adm itted to  our neo
natal intensive care un it in the 
future. Such a feedback is expected 
to be helpful in judging the adequacy 
of intensive care and trea tm en t on 
the one hand and to identify  the 
various preventable risk factors of 
asphyxia on the other hand.
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M a t e k i a l  a n d  M e t h o d s

T he surviving asphyctic n ew b orn s adm it
ted  to  th e  regional n eonata l in ten siv e  care 
u n it w ere followed prosp ectively . Selection  
w as based  on sym ptom atic a sp h y x ia  w ith  
it s  m ajor or minor m an ifesta tion s. Apnoea 
a t b irth  needing resuscitation , ventilation  
eith er  b y  mask or in tu b ation , m econium  
sta in ed  am niotic fluid, m etab o lic  acidosis, 
th e  im m ediate response to  a sp h yx ia  as 
m easured  by  Apgar score <  6, oxygen  and 
bicarbonate therapy in  th e  d e liv ery  room, 
p oor  condition  w ith cerebral sym ptom s, 
card iom egaly , clinical and  radiological 
sign s o f  m assive asp iration  syndrom e, 
card iac decom pensation, cy a n o sis , repeated  
ap n oeic  attacks, ven tila tion  support on 
adm ission  were regarded as m ajor asphyctic  
an d  post-asphyctic signs. A p a th y  syn
drom e, absent sucking an d  sw allow ing  
response, gestational and p er in a ta l history 
such as haemorrhage, abruption  o f  placent a, 
to x a em ia  and um bilical cord anom alies 
w ere considered to be m inor criteria. In  
a ll cases a  combination o f  m ajor and  minor 
sign s w as observed sh ow in g  that the 
p a tien ts  had suffered s ig n ifica n t asphyxia  
a n d  acu te  sequelae c o n stitu tin g  the so- 
ca lled  postasphyctic syndrom e. T he select
ed  n eonates did n ot o n ly  n eed  im m ediate 
resuscitation  as a  p rev en tiv e  measure 
a g a in st acute em ergencies such  as anoxia  
an d  acidosis, but also transfer to the 
in ten siv e  care unit. T he children  born 
d u rin g  the three-year period  from  1977 to  
1979 w ere folio wed-up to  th e  en d  o f  1980, 
th a t  is  to  1 to 4 years o f  age . D uring the 
fir st year the infants su sp ected  o f  some 
dam age were exam ined m o n th ly  and those 
w h o appeared normal, a t  in terv a ls  o f  three 
m on th s. After the first y ea r  th e  handi
cap p ed  children were seen  ev ery  half year 
u n til th e  age o f  six , an d  th o se  w ithout 
clin ica lly  manifest sequelae a t  three, five  
an d  s ix  years o f  age. T he fo llow -up  exam i
n a tio n s  included an thropom etric measure
m en ts, standardized n eurolog ica l and devel
op m en ta l evaluation b ased  on  status o f  
m otor  functions, behaviour, ophthalm o-

logical and  audiological screening. A t the  
age o f  3 and  6 years an in tellectual te s t  was 
perform ed. Those whose psychom otor  
function  based  on the developm ental 
quotien t w as found to  be w ith in  th e  range 
o f 70 to  90 w ere regarded as developm ent al
ly retarded.

T he children were divided in to  three 
subgroups. 1. Those who did n o t show  any  
consequence o f  asphyxia throughout the 
follow -up period and appeared norm al as 
far as p h ysica l and m ental developm ent 
were concerned. 2. Those w ith  syndrom es 
classified  a s cerebral palsy  due to  severe  
cerebral dam age. 3 Children w hose psych o
m otor function  based on the developm ental 
q u otien t w as found to  be in  th e  range o f  
70 to  90 w ere regarded as developm entally  
retarded. T hese three subgroups o f  children  
were com pared in  order to explore the  
som atic, gestational, perinatal and  p ost
n ata l characteristics a t birth, and  their 
relationship  to  the late sequelae o f  as
ph yx ia .

