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A p ro sp ec tiv e  co n tro lled  tr ia l h a s  re c e n tly  been  re p o r te d  to  show  
th e  effectiveness o f  D -pen ic illam ine  (D PA ) in  th e  p rev en tio n  o f  re t in o p a th y  
o f  p re m a tu r ity  (R O P) a m o n g  in fan ts  less th a n  2000 g b ir th -w e ig h t. T he 
p resen t p a p e r  is a  co m prehensive  overv iew  o f  a  co h o rt o f  204 p re m a tu re s  
enrolled in  th e  ab o v e  s tu d y , w it re sp ec t to  m o r ta l i ty  an d  o u tco m e.

S u rv iv a l r a te  in  th e  D P A  tre a te d  g ro u p  w as th e  sam e a s  o f  th o se  
receiv ing  co n v en tio n a l th e ra p y . W hen  th e  o u tcom e o f  th e  D P A  tre a te d  
and  th e  c o n tro l in fa n ts  w as  co m p a red  in  te rm s  o f  b o th  m a jo r  a n d  m in o r 
im p airm en ts , th e  fre q u e n c y  o f  d isab led  a n d  h an d icap p ed  in fa n ts  w as h ig h e r 
in  th e  co n tro l g ro u p . T he sam e  w as observed  w ith  re sp ec t to  th e  n u m b e r 
o f  rep ea ted  h o sp ita l tr a tm e n ts ,  w hich w as s ig n ifican tly  h ig h e r a m o n g  th e  
co n tro l babies.

T he re su lts  suggest t h a t  D P A  effec tive ly  p re v e n ts  R O P  a m o n g  very - 
-low -b irth -w eigh t in fan ts , a n d  a lso  th a t  th e  d ru g  h a s  no  ad v e rse  e ffec t on 
e ith e r m o r ta l ity  o r  la te  dev e lo p m en t.

In spite of all the technical ad­
vances facilitating continuous moni­
toring of vital functions in intensive 
care nurseries which are suitable to 
diminish mortality among low-birth- 
-weight (LBW) infants, some chronic 
conditions of immature babies, such 
as retrolental fibroplasia (RLF) or 
bronchopulmonary dysplasia (BPD) 
remain unsolved problems.

We have recently reported a pro­
spective controlled trial about the 
effectiveness of D-penicillamine (DPA) 
in the prevention of retinopathy of 
prematurity (ROP) [9]. Six of the 
surviving 70 control infants and none 
of the 71 surviving DPA treated in­
fants had ROP stage II or worse.

When considering the benefits of a 
new drug, it is important to measure

its potential side effects. Still, to judge 
adverse effects among LBW infants is 
a difficult task. These babies are ob­
viously at high risk for a variety of 
factors and they are subjected to many 
therapeutic interventions which may 
be more dangerous than DPA treat­
ment. It should be remembered that 
determination of the risk/benefit ratio 
does not arise in connection with a 
given disease in neonatal intensive 
care but presents itself in relation to 
two crucial questions: the mortality 
rate on the one hand and the outcome 
on the other.

As far as the outcome is concerned, 
not only the conventional method of 
evaluation was considered by report­
ing the rates of major neurological, 
developmental and other handicaps,
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but a broader spectrum of develop­
mental morbidity (rehospitalization, 
physical growth and minor neurologi­
cal and perceptual abnormahties) were 
also taken into account [6, 14]. This 
report represents a comprehensive 
overview in the first year of life 
incorporating all the above factors, 
from a cohort on infants enrolled in 
the above mentioned prospective 
study.

