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According to literary data, 70 to 
80 per cent of prem aturely born babies 
survive in adequate institutes. A t least 
as im portant as the problem of sur­
vival is, however, the question as to 
w hat will become of the survivors, 
in other words, the problem concern­
ing the  effect of prem ature b irth  on 
la te r  life.

In  order to  approach the problem 
we have subjected to a detailed exam ­
ination 6 to 7-year old prem aturely 
born children who — as im m ature and 
in many cases perinatally trau m at­
ized infants had been in our care 
during the first postnatal weeks. The 
reason for our examining these chil­
dren a t the beginning of the school 
age was th a t in this period of life 
numerous up to then laten t somatic 
phenomena and hidden behavioural 
disorders become manifest [17].

The questions to be elucidated were 
as follows.

(i) The incidence of
(a) somatic anomalies;
(b) neurological disorders and 

psychomotor retardation ;
(c) damage to the sense organs.

(ii) The mental development, i.e.
(a) are these children mentally

deficient or intellectually re­
tarded ?

(b) how do those with normal in­
telligence behave and how far 
are they socially balanced?

(iii) What is the prognostic and diag­
nostic value of electroencephalo- 
graphic examinations?

M a t e r ia l

O f the  bab ies a d m itte d  to  th e  D e p a r t­
m e n t o f  P re m a tu re  In f a n ts  in  1957, 60 
p e r  c en t h ad  com e fro m  th e  p rov inces 
a n d  40 p e r  c en t fro m  th e  c a p ita l;  21.7 p e r  
c e n t d ied  d u rin g  n e o n a ta l age a n d  11.5 
p e r  c en t in  th e  su b se q u e n t y ea rs .

A ll th e  284 su rv iv o rs  w ere in v ite d  to  
re p o r t a t  a  fo llow -up e x a m in a tio n ; an d  
a  to ta l  o f 193 a p p e a re d  a n d  could  be 
s tu d ied .

Met h o d s

I .  P erinatal period. W e s tu d ie d  th e  
fam ily  h is to ry , th e  co n d itio n s  o f  p reg n an cy  
a n d  delivery , a s  w ell a s  th e  o rig in a l case 
reco rd . A p a rt fro m  th e  c lin ica l d a ta ,  th e  
re su lts  o f  re p e a te d  an d  d e ta iled  neuro log ica l 
ex am in a tio n s  w ere o f  specia l c a ta m n e s tic  
in te re s t in  these  reco rd s. T he in fa n ts  w ere 
ex am in ed  neuro log ica lly  a s  d escrib ed  in 
a n  ea rlie r  p ap e r [20] a n d , if  n ece ssa ry , th e  
e x am in a tio n  w as su p p lem en ted  b y  th a t  o f 
th e  cereb rosp inal f lu id , th e  ey eg ro u n d s , as 
also b y  an  E E G .
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B irth w eight (g) Exam ined
Not

examined

Less than 1000 2 I
1000—1250 11 10
1250—1500 55 21
1501—1750 47 10
1750—2000 5 6 30
2001—2250 io 9
2251—2500 о 10

T otal 193 91

O n th e  ev idence o f  th e  h is to ry  a n d  th e  
sa id  ex am in a tio n s , th e  c h ild re n  were 
d iv id e d  in to  tw o ca tegories .

(i) Practically normal prematures, i.e. 
th o se  w ith  u n ev en tfu l fam ily  a n d  o b ste tric  
h is to ry  a n d  n o rm al c lin ica l p ic tu re ,  whose 
e x a m in a tio n s  m ade in  th e  n e o n a ta l period 
a n d  d u rin g  in fancy  h a d  g iv en  no rm al 
re su lts .