T he consequences o f  a m ajor cerebral 
dam age w ere classified as cerebral palsy  
w hich is  n o t  a  single handicap b u t involves  
different syndrom es. A m ong th e  16 cases 
follow ed-up in  the present survey, 7 spastic 
tetrap leg ia , 2 atax ic  syndrom es, 4 spastic  
diplegia, 1 hom iparesis and 1 m onoparesis 
were seen . In  addition, 13 children were 
s ligh tly  and  2 severely retarded m entally , 
4 show ed  m icrocephaly, 3 had  epilepsy, 
1 sensorineural hearing loss, and  10 various 
m inor ophthalm ological defects.

T he term s m inor handicap or physical 
and m en ta l retardation are very  broad 
and encom pass a great variety  o f  conditions  
w hich are n o t all pathological in  the clas
sica l sense. T hey can be defined  in  m any  
w ays, an d  therefore variations in  their 
incidence m ay be expected. In  th e  present 
stu d y  th e  so-called retarded group re
presen ts such a heterogeneous collection  o f  
m inor lon g  term  consequences and  m ainly  
develop m en ta l retardation.

W ith in  these three groups, th e  children 
were also  classified according to  birth w eight 
g esta tion a l age and percentile position  on
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our local w eight for gesta tion a l age chart. 
G estational age less th an  <  37 w eeks and 
a percentile position <, 10 were regarded as 
the criteria o f  prem aturity and intrauterine 
growth retardation, respectively .

R e s u l t s

Birth weight, gestational age and intra
uterine growth rate of the total material

Table I  shows the birth  weight, 
gestational age and percentile distri
bution of the total population. In  13 
infants weighing less than  2500 g, 
and 6 infants above 2500 g, the 
gestational age was unknown. Accord
ing to the percentile position of weight 
for age, 77.4% of the newborns were 
below 50, and 27.4%  below the 10 
percentile. Thus the population showed 
a  shift towards the lower percentiles.

Weight, gestational age and weight for 
age in  the three subgroups

From Table I I  it  is evident th a t 
67%  of the children with cerebral 
palsy were born w ith a birth  weight 
less than  2500 g. The m ajority of 
these low birth  weight children (7 out 
of 9) weighed between 2001 — 2500 g. 
This distribution already suggests 
‘th a t the cerebral palsy group con
sisted mainly of children who were 
born with a weight deficit after 37 
weeks gestation. Gestational age and 
weight for age classification undoubt
edly confirms this suggestion. Only 
4 out of the 15 children were pre
m atures according to  gestational age 
and among them  only one was of

very low birth weight. No doubt, 
dysm aturity  was the main charac
teristic of the severely handicapped 
children.

In  contrast, the m ajority o f m en
tally and developmentally retarded 
children were true preterm newborns 
(Table 111): of the 37 low b irth  
weight infants (<2500 g) 33 were born 
earlier th an  a t 37 weeks (in 4 cases the 
gestational age was unknown) and 10 
were of very low birth weight, 9 out 
of 45 classifiable children were below 
the 10th percentile a t birth.

The m ajority  of the children, 155 
out of 218, had no handicap and 
represented the normal group. Ac
cording to  weight and gestational age 
distribution (Table IV), roughly 40%  
were of term  weight (>2500 g) and 
gestational age (>37 weeks). The shift 
towards the lower intrauterine growth 
rates was also striking in th is group 
of children, which, as already pointed 
out, tu rned  out to be a  general 
somatic characteristic of the popula
tion studied.