P a t ie n t s  a n d  M e t h o d s

T h e  p rospective  c o n tro lled  t r i a l  o f  D PA  
to  p re v e n t  re tin o p a th y  o f  p r e m a tu r i ty  w as 
c a rr ie d  o u t in  th e  N e o n a ta l In te n s iv e  Care 
U n it ,  b e tw een  th e  J a n u a r y  1 st, 1983, and  
M a rc h  6 th  1984. 204 in f a n ts  w ith  b irth - 
w e ig h t be tw een  761 a n d  2000 g  a n d  26— 36 
w eek s  o f  g esta tiona l age  (100 tr e a te d  and  
104 c o n tro l subjects) w ere  en ro lled  in  th e  
s tu d y .  D eta ils  o f th e  s tu d y  h a v e  recen tly  
b e e n  pub lish ed  [9]

F ollow -up  exam inations

P a re n ts  w ere in tro d u c e d  to  th e  follow­
u p  p ro g ra m  p rio r to  th e  in f a n ts ’ d ischarge 
f ro m  th e  n u rsery , w hich n o rm a lly  occurred  
w h en  th e y  weighed a t  le a s t 2400 g, w ere 
in  ro o m  a ir  and  w ere fed  o ra lly . T h is  gener­
a lly  to o k  place betw een  39 a n d  44 weeks 
o f  c o rre c te d  o r p o s tm e n s tru a l age. A s a  
ru le , in fa n ts  w ith  ch ron ic  co m p lica tio n s  r e ­
q u ire d  longer h o sp ita liz a tio n . A fte r  d is­
c h a rg e , in fan ts  w ere fo llow ed  p ro sp ec tiv e ly  
a t  th e  co rrec ted  age o f  a t  le a s t  1, 3, 6 and  
12 m o n th s . T hey  w ere  e v a lu a te d  fo r 
g ro w th , physical, d e v e lo p m e n ta l an d  n eu ­
ro lo g ic a l s ta tu s , h ea rin g  a n d  v is ion . N eu­
ro lo g ica l exam ina tion  w a s  c a rr ie d  o u t b y  
a  m o d ified  m ethod  o f  V o jta  [15 ], develop­
m e n t  w as m easured  b y  B ru n e t-L e s in e ’s 
t e s t  [2] w hich has b een  s ta n d a rd iz e d  for 
th e  H u n g a ria n  p o p u la tio n , a n d  th e  achieve­
m e n t  o f  th e  child is ta k e n  a s  n o rm a l over

70 p o in ts . In te r im  m ed ica l h is to ry  w as 
in v a r ia b ly  docum en ted . Social back g ro u n d  
w as e v a lu a te d  in  te rm s  o f  a  m od ified  v e r­
sion  o f  G ra ffa r’s in d ex  [4]. B o th  in  th e  
D P A  tr e a te d  an d  th e  c o n tro l g ro u p  th e  
r a te  o f  ch ild ren  liv ing  in  p o o r cond itions 
w as h ig h e r  (24%  an d  30% , respective ly ) 
th a n  th e  fig u re  fo r th e  g en era l p o pu la tion . 
O n ly  a  q u a r te r  o f  th e  in fa n ts  in  e ith e r 
g ro u p  h a d  a  b e tte r  socioeconom ic b ack ­
g ro u n d  w ith  a t  le a s t one p a re n t  hav in g  
g ra d u a te d  fro m  college a n d  h av in g  a  
w ell-pa id  jo b . T he fo llow -up s ta f f  w as 
u n a w a re  w h e th e r  a  b a b y  belonged  to  th e  
D P A  tr e a te d  o r  th e  co n tro l g roup .

I n  th e  s tu d y  period  137 in fa n ts  w ere 
d isch a rg ed  fro m  th e  n u rse ry . C om plete  fo l­
low -up  in fo rm a tio n  p e rm ittin g  v a lid  con ­
clu s ions to  be  d raw n  w as o b ta in e d  fo r 120 
ch ild ren  (87 .6% ), s ix ty  in  each  g roup . 17 
c h ild re n  (e ig h t in  th e  D P A  tr e a te d  an d  
n in e  in  th e  co n tro l g roup) w ere  lo s t fo r 
fo llow -up . T h ree  m oved  to  o th e r  a reas o f  
th e  c o u n tr y  an d  th e  re s t fa iled  to  a tte n d  
a ll o r  m o s t o f  th e  fo llow -up exam ina tions. 
A cco rd in g  to  th e  in fo rm atio n  o b ta ined  
f ro m  th e  d is tr ic t p ed ia tric ian s  a n d  local 
h e a lth  se rv ice  none o f  th e  la t te r  suffer 
fro m  se rio u s  dev e lo p m en ta l d e la y  o r ch ro n ­
ic illness.