(ii) Perinatally traumatized prematures. 
T h is  ca te g o ry  included

a )  ch ild ren  w ith  p ro b ab le  fo e ta l anox ia  
on  th e  s tre n g th  o f  th e  h is to ry  (e.g. on 
a c c o u n t o f  a  m a te rn a l d isease  such  as 
to x a e m ia , a s th m a , e tc .) ; p o s tn a ta l  apnoea; 
ir re g u la r  delivery;

b )  ch ild ren  w ho in  th e  f i r s t  28 d ay s of 
e x tr a u te r in e  life h a d  su ffe red  fro m  som e 
d isease  w hich m ay  h av e  d a m a g e d  th e  n e r ­
v o u s  sy s tem  e ith e r d ire c tly  o r  b y  causing 
c e re b ra l an o x ia  (e.g. ic te ru s  g rav is , p n e u ­
m o n ia , m en ing itis , e tc .) ;

c) ch ild ren  w ho d u rin g  e a r ly  in fancy  
h a d  su ffered  a neuro log ical d iso rd e r a t t r i ­
b u ta b le  to  som e in ju ry  su s ta in e d  before, 
d u rin g  o r a f te r  b ir th  (i.e. b e tw e e n  th e  28th 
w eek  o f  in tra u te r in e  a n d  th e  2 8 th  d ay  of 
e x tr a u te r in e  life).

P e r in a ta l  in ju ries  w ill be discussed 
su m m a rily ; de ta ils  a re  d e a lt  w ith  in  a  
s e p a ra te  pap er.

H u n d re d  a n d  e leven  o f  th e  193 ex a m ­
in e d  p re m a tu re s  a n d  23 o f  th e  91 n o t 
re -ex am in ed  ch ild ren  h a d  su ffe red  some 
p e r in a ta l  in ju ry .

I I .  A ll p rem a tu re s  w ere  k e p t  u n d e r 
o b se rv a tio n  u n til th e  3rd  y e a r  o f  age ; they  
w ere  ex am in ed  once ev ery  6 m o n th , th en  
y e a rly , a n d  la te r  a t  su ita b le  in te rv a ls .

I I I .  T he fo llow -up e x am in a tio n  a t  th e  
age o f  6 to  7 y ea rs , th e  su b jec t o f th is  
p ap e r, in v o lv ed  a  su rv ey  o f th e  a fo rem en ­
tioned  a n te c e d e n ts  an d  a  d e ta iled  h is to ry  
covering  th e  la s t 3 y ea rs , w ith  especial 
a t te n t io n  to  fam ily  a n d  social co nd itions 
a s  w ell a s  to  p a th o lo g ic  episodes. T h is w as 
co m ple ted  b y  p a e d ia tr ic , neurologic, p s y ­
ch ia tric , e lec tro en cep h a lo g rap h ic  an d  o th e r  
n ecessary  ex a m in a tio n s  (cardiology, o p h ­
th a lm o lo g y , o to logy , au d io m etry , o r th o ­
paed ics, e tc .) .

R esu lts

Most of the children were slender in 
build and of low stature. Results of 
the somatic examinations are as­
sembled in Tables I  and II.

Gross changes (e.g. caput quadra- 
tum, beading of costochondral junc­
tions, H arrison’s sulcus) were regarded 
as criteria of rickets. They were found 
in 15 children (8 per cent).

A stooping carriage with hanging 
shoulders was seen in 13 children 
(7 per cent).

Congenital heart defect (patent duc­
tus arteriosus) was observed in a 
single case.

R etrolental fibroplasia, blindness or 
other serious visual defects, did not 
occur, whereas refractive errors or 
strabism  were found in 46 cases (24 
per cent). Since none of these irregu­
larities had led to  mental retardation 
or abnorm al behaviour, they are clas­
sified under the somatic findings.

Table I I I  shows the graver damages 
to the nervous system and the sense 
organs as also their mental and 
behavioural consequences.

Grave nervous disturbances (e.g. 
cerebral palsy, extrapyram idal motor
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T a b l e  I

L o n g itu d in a l g row th

Total
Percentile

Mean per centЛк** »Sev
3 3 1 10 25 50 75 j 90

6 female 42 5 5 8 11 13 22 (112.7)
6 48 — 2 1 13 18 11 3 1 32 (117.1)
7 19 — 5 ! 4 5 5 — — 22 (118.7)
6 male 38 1 5 8 12 10 2 — 27 (114.4)

,, 37 5 5 7 12 6 2 — 20 (116.3)
7 19 6 3 в 1 2 1 — 10 (116.6)

T a b l e  I I

IHsorder Number %

Rickets, bone deformity 15 7.77
Stooping carriage.............. 13 6.73
Congenital heart defect . . 1 0.51
Visual defect...................... 46 23.83

S tan d a rd  : T he  ta b le s  o f V. M ere­
d ith , Iow a C hild W elfare  R esearch  S ta ­
tio n , T he S ta te  U n iv e rs ity  o f Iow a.

disturbances, etc.) were observed in 
6 cases (3 per cent).