Incidence of congenital abnormalities 
in  the three subgroups

I t  is known [11] th a t dysm aturity  
is often associated with m inor or 
major congenital abnormalities which 
might be directly or indirectly related  
to perm anent cerebral damage. H y 
drocephaly, microcephaly, m eningo
cele, K lippel—Feil-syndrome, cleft 
palate, oesophageal atresia and three 
minor abnormalities occurring in com
bination were classified as minor con
genital anomalies. The incidence of
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m inor and  major abnormalities found 
in the  present material is shown in 
Table У. I t  is interesting th a t the 
occurrence rate (major and minor)

in the  to ta l population as well as in 
the subgroups was found to  be high. 
Particu larly  high (80%) was it  in the 
group with severe cerebral sequelae.

T a b l e  I

B irth  w eigh t, gestational age and percentile d istribution  o f  the tota l children population
follow ed *

Birth weight, g 1 5 0 0 1 5 0 1 — 2 0 0 1 — 2 5 0 1 — 3 0 0 1 — 3 5 0 1 — 4 0 0 0 4 0 0 0
2000 2 5 0 0 3 0 0 0 3500

No. o f children 32 62 45 36 27 14 2

Gestational age,
weeks 30 3 1 — 33 3 4 — 36 3 7 — 41 4 2 — 43 Unknown

No. o f children 2 7 36 58 66 12 19

W eight for ges-
tational 10 10 - 5 0  5 0 — 9 0 90 Unknown

No. o f children 5 7 1 0 4  4 2 5 10

T a b l e  I I

B irth  w eigh t, gestational age and  percentile d istribution  o f  the cerebral p a lsy  groups
children

Birth weight, s 150 0 1 5 0 1 — 2 0 0 1 — 2 5 0 1 — 3 0 0 1 — 3501  —  4 0 0 0 4 0 0 0
2 0 0 0 2 5 0 0 3 0 0 0 3500

No. o f children 1 2 7 2 3 — —

Gestational age,
weeks 30 3 1 — 33 3 4 — 36 3 7 — 41 4 2 — 43 Unknown

No. o f children 1 1 2 8 1 2

W eight for ges-
tational age, 
percentiles 10 1 0 — 50 5 0 — 90 90

No. o f children *9 4 2 —

* Two neonates w hose gestational age w as unknow n showed the ty p ica l som atic  
sign s o f  dysm aturity  and  were therefore included in  th e  group w eighing <; 10 percentile
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T a b l e  I I I

Birth w eight, gesta tion a l age and percentile d istribution  o f  the m en ta lly  
and  d eve lop m en ta l^  retarded groups o f  children

Birth weight, g 1500 1501— 2001— 2501— 3001— 3501—4000
2000 2500 3000 3500

No. of children 9 19 8 6 3 3

Gestational age,
weeks 30 31—33 34—36 37—41 42—43 Unknown

No. of children 13 10 10 8 1 6

Weight for ges-
tational age, 
percentiles 10 10— 50 50—90 90 Unknown

No. of children 9 26 8 2 3

T a b l e  IV

B irth  w eight, gestational age and  percentile d istribution  o f  children w ith norm al outcom e

Birth weight, g 1500 1501—
2000

2001 — 
2500

2501—
3000

3001—
3500

3501—4000 4000

No. of children 22 41 30 28 21 11 2

Gestational age, 
weeks 30 31 — 33 34—36 37—41 42—43 Unknown

No. of children 14 24 46 50 10 i l

Weight for age, 
^percentiles 10 10—50 50—90 90 Unknown

No. of children 39 74 32 3 7

T a b l e  V

Frequency o f  congen ital anom alies in  the three subgroups o f  children

M ajor congenital 
anomalies

M inor congenital 
anom alies T o tal anom alies

N um ber Percentage N um ber Percentage N um ber Percentage

Normal children 3 3.8 49 22.4 57 26.2
Children with cerebral palsy 7 46.6* 5 33.3 12 80
Retarded children 5 10.4 16 33.3 21 43.7

* Significantly different from that o f normal children (p <  0.001) and from  th a t  
o f  *he retarded children (p <  0.02)
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Incidence of clinical signs of asphyxia

The frequency of meconium stained 
am niotic fluid, Apgar score less than  
6 and  the  therapeutic measures point
ing tow ards the poor postasphyctic 
condition necessitating admission im
m ediately after birth are shown in 
Table V I. I t  can be seen th a t  meco
nium  stained amniotic fluid was more 
frequently  encountered in the  sev
erely handicapped chM ren. Still, the 
incidence of an Apgar score less th an  6, 
and th e  number of newborns needing

resuscitation or bicarbonate therapy  
did not differ between the  three 
subgroups.

