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204 infants with birthweights between 751 and 2000 g and 26—35
weeks gestational age (100 treated and 104 control subjects) were enrolled
in a prospective controlled trial of the effectiveness of D-penicillamine
(DPA) in the prevention of retinopathy of prematurity (ROP). The two
groups did not differ significantly in gestational age, birth weight, Apgar
scores, the time of exposure to oxygen and in the incidence of PDA or in the
number of exchange transfusions and RBTs.

Of the treated infants 29, and of the control infants 34 diod before
the tenth week of life. These cases were not included in further analysis.
Patients were subsequently examined and assessed by two ophthalmologists
independently, who did not know which babies were receiving DPA. Six of
the 70 surviving control infants and none of the 71 surviving treated infants
had ROP stage Il or graver.

The results suggested that ROP may effectively be prevented with
DPA in very low-birth-weight-infants, and that the drug has no serious
adverse effects during the neonatal period.

Although retinopathy of prematu-
rity (ROP) or, according to the tra-
ditional term, retrolental fibroplasia
(RLF) had been described more than
40 years ago [53], it remains an un-
solved problem [1, 20, 21, 30, 38, 39,
40, 47, 48]. Cases of ROP still occur
today despite improvements in moni-
toring oxygen therapy [3, 12, 49, 52,
55] and using high preventive doses of
vitamin E [14, 18, 19, 22, 29] in the
intensive care nursery. The increased
survival rate among extremely low-
birth-weight infants, combined with
additional factors other than excess
oxygen, may be responsible for the
“second epidemic” of the disease [4,
10, 15, 13, 26, 31, 46].

In our department we have used
D-penicillamine (DPA) for the treat-

ment of neonatal hyperbilirubinaemia
since 1973 [27, 28]. We have recently
reported that DPA therapy in the
neonatal period is associated with a
marked decrease in the incidence of
severe RLF among very-low-birth
weight infants [24, 25, 26].

The history of DPA in preventing
RLF can be divided into three pe-
riods in our department (see Table I).
In the first period we administered
DPA only against hyperbilirubinae-
mia as indicated in Table I. The origi-
nal aim of our retrospective screen-
ing programme, carried out in the
spring of 1979, was to estimate the
incidence of RLF during the period
1974—1978. It was surprising that
among babies treated with DPA to
prevent hyperbilirubinaemia there
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Table |

Tho history of D-penicillamine treatment of < 1500 g birthweight neonates
in Debrecen, Hungary

First period Second period Third period
(1974-78) (1979-80) (1981-82)
Dosage and application 300 mg/kg TV 300 mg/kg IV 300 mg/kg IV
for 3 days for 3 days for 3 days
+
60 mg/kg IV
for 2 weeks
Number of survivals 193 133 162
DPA-treated 61 133 162
RLF 1 1 1
Untreated 132 _ -
RLF 10 — —

was only one case of RLF, whereas
ten out of the 132 babies without
such treatment developed severe cica-
tricial stages of the disease. We then
decided that all infants of less than
1500 g birthweight and requiring
supplemental oxygen should receive
DPA therapy.

During the second period (1979—
1980) of DPA treatment there was
one case out of 133 surviving infants
who developed RLF. This baby re-
ceived DPA for three days and oxy-
gen therapy for three weeks. We then
changed the dosage and duration of
DPA administration.

During the third period (1981 —1982)
a new mode of DPA application was
introduced in January. It was, how-
ever, still not able to totally eradicate
the occurrence of RLF, as shown
by the data in Table I.

We believe that the above clinical
observations provided support for
conducting a strictly controlled pro-
spective trial [41] to investigate the
prevention of the cicatricial form of
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the disease (RLF) and the reduction
of its acute stage (ROP).

Patients and Methods
Subjects

The Newborn Intensive Care Unit
(NICU) of the University Medical School,
Debrecen, Hungary, is a centre for criti-
cally ill newborns. All our patients are
born elsewhere but are transferred by
ambulance to our Department in the first
24 hours of life. The present study included
infantswho had been born between January
1,1983,and March 6,1984,and had a birth-
weight between 751 and 2000g. Gestation-
al age was determined by maternal data
and Dubowitz assessment [11].

The infants were nursed in incubators.
All prematures had received oxygen ther-
apy for hyaline membrane disease, con-
genital pneumonia, recurrent apnoea, wet
lung, congestive heart failure, aspiration
syndrome, or CNS lesion. The infants re-
ceived uniform care after admission to the
NICU. Oxygen therapy was administered
by hood, nasal prongs, endotracheal tube,
or CPAP ventilation at concentrations
sufficient to maintain arterial oxygen ten-
sion between 50 and 70mmHg. An umbili-
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cal-artery catheter was inserted in all in-
fants requiring FiO,, greater than 0.6, or
mechanical ventilation, so that arterial
blood gases could be determined. When
possible, Pa02was continuously monitored
by means of transcutaneous (TC)P02
electrodes (Radiometer, Copenhagen, Den-
mark), for intermittent periods. The hae-
matocrit of acutely ill babies was kept
under 65% by partial exchange transfu-
sion with fresh frozen plasma. Double
volume exchange tranfusion was per-
formed when indicated for either hyper-
bilirubinaemia or sepsis. The indications of
replacement blood transfusion (RBT) were
severe anaemia and sepsis, or other condi-
tions requiring prolonged oxygen therapy.