S ta tis tica l ana lysis

C o m p ariso n  betw een  th e  D P A  tre a te d  
a n d  th e  c o n tro l g ro u p  w ith  re sp ec t to  
m o r ta l i ty  a n d  ou tcom e w as ca rried  o u t 
u s in g  S tu d e n t’s te s t,  ch i sq u a re  te s t , 
M an n -W h itn e y  U  an d  F is c h e r’s e x a c t 
te s ts ;  in  a ll ev a lu a tio n s  p  <  0.05 w as 
ta k e n  a s  th e  c rite r io n  o f  s ta tis tic a l signific­
ance .

R e s u l t s

Mortality

Overall mortality of the study popu­
lation was 32.3%, 31% in the DPA 
treated, and 33.7% in the control 
group. (Table I). There was no signi­
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ficant difference between the two 
groups either in overall or in birth- 
weight specific mortality rate.

Survival rate of the very low birth- 
weight (VLBW) infants was 61.7%, 
65.1 % in the DPA treated, and 58.8 % 
in the control group, which corre­
sponds to the survival rates of the late 
1970s but was higher than in the early 
1980s [3, 7, 8, 12]. Comparison of 
survival rates between hospitals is dif­
ficult because of possible differences 
in populations (frequency of out- 
borns, variable socioeconomic condi­
tions, etc.), the philosophy of perinatal 
care and its technique. The higher

mortality rate of our study populations 
was probably due the fact that all 
our infants were outborn and the level 
of primary care varied greatly in the 
seven obstetric hospitals which had 
referred the babies to us. The main 
causes of death of all the 66 infants 
are summarized in Table II. In both 
groups, haemorrhagic comphcations 
were dominant, intraventricular haem­
orrhage in particular. The next 
major cause was infection. In sum, 
the group of infants treated with PDA 
in the neonatal period showed the 
same mortality figures as those sub­
jected to the usual therapy.

T a b l e  I

M o r ta li ty  o f  in fa n ts

Number (per cent)
DPA treated Control 

(n = 100) (n = 104)

All deaths 31 (31) 35 (33.7)

E arly  neonatal deaths (0—6 days) 16 (16) 17 (16.3)
Late neonatal deaths (7—27 days) 14 (14) 16 (14.4)
In fan t deaths 2(2) 3 (2.9)

T able  I I

C auses o f  d e a th  in  s tu d y  p o p u la tio n

Number

DPA treated Control
(n -  31) (n = 35)

Pneum onia 3 2
Bronchopulm onary dysplasia — 1
Pulm onary haemorrhage 4 6
In traventricu lar haem orrhage 18 21
Sepsis 3 4
Meningitis 2 1
H ydrocephalus 1 —
SIDS — 1
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O u t c o m e  a t  1 y e a r  o p  c o r r e c t e d

AGE

Neurological outcome

One hundred and six babies 
(88.3%) of the study population were 
neurologically normal at follow-up 
(Table III.).  Six (5%) had minor 
problems of motor overaetivity or 
muscle tone deviation. Eight (7%) of 
the children were neurologically ab­
normal, three in the DPA treated and 
five in the control group. One child 
suffered from epilepsy and seven had 
cerebral palsy. There was hardly any 
difference in the number of children 
suffering from cerebral palsy between 
the two groups, but there was in the 
severity of their impairment. While 
in the DPA treated group there were 
only three mild cases of spasticity 
(all functioning normally, DQ 81, 81 
and 94, respectively), in the control 
group there were two children with

mild spastic diplegia and hemiparesis 
(DQ 90 and 88, respectively), the other 
two suffered from moderate (DQ 76) 
and severe tetraspasticity, the latter 
with profound mental and motor 
handicap associated with microcepha­
ly-