Prenatal and postnatal events and 
complications

Although the population followed 
up was selected by different criteria 
of asphyxia as the principal cause of 
serious m ental and physical im pair
ment, we also looked for other events 
and complications operating over a 
period of time during gestation,

T a b l e  IV

F re q u e n c y  o f  c lin ic a l  in d ic a tio n s  o f  p e r in a ta l  a s p h y x ia

M econium 
stained  am niotic 

flu id
Apgar score <  6 Resuscitation

B icarbonate
th e rap y

Per-
N  um ber centage -T  u  P e r -N um ber centage N um ber centage

Per-
N um ber centage

Children with normal
outcome 23 14.8 93 58.7 65 41.9 148 99.3

Children with cerebral
palsy 5 33 9 60 7 46.6 13 86.6

Retarded children 6 12.5 36 75 23 47.9 47 98

Total population 34 15.1 138 63.3 95 43.5 208 95.3

T a b l e  V II

Frequency o f  toxaem ia  and  threatening abortion or premature delivery

Toxaem ia Threatening abortion  or prem ature 
delivery

Number P ercentage N um ber P ercentage

Children with normal outcome 64 41.3 80 51.6
Children with cerebral palsy 4 26.6 7 46.6
Retarded children 23 47.9 30 6 2 .6

T otal population 91 41.7 117 53.6
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T a b l e  V III

Incidence о the relevant postn ata l m anifestations and therapeutic in terven tion s

IRDS Recurrent apnoea Convulsions

Number Percentage Number Percentage Number Percentage

Children with normal 
outcome 10 6 .9 4 4 28 15 9 .6

Children with cerebral palsy 4 7.3 11 23 4 2 6 .6

Retarded children — — 5 33 4 8 .3

Total population 14 6 .4 6 0 2 7 .5 23 1 0 .5

O ther cerebral symptom s V entilation 0 2- th e rap y

N um ber Percentage N um ber Percentage N um ber P ercen tage

Children with normal 
outcome 90 58 24 15.5 144 99.3

Children with cerebral palsy 30 62.5 7 14.4 47 98
Retarded children 9 60 1 6.6 12 80

Total population 129 59 32 14.6 203 93.1

around or after birth. These patho
logical conditions might represent 
antecedents or consequences of as
phyxia and more or less contribute 
to  the handicap.

In Table V II the frequency of 
toxaem ia and threatening abortion or 
prem ature delivery can be seen. Both 
complications were frequent in every 
subgroup with no significant dif
ference. Thus, a large proportion of 
the pregnancies were of high risk.

The incidence of the most relevant 
postnatal events and manifestations 
as well as therapeutic interventions 
is shown in Table V III. The occur
rence ra te  of IRDS was lower than 
10% in the normal and retarded 
group, and it was not observed at 
all in the CP group. The proportion 
of infants affected by recurrent apnoea

exceeded, however, 20% in every 
group. Cerebral symptoms such as 
convulsions, increased tremor, abnor
mal reflex responses and m otor be
haviour were frequently seen quite 
independently of the outcome o f the  
asphyctic insult. Prognostically it  
appears im portan t that the incidence 
of convulsions in the CP group 
exceeded th a t  observed in the re ta rd ed  
and normal children.