Slight psychomotor and/or intellec­
tual retardation was found in 91

children (47 per cent). This group 
includes children with retarded motor 
or m ental development, further those 
who had some slight locomotor defect 
or exhibited motor im m aturity, e.g. 
disturbances of co-ordination.

Grave defects of the sense organs 
were encountered in 6 cases (3 per 
cent) (2 children were deaf-mute, 4 
were hard of hearing).

Behavioural disorders, i.e. failure 
of adaptation to the environm ent or 
to  school life, were observed in 114 
cases (59 per cent).

T a b l e  111

Mental Ripe Unripe Unsuited

Nervous system, sense organs
N umber 

(%)
in  agree­

ment with 
chrono­

logical age
Retarded Deficient

Behav­
ioural dis­

order for normal schooling

Normal............................. 90
(46.9)

90 — — 34 90 — —

Slight motor and/or mental 
retardation .................

91
(47.1)

47 24 20 68 47 24 10

Serious impairment of 
sense organs................

6
(3.1)

— 3 3 6 6

Serious impairment of 
nervous apparatus . . . .

6
(3.1)

6 6 0

T ota l................................. 193 137 27 29 114 137 24 22
Per cent ......................... (100) 71.0 13.5 15.0 59.0 71.0 12.5 11.5
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T a b l e  IV

R e s u lts  o f B in e t—S im on te s ts

J. Q.
N um ber 

of children

>  90 (90—110) 137
>  75 (75—90) 27
>  50 (50—75) 16
<  50 9

Not accessible to examination 4

Total 193

Binet-Simon I. Q.-values are shown 
in Table IV.

M ental age was in harm ony with 
chronological age in 137 cases (71 
per cent), and the same num ber was 
ripe for school attendance, b u t  only 
56 (29 per cent) were faultlessly adap t­
ed from  a social point of view.

The problem of behavioural disor­
ders owes its importance to  th e  fact 
th a t  so m any of intellectually normal 
p rem atures display lack of a tten tion  
and  diminished adaptability [2, 5, 6 
10].

Two o f the examined children were 
suffering from epilepsy; one o f them  
was neurally  damaged, the  o ther was 
norm al in other respects.

Discussion

Six to  seven-year old prem aturely  
born children have been studied as to 
th e ir  som atic and mental condition. 
The results have been com pared with 
d a ta  reported  by other authors as also 
w ith d a ta  for full-term children of the 
sam e age.

R e ta rd ed  longitudinal grow th was 
a conspicuous feature; there was a

high incidence of bone deformities due 
to rickets.

According to  orthopaedic exam ina­
tions, the slooping carriage observed 
in 7 per cent was in no case due to  
some anatom ical irregularity. I ts  com­
paratively high incidence m ust have 
been due to  muscular hypertonicity 
and a debility of the ligaments, and 
also to  the fact th a t many parents, 
worrying too much about their p re­
m ature offspring, prevent them  from 
sufficiently engaging in physical exer­
cise and sports.

The considerable proportion of neu­
ral damage and impaired sense organs 
in comparison to full-term children 
is only natural. I t  is, however, the 
great num ber of children with a slight 
psychomotor or intellectual re ta rda ­
tion and of those having troubles of 
psychic m aturation and social adap­
tation  which has a decisive im por­
tance for education, schooling and 
society.

Disorders of behaviour were observ­
ed in 59 per cent of the examined 
subjects, of whom more than  71 per 
cent were not ripe for normal school­
ing. Against this, only 48 per cent 
of 204 children in the first grade of 
elementary school in a Budapest 
district were intellectually unsuited 
for the school; of these, 23 per cent 
were borderline cases [16]. Even if 
it is borne in mind th a t these figures 
refer to nursery-school children, i.e. 
to socially more or less adapted indi­
viduals and not to children selected 
a t random, the difference between the 
prem atures and the general popula­
tion is rem arkably high.