Developmental outcome

With the exception of three babies 
in the VLBW category, the patients’ 
developmental functioning was within 
normal limits at 1 year of corrected 
age. One child in the control group 
was too severely handicapped for 
quantitative psychometric testing 
(Table IV), but concerning their real 
age, 14 of the 119 patients showed a 
developmental delay. Infants in the 
higher birth-weight category had better 
performance figures than those belong­
ing to the VLBW category. Among 
the latter the mean DQ was just over 
the normal limit in both groups. The

Table  I I I

N eu ro lo g ica l outcom e a t  1 y e a r  o f  c o rre c te d  age

<1500 g 1501—2000 g
Birth weight category DPA

(n = 36)
Control 
(n = 36)

DPA Control 
(n = 24) (n =■ 24)

M inor neurological 
problem s 2 2 1 1

E pilepsy — 1 — —
C erebral palsy 3 3 — 1

1 1 1
Spastic diplegia Spastic diplegia Spastic te traparesis

m ild mild severe (micro-

Spastic diplegia 
m ild

[Spastic hem iparesis 
m ild

Spastic hem iparesis 
m ild

Spastic te trap aresis  
m oderate

cephaly)
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T a b le  IV

D ev elo p m en ta l ou tco m e  a t  1 y e a r  o f  co rrec ted  age

<1500 g 1501—2000 g

DPA Control DPA Control
(n = 26) (n = 36) (n = 24) (n = 23 + 1*)

Corrected

age DQ 
(mean)

80.4 88.4
± 13.5 ±13.9

92.3
±11.3

90.9
± 12 .8

D Q < 7 0
(n )

1 2 — 1*

R eal 
age DQ 

(mean)
DQ <  70 

(n)

74.8
± 11 .2

78.8
±13.9

83.7
± 9 .8

81.5
± 11 .0

5 5 1 3 +  1*

differences between the DPA treated 
and control infants were not signifi­
cant.

Ophthalmological outcome

Substantial differences were found 
between the DPA treated and the 
control group among the VLBW in­
fants not only in the frequency of 
ROP but also with respect to other 
ophthalmological disturbances. Where- 
-as in the DPA treated group there 
were only two children who had any 
visual abnormality (one of them need­
ed correction of vision), in the control 
group 25% of the children suffered 
from various ophthalmological disturb­
ances disturbing their normal func­
tioning. In addition to the four RLF 
children (two of them having other 
visual lesions, too) four other infants 
suffering from amblyopia or myopia 
needed correction of vision.

In the higher birth-weight category 
the visual abnormalities were not so 
striking: in the DPA treated group 
four had strabismus while in the con­
trol group two had myopia and two 
strabismus.

Physical growth

Table V. shows the mean weights, 
lengths and head circumferences of 
the study population in the two differ­
ent birth-weight categories at 12 
months of corrected age. The overall 
picture of somatic development seemed 
to be somewhat more favourable in 
both birth-weight categories in the 
DPA treated group, but the differ­
ences were not significant statistically. 
At that age about 10% of the infants 
in the higher, and about 50% in the 
lower birth-weight category were two 
standard deviations below the mean 
in height and/or weight according to 
the growth chart of Babson [1].

Acta Paediatrica Jluvgarica 28, 1087



14 V ekerdy-Lakatos S  et al: Follow-up of prematures treated with ~D-penicillamine

T a b e  V

S o m atic  d ev e lo p m en t a t  12 m o n th s  o f  co rrec ted  age

Study group DPA treated Control
Birth-weight

category

Somatic development

<1500 g 
(n = 36)

1501- 
(n =

-200 g
24)

<1500 g 
(n = 36)

1501—2000 g 
(n = 24)