Neonatal biochemical distortions poten
tially relevant to the outcome of asphyxia

Neonatal biochemical factors which 
might add  to the brain dam age 
incurred during perinatal asphyxia  
have also been explored in the popu 
lation studied. In Table IX , the  m ean 
blood glucose, calcium and pH  values
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T able  IX

M ean ( +  SD) postnatal b lood glucose, pH , serum  calcium  and bilirubin lev e ls  o f  the
three subgroups o f  children

Blood glucose 
m g/dl

Serum calcium  
m g/dl pH

M axim um  serum  
b ilirub in , m g/dl

Children with normal 
outcome

50.4±19.5  
n  =  119

8.2 ± 1 .2  
n =  102

7.3±0.10  
n  =  138

12 .3± 6 .8  
n  =  133

Children with cerebral 
palsy

4 6 ± 1 9  
n =  10

7 .6 ± 1 .4  
n =  10

7.25±0.09 
n =  15

12 .6 ± 6 .6  
n =  9

Retarded children 51± 13  
n =  35

7 .8± 1 .3  
n =  38

7.3±0.08  
n =  41

1 3 ± 5 .9  
n =  41

a t admission, and the  mean maximum 
postnatal serum bilirubin levels can 
be seen. Neither mean value distin
guished between the  children with 
different outcome. I t  is interesting 
th a t the  frequency of hypoglycaemia 
was practically the  same in the 
norm al children and in  those with 
cerebral palsy (27.7% vs. 30%). The 
incidence of calcium and pH  values 
lower th an  7 mg/dl and  7.20, respec
tively, was somewhat b u t not signif
icantly  higher in  the  CP group in 
comparison to the retarded  and nor
mal children. The m ean maximum 
serum  bilirubin level exceeding 15 
mg/dl was not significantly different 
in the  three groups.

D i s c u s s i o n

The question th a t  often arises in 
connexion with th e  outcome of an 
asphyctic insult is, w hat constitutes 
a  clinically significant episode of 
asphyxia? The duration  and degree 
of asphyxia are those criteria whose 
knowledge would be im portant to 
avoid the inconsistencies in the defi

n ition o f asphyxia m foliow-up stud 
ies. Since these criteria are either 
lacking or not precisely recorded we 
have used our own criteria given in 
the section of Materials and  Methods. 
We believe that these m inor and 
m ajor asphyctic features constitute 
a reliable guide to the presence of 
asphyxia and its acute sequelae in 
the  im m ediate postnatal period which, 
in fact, necessitated admission to  the 
in tensive care unit for fu rther tre a t
m ent and  observation.

Somatic, gestational age and intra
uterine growth characteristics

The distribution of in trauterine 
grow th rates of the three groups of 
children showed a shift to  th e  lower 
w eight for gestational age zones. 
G row th retardation defined as birth 
weight < 1 0 %  is a striking feature of 
the children suffering from  cerebral 
palsy. The majority o f low birth 
weight CP children (weight < 2500 g) 
were full term  infants (gestational 
age ,>37 weeks). Only one severely 
handicapped child had a  very  low 
b irth  weight-
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This suggests th a t it is the disma- 
tu rity  associated with asphyxia which 
should he regarded as a major risk 
factor of cerebral palsy rather than  
p rem aturity  with very low birth 
weight « 1 5 0 0  g). Although several 
previous follow-up studies [2, 9, 10, 
16, 22, 23, 24] undoubtedly show th a t 
growth retardation is an im portant 
determ inant of severe handicap, the 
single cerebral palsy patient with 
very low b irth  weight found in this 
study does not diminish the aetio- 
logical role of im m aturity associated 
with perinatal asphyxia in the patho
genesis of severe brain damage. The 
actual prevalence of major handicaps 
in very low birth weight infants 
depends on several factors such as the 
frequency of high risk pregnancy, 
length and severity of asphyxia, peri- 
and neonatal care, and w hat is very 
im portant, the ultim ate prevalence 
a t different ages will depend on the 
survival of asphyctic very low birth  
weight infants. I t  is reasonable to 
suggest th a t a high m ortality in this 
group of neonates would lead to a 
low incidence of severe perm anent 
handicap, since the m ajority of criti
cally ill and seriously damaged asphyc
tic infants by peri- and intraventric
ular haemorrhage would not survive. 
Our regional neonatal intensive centre 
is a referral unit, and the m ortality 
of seriously affected prem ature in
fants weighing less than  1500 is 
rather high. This can be one of the 
reasons th a t  in the present survey 
only one spastic child of very low 
birth  weight was encountered. The 
large proportion of prem ature infants