Sequelae oj Prematurity
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L iterature contains several reports 
[3, 5, 6, 14] on the retarded develop­
m ent and especially on the retarded 
longitudinal growth of prem ature 
children. Dann [3] has shown th a t 
the  second phase of the prem atures’ 
growth curve ascends more steeply 
than  the standard  curve. Our findings 
tend  to support this concept.

As regards im pairm ent of the sense 
organs, the present findings were in 
contrast with those reported in the 
literature. While numerous authors 
[3, 5, 6, 12, 13, 14, 15] registered a 
high percentage of blindness or retro- 
lental fibroplasia, there was no such 
defect in our material, a phenomenon 
presum ably explained by the fact th a t 
we are administering oxygen only if 
needed, and even then sparingly and 
a t concentrations of 25 to 30 per cent. 
On the other hand, we have no expla­
nation for the great number of hear­
ing defects. (Only one of the 6 children 
received prolonged streptomycin trea t­
m ent on account of meningo-en ce­
phalitis.)

Diseases of the respiratory trac t 
were the most frequent intercurrent 
diseases, and they occurred chiefly in 
the  first two years of life, just as in 
the  m aterial of other authors [4,6,11].

Lubchenko et al. [14] followed the 
developm ent of 63 children with less 
than  1500 g b irth  weight until their 
10th year of age. They observed neu­
rological disorders in 30 cases of 
which 22 were spastic diplegia. The 
intellectual level was normal in 35 
children; 20 of them  had, however, 
to  wrestle with problems of learning 
and adaptation. Among 50 children

of school age with birth weights under 
1300 g, Drillien [5] found only 25 
who were ripe for the elementary 
school, and 78 per cent displayed an 
abnormal behaviour pattern.

Drillien [6], Harper e t al. [9], 
Wiener et al [19], Fischer e t al. [8] 
and K nobloch et al. [12, 13] com­
pared  the development of several hun­
dred prem atures with th a t of children 
born a t  term. They all agree in th a t  
prem atures are inferior to  full-term  
children not only in respect o f somatic 
growth and the functioning o f the 
sense organs but also as regards 
neurom otor functions, intellectual po­
ten tia l and especially in social beha­
viour. I t  is still a m atter o f debate 
w hether

prem ature birth in itself, 
socio-economic factors, 
the intellectual status of the  parents, 
genetic factors, or 
prenatal events and possible peri­

natal traum a are responsible for these 
disorders. The problem is n o t easy 
because —• as has been s ta te d  by 
Dunham [7] and Alm [1] — there 
exists no standard of reference; the 
categories become, moreover, too lim it­
ed if  the criteria are exactly defined. 
Besides, most authors em ployed the 
retrospective method. In  th e  s tudy  of 
Harper et al. [9] the exam iners did 
not know which of the children were 
prem ature so th a t preconceived ideas 
could not contaminate the results.

Drillien [6] and Wiener et al. 
[19] attribute so much importance to 
socio-economic factors that they clas­
sified their material according to so­
cial position and the quality of the

A da paediat. hung. Vol. 0.



household in which the  children were 
living. In  addition D a n n  et al. [3] 
regard th e  m other’s intellectual facul­
ties and  D r i l l i e n  her “suitability” 
as fu rth e r criteria.

F o r the  exam ination of environ­
m ental, and partly  for th a t of genetic 
influences, full-term siblings of the 
prem ature children were chosen by 
D a n n  e t al. [3] and D r i l l i e n  [6] as 
standards of reference. Some full-term 
siblings of m entally deficient or retard­
ed prem atures brought up in unfa­
vourable surroundings or born of in­
tellectually  inferior parents were men­
tally  behind their chronological age. 
Our findings were in full agreement 
w ith the  above.

Psycho-social development is par­
ticu larly  influenced by environmental 
factors. This was borne out by a pair 
of tw ins both of whom displayed be­
havioural disorders and raised educa­
tional problems a t school. No peri­
nata l traum a had been suffered by 
either twin, and the  mental, motor 
and som atic development of both of 
them  was adequate until the 3rd year 
of age. The twins were separated at 
the  age of 3 1/2 years; one was hence­
forth  living with the mother, the other 
with the  paternal grandfather. Being 
neighbours, frequent meetings were 
unavoidable, and the mother and the 
grandfather would s ta r t heated dis­
putes and  verba] strifes on such occa­
sions in the  presence of the children.