W eight, g 
m ean

±1256
8199 9389

± 1653
7942

±1230 ±1288
9181

L ength , cm 
m ean

± 3 .9
71.0 73.8

± 4 .2
70.6

± 4 .0 ± 4 .1 -
73.2

H ead  circumference, cm 
m ean

±1.74
44.8 45.9

± 2 .0
44.6

± 1 .8 ± 1 .6
45.2

Rehospitalization

A proper measure of subsequent 
morbidity relates to the incidence and 
causes of rehospitalization. These two 
factors evaluated in the period be­
tween discharge from the nursery and 
the corrected age of one year. With 
respect to the need for hospital treat­
ment, in both birth-weight categories 
the control infants showed a consider­
ably larger figure for the number of 
patients and the number of réadmis­
sions than did the DPA treated babies 
(Fig. 1). In the DPA treated group,

with the exception of one child who 
was admitted three times, all rehospi­
talized infants required hospital care 
only once or twice. Only children 
belonging to the control group were 
rehospitalized as many as five or six 
times. Respiratory tract infections 
constituted the major cause of the 
repeated hospital treatment in both 
groups, which was in agreement with 
the data of other authors [5, 6, 10] 
(Table VI).

Thus 15 children, one fourth of the 
DPA treated group, were rehospital­
ized on 23 occasions, which means an

1501-2000 g

F i g . 1. F req u en cy  o f  re h o sp ita lis a tio n
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T a b le  V I

C auses o f  reh o sp ita lisa tio n

Causes DPA Control 
Children (admission)

R espiratory tra c t infection 12 (20)“ 17 (46)“
Convulsion 2 (2 ) 2(2)
U rinary  tra c t infection 1 (1) 4(4)
O ther causes — 6(8)
Total 15b (23)” 28b (69)”

“ pcO.OOl 
b p < 0 .0 5
0 p< 0 .001

admission ratio of 1.58 per child. 
As opposed to this, in the control 
group twice as many children needed 
hospital treatment, on 59 occasions 
in all, which means a ratio of more 
than two admissions per child. The 
statistical significance observed should 
be obvious from Table VI. A possible 
explanation for these differences may 
be the beneficial effect of DPA treat­
ment in the early neonatal period on 
maturation of the immunological sys­
tem of prematures. Furthermore, like 
the other chelating agents, DPA is 
likely to have an antiviral effect.

D i s c u s s i o n

In the last 13 years we have given 
high doses of DPA for some days to 
more than 3500 term and preterm 
infants observing neither acute nor 
long-term adverse effects nor any 
late complications during several years 
follow-up. In spite of this, paediatri­
cians seem reluctant to use DPA in 
newborn babies probably because long

term administration of the drug in 
rheumatic arthritis was often followed 
by unpleasent and dangerous side 
effects [9]. In the recent trial, the 
drug was tolerated well by all the 100 
LBW babies.

The survival rate in the DPA treat­
ed group was the same as among those 
who received the conventional thera­
py. DPA did not alter the mortality 
spectrum either in any birth-weight 
category or with respect to the most 
possible causes of death.

The rate of survival is only one 
measure of the efficacy of perinatal 
care. The other very important ques­
tion is the quality of survival which is 
significantly harder to measure, and 
years may elapse before the full im­
pact of a new technology or treat­
ment modality on outcome becomes 
apparent [7].

Short-term (one or two years) 
follow-up results of the late 1970s and 
the early 1980s documented that the 
frequency of major handicaps (cere­
bral palsy, mental developmental de­
lay, epilepsy, hydrocephalus, deafness
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and blindness) varied between 8 and 
19% among the VLBW infants [8, 
11,12]. In the recent trial the frequen­
cy of major impairments among the 
VLBW infants was 19.4%, but 10 of 
the 14 impaired children have toler­
able functions (one with epilepsy, 
five with a mild degree of cerebral 
palsy and the four RLF children, 
since none of them went blind) and 
only the remaining four infants should 
be considered to be handicapped. 
When the outcome of DPA treated 
and the control infants is compared 
in terms of both major and minor 
impairments, the frequency of disabled 
and handicapped infants was higher 
in the control group than among the 
DPA treated babies. The same was 
observed with respect to the number 
of repeated hospital treatments, which 
was significantly higher among the 
control babies.

In sum, our results suggest that not 
only ROP and RLF could effectively 
be prevented with DPA administra­
tion among the VLBW infants, but 
also prove that the DPA has no serious 
adverse effects on later development.
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