weighing less than 1500 g who showed 
minor, mostly developm ental con
sequences of asphyxia points, how
ever, towards the possibility th a t  the 
outcome of acutely asphyctic imma
tu re  infants is seldom characterized 
by  cerebral palsy syndromes; it mainly 
threatens more mature, b u t  in trau te
rine retarded infants suffering from 
chronic or subacute asphyxia. This 
would support the conclusion of sev
eral surveys tha t the im proved quality 
of perinatal management largely con
tributes to the improved outcom e of 
very low birth weight infants. The 
different sensitivity to  asphyxia of 
the immature and more differen
tia ted  brain could also explain the 
considerably higher frequency of cere
bral palsy in small for gestational 
infants than  in those o f very  low 
b irth  weight. Since severe handicap 
usually results from more th an  one 
gestational or perinatal factor, it is 
also possible th a t the com bination of 
asphyxia and intrauterine m alnutri
tion  is associated with a  more un
favourable outcome th an  th e  combi
nation of imm aturity and  asphyxia.

The significance of intrauterine growth 
retardation

The high proportion of in trauterine 
growth retardation in the  CP group 
of children observed in  the  present 
survey confirms previous observa
tions. Hagberg et al [16] found th a t 
in  a cohort of 357 CP children, weight 
for age beyond 35 weeks o f gestation 
was much less than th e  normal 
average for respective age. The sizable
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portion  of twins in th is group also 
poin ts to the aetiological role of 
dysm aturity  whose im portance con
siderably increases during th e  second 
p a r t of the third trim ester. From  this 
su rvey  it also follows th a t  the fre
quency of cerebral palsy increases with 
increasing weight deficit for gestation
al age. Sabel et al [22] and  Scherzer and 
Miké [24] also stressed th e  importance 
o f smallness for dates. According to 
H agberg et al [16] i t  appears th a t fetal 
deprivation of supply in  the  aetiology 
o f cerebral palsy has recently  become 
a  more important factor in Sweden.

In  an epidemiological study of 
cerebral palsy in W estern Australia 
D ale and Stanley [10] also found 
th a t  intrauterine grow th retarded 
infan ts were high risk  o f spastic 
cerebral palsy. In  the ir survey only 
2 .9%  of the control population was 
small for dates com pared w ith 17.8% 
of the  cases.

In  contrast Ellenberg and  Nelson
[14] found tha t the  b irth  weight for 
gestational age was w ith in  normal 
lim its in full term  in fan ts suffering 
from  CP. They regard  low birth 
weight and short gestation  as the 
m ost im portant risk factor o f cerebral 
palsy. Drillien [11] exam ining infants 
weighing less than  2000 g observed 
no difference in the  incidence of 
cerebral palsy among sm all and large 
for dates newborns in comparison to 
tru e  premature infan ts. She stated 
th a t  some cases of m ental and neuro
logical deficit were due to  hypo- 
glycaemia, but th e  m ost striking 
feature was the m uch higher inci
dence of congenital anomalies (both

minor and  major) in those who were 
m arkedly underweight for gestational 
age. D rillien is inclined to believe 
th a t in  some children the handicap 
is due to  some developmental m al
form ation. The global incidence of 
m ajor and  minor abnormalities in 
the th ree  subgroups of the present 
survey was also rather high, partic 
ularly in the  children who had been 
small for dates. This might support 
the contention th a t congenital devel
opm ental anomalies could be a further 
factor contributing to the severity 
and possibly type of handicap.