I t  has been suggested by several 
authors [2, 10, 17] th a t  diminished 
efficiency and adaptability  originate 
from slight organic cerebral damage 
and th a t  it is possible to prevent or
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m itigate them  by early diagnosis and 
tim ely treatm ent. On the other hand, 
children with slight cerebral damage 
become increasingly susceptible to  
various disorders if kept in unfavour­
able surroundings. Electroencephalo­
graphy is of great diagnostic and 
prognostic value in this respect, a 
subject to  be treated in detail in 
another paper.

W hile our results are, essentially, 
in agreem ent with literary data , no 
detailed  and objective comparison is 
possible on account of the heteroge­
neity of the  weight groups. The ex ist­
ence of an inverse relation between 
b irth  weight and subsequent deficien­
cies has been claimed by several 
au thors [3, 5, 6, 9, 12, 13, 14], whereas 
the causal correlation of low birth  
weight w ith the number and degree 
of neural defects is unclear. The prob­
lem requires further investigations.

W e are in full agreement w ith the 
view [3, 5, 6, 18] th a t the develop­
m ent of prematurely born children is 
determ ined less by birth weight and 
more by  the  causes of prem ature deliv­
ery, such as familial and hereditary  
factors, conditions of pregnancy and 
labour, and the general course of the 
perinatal period. D a n n  et al. followed 
100 prem ature children until their 
10th year of age; the m others of 45 
m entally backward children had had 
grave complications during pregnancy. 
For example, 9 out of 13 children 
born o f toxaemic pregnancy had an 
I. Q. below 99.

I n  o u r  m a te ria l there  w as fo r in s ta n c e  
a  p re m a tu re  baby  bo rn  w ith  1300 g. 
A lth o u g h  no  pe rin a ta l t r a u m a  h a d  been

Sequelae of Prematurity
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reg is te red , th e  b a b y  h a d  f its  a t  th e  age 
o f  one year. T he ch ild ’s school reg is tra tio n  
a t  th e  age o f  6 y e a rs  h a d  to  be postponed  
on  acco u n t o f its  lack  o f  a tte n tio n  an d  low 
effic iency . T he m o th e r  w as delivered  o f 
a  second child o f  2900 g a f te r  an  a p p a re n tly  
n o rm a l p reg n an cy  3 y e a rs  la te r . T his 
second  child h ad  m u ltip le  congen ita l a n o m ­
alies. The sam e fa c to r  w as p resum ab ly  
responsib le  for th e  p re m a tu re  b ir th  o f the 
f i r s t  child a n d  th e  d e fec t o f  th e  second.

None of the various categories 
(formed according to birth weight or 
other characteristics) containing sur­
viving prematures selected from the 
material of a given year has a suffi­
cient number of members to warrant 
objective comparisons or definite con­
clusions. We have, therefore, started 
investigations in which prematures 
are divided into different categories 
according to certain characteristics 
(e.g. cases of placenta previa, birth 
weight, etc.) but irrespective of the 
year of birth. It will thus be possible 
to determine on the evidence of an 
adequately large material

(a) whether immaturity is a direct 
consequence of premature birth, in 
other words, whether a causal con­
nection exists between premature 
birth and the subsequent disturb­
ances;

G. Wohlmulh, R. Fráter:

(b) whether premature b irth  and 
the subsequent disturbances are con­
nected not directly but through peri­
natal traum atization;

(c) w hether irregularities observed 
in surviving prematures are not due 
to delivery before term but some sub­
sequent traum a, environmental in ­
fluence or disease.

The results are expected to  be in ­
structive by showing how the observ­
ed damages could have been pre­
vented, how far prenatal care facili­
tates prevention, and also by reveal­
ing the usefulness of precise paediatric 
and neurological data recorded from 
the first moment of life, further the 
advantages of early diagnosis and 
adequate therapy.

S u m m a r y

The late effect of prem ature birth 
have been studied in 193 prem aturely 
born children of school age.

Most of the children were of low 
stature and slender. Grave nervous 
disturbances were observed in 6 cases, 
slight psychomotor retardation in 91; 
hearing defects in 6, behavioural dis­
orders in 114 cases. Significance and 
the in terpretation of the findings has 
been discussed.

Sequelae of Prematurity
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