The significance of in trauterine 
re tardation  as a risk factor should 
also be k ep t in mind when the o u t
come of low (2500 g) or very low 
(<1500 g) birth weight infants is to  
be explored. Commey and F itzhar- 
dinge [9] examined the neurodevel- 
opm ental sta te  of 149 newborns of 
very low b irth  weight a t two years 
of age. T h irty  per cent had a m ajor 
handicap, and the second highest risk 
were infan ts with evidence a t b irth  
of severe intrauterine growth re ta r
dation. Twelve of 28 malnourished 
babies o f less than 33 weeks gestation 
were handicapped compared with 
only th ree  of 28 preterm babies of 
appropriate  weight for gestation and 
with sim ilar neonatal course. Thus 
the grow th retarded preterm  infants 
showed a  significantly higher inci
dence (49%) than  tha t seen in very 
low b irth  weight but appropriate for 
gestational age. Commey and Fitz- 
hardinge’s survey in fact confirmed 
the conclusion of Hagberg et al. [16] 
th a t cerebral palsy increases progrès-
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sively with increasing fetal m alnutri
tion and decreasing gestational age. 
As a result, the very small for gesta
tional age prem atures have a fifteen
fold greater risk of CP. In  the present 
survey only 4 of the CP children were 
prem ature and among them  one had 
a very low birth  weight and two were 
small for gestation.

In  contrast to these findings Ellen- 
berg and Nelson [14] reported tha t 
the risk of CP was highest among 
very low birth  weights appropriate 
for gestational age and it was also 
higher among infants weighing 1501 
to 2500 g if they were true prematures 
than  if they were small for dates. 
This discrepancy and uncertainties in 
the prevalence of a history of low 
birth weight in children w ith cerebral 
palsy either appropriate or retarded 
for age are probably due to  the biases 
in the selection of patient population 
as it has been pointed out by Brown[4].

Despite some inconsistencies in the 
observations cited it appears justified 
to conclude th a t smallness for date 
both in preterm  and term  infants 
represents a high risk factor of cere
bral palsy. On the basis of the present 
study we agree with Hagberg et al.
[16] th a t “ fetal growth retardation 
and other factors summarized in the 
term  fetal deprivation supply, stand 
out as particularly im portant, prob
ably both as predisposing and di
rectly damaging factors” . This brings 
into focus the prenatal factors operat
ing during a certain period of time, 
causing cerebral palsy, or making the 
brain more vulnerable to asphyxia, 
or other perinatal complications.

The significance of asphyxia in  pre
mature and mature infants

During the last decade great efforts 
have been made to decrease the mor
ta lity  of very low b irth  weight 
infants [6, 13, 17, 18, 20, 21, 27, 29]. 
As to the aetiology of late handicaps 
in this group of neonates, the poten
tial factors are difficult to  evaluate. 
The question which often arises is 
whether prem aturity, im m aturity  or 
asphyxia are directly related to  brain 
damage or developmental and intel
lectual retardation. Although asphyx
ia can be regarded as the single most 
im portant adverse condition causing 
long term  sequelae the great dif
ference in outcome (intact survival, 
impaired survival with different neu
rological, developmenta1 and be
havioural sequelae, death) makes it 
difficult to  attribu te the handicap 
only to asphyxia [1, 5, 25, 26]. I t  
should always be kept in m ind th a t 
the m ajority of asphyctic newborns 
show no sequelae and even a severe 
asphyctic insult must not always have 
grave consequences. Mulligan and 
Shennon [19] reported th a t gestational 
age was not related to the incidence 
of sequelae of asphyctic neonates and 
the severity of impairment was similar 
in m ature and prem ature infants. 
Does this mean th a t the risk factors 
of cerebral damage following an 
asphyctic insult are independent of 
gestational age and b irth  weight ? 
We have no evidence to  settle this 
problem.

The present study has confirmed 
the previous observation [1, 5, 25, 26]
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th a t  th e  majority of neonates affected 
b y  an  asphyctic insult show no long 
term  abnormalities. Out of 218 asphyc
tic  newborns 15 developed major 
handicaps and 48 were found to show 
some neurodevelopmental disability 
and  intellectual performance. The 
rem ainder were found to  be normal. 
This strikingly dem onstrates tha t 
there is not a simple relationship 
between asphyxia and eventual han
dicap. Scott [25] found th a t  even 
infants whose respiration could be 
restored within the first 20 minutes 
m ay  be normal a t follow up. Out 
o f th e  acute consequences of acute 
asphyxia (metabolic acidosis, meco
nium  stained amniotic fluid, the 
im m ediate neonatal s ta tu s  as judged 
by  the  Apgar score, and  resuscitation 
either by mask or intubation), only 
in trau terine meconium passage oc
curred more frequently in  the  cerebral 
palsy  group, but the difference was 
not significant.

There are certainly o ther noxious 
factors associated w ith or related to 
asphyxia which can be of a great 
aetiological significance. I t  is there
fore difficult to ascribe a  causal 
significance to prem aturity  or asphyx
ia as a single factor leading to  various 
long term  effects. The prevention of 
e ither one of the two im portan t con
ditions by adequate care of the 
p regnant mother and m odern manage
m ent of the perinatal period can 
be expected to lead to  a marked 
reduction in the incidence of major 
handicaps simply because i t  also pre
vents those secondary conditions 
which directly or indirectly  lead to

long term  neurological abnormalities. 
A recent review [28] of the reported 
data  appears to support the suggestion 
th a t increased survival of the very 
low b irth  weight in infant is not 
associated with an increased incidence 
of brain damage.

The prognostic value of pre- peri- and 
postnatal factors in  asphyxiated neo
nates

In  order to correlate pre- peri- and 
postnatal factors and complications
with the  outcome of high risk neo
nates one has to find reliable predic
tors of the late status which can be 
of help in establishing a be tte r manage
m ent and successful prevention.

In  the  present survey gestational 
complications such as toxaem ia and 
haemorrhage indicating threatening 
abortion or prem ature delivery had 
the same incidence in the three sub
groups of children. I t  would, of course, 
be im portant to know additional 
variables such as the duration and 
degree of asphyxia, severity of tox 
aemia and postnatal condition as 
well as the biochemical abnormalities 
potentially capable of causing cere
bral damage. Among the postnatal 
conditions only the incidence of con
vulsions seemed to be im portant 
prognostically which according to 
Yolpe has a high predictive value for 
an unfavourable outcome [8, 30].

Some authors [3, 7, 12] reported 
th a t transient neurological signs in 
high risk neonates can be predictive 
of less severe developmental abnor
malities or schooling difficulties.
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Therefore they regard transient poor 
conditions and transient neurological 
s'gns im portant which m ay pinpoint 
to later sequelae. In  the present study 
cerebral symptoms other than  con
vulsions were frequently seen in the 
three groups, showing th a t asphyxia 
was often associated w ith neonatal 
cerebral morbidity which, however, 
was not predictive of the outcome. 
The same applies to the  distortions 
of the im portant biochemical varia
bles (pH, calcium, bilirubin, glucose) 
which either by themselves or in 
combination do not seem to  be helpful 
in identifying those asphyctic new
borns who are a t high risk of major 
sequelae. In  connexion w ith hypo- 
glycaemia, < 3 0  mg /dl in full term , 
and < 2 0  mg/dl in preterm  neonates, 
it  should be stressed th a t  in neither 
case was it judged as sym ptom atic 
hypoglycaemia, which is known not 
to  be followed by cerebral damage.

Although the neonatal conditions 
and isolated cerebral signs have no 
great predictive value, one should not 
disregard the potentiality  of certain 
signs, for example of neonatal con
vulsions.
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