Study design

204 preterm babies of 26—35 weeks ges-
tational ago were enrolled in the study.
Informed consent was obtained from the
parents and the trial was approved by the
ethical committee of the University. Rea-
sons for non-enrolment were a significant
congenital abnormality in 14 babies, or
death before 6 hours of life in 6 babies.

Infants in the study were randomly
allocated to control and treatment groups
by means of sealed envelopes according to
birthweight (751—1000 g, 1001—1250 g,
1251— 1500 g, 1501 — 1750 g, 1751—2000 g).

Infants in the treated group were given
daily 3 doses of 100 mg/kg body weight
DPA (Metalcaptasell — Knoll AG, Lud-
wigshafen, FRG) intravenously (1V) for
3 days. The first dose was administered
within 12 hours of birth. Babies below 1500
g continued to receive DPA once daily in
a dose of 50 mg/kg body weight 1V till the
end of the second week of life. Infants
above 1500 g were treated with DPA be-
yond 3 days only in cases where prolonged
oxygen therapy was necessary. — We were
unable to measure the serum level of DPA
in the treated group. No placebo was given
to control subjects. Haematocrit, haemo-
globin, WBC, platelet count, electrolytes,
blood gases, bilirubin, phototherapy and
urine analysis were recorded regularly until
discharge.

4

Ophthalmological examination

Examinations were conducted weekly at
a sot time to ensure regularity of visits to
the premature nursery. The infants were
first seen by an ophthalmologist (I.H.) at
6 weeks of age. He did not know which
babies had received DPA.The pupils were
maximally dilated with a mixture of phe-
nylephrine and cyclopentolato. Ocular
examination was performed with an indi-
rect (Keeler) ophthalmoscope without
scleral depression. Any infant who showed
evidence of ROP had regular ophthalmo-
logical examination until discharge. Ab-
normalities were noted and fundus draw-
ings were made. All infants were reassessed
before discharge from the NICU. The
findings in the acute phase of retinopathy
were recorded on basis of the new inter-
national classification of ROP [2, 36].
Grading ofthe cicatricial phase was accord-
ing to the classification of Reese et al.
[44]. The babies were subsequently examin-
ed and assessed by an independentophthal-
mologist (E.K.) unaware of the previous
therapy. The last ocular examination was
performed at the age of 6 months.

Statistical analysis

Clinical details were recorded by com-
puter. Comparison between DPA and
control groups with respect to baseline
characteristics and outcome was carried
out using Student’s test, Chi square test,
Mann—W hitney U and Fischer’s exact
tests. For all analyses, p = 0.05 was taken
as the criterion of statistical significance.

Results

Of the infants, 63 died before 10
weeks of age and were not evaluated
for the presence of ROP. 141 babies
completed the trial; 71 in the DPA
group and 70 in the control group.

Infants enrolled in the study are
shown in Table Il, according to their
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Table Il

Infants enrolled in the study

761— 1000
1001 — 1250
1251 — 1500
1501— 1750
1751— 2000

Total

12/4 (33.3)
19/11 (57.9)
35/28 (80.0)
19/15 (78.9)
15/13 (86.7)
100/71 (71.0)

Tabte Il

DPA

Control

All/ survived (per cent)

10/1

21/13
37/26
23/19
13/11

104/70

(10.1)
(61.9)
(70.3)
(82.6)
(84.6)

(67.3)

Baseline characteristics of the study population

No of infants

< 1500 g birthweight
Gestational age, weeks, mean

Overall

< 1500 g birthweight
Birthweight, g, mean (SD)

era
1500 g birthweight
Male/female

(SD)

Apgar score 1 min. Median grangeg

Apgar score 5 min. Median
Transported from distance of
< 10km
10—120 km
No of infants
Singletons
Twins
Triplets

Birthweight < 10th centile for gestational

age
Delivered by Caesarean s

range

ection

Received antenatal dexamethasone

Received phototherapy

Received exchange transfusion

Received RBT

With severe acidosis %p_H <72
rbi

With severe hypercarbia
(paC02 >50 mm Hg)

With episodes of hyperoxia
(pa02>100 mm Hg)

With episodes of hypoxia
. (pa02<40 mm Hg)

With hyperviscosity

With sepsis

With PDA (clinical)

With haemorrhagic tende

ncy

Median (range) duration of oxygen

treatment (%)
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DPA

71
43

30550

1488(281
1299(165
34/37

9
39
32

59
10
2

n
15
36
62
15
63
3

36
21
33
19

7

7
16

Control

70
40

53

1474(246
1310(164,
30/40

)

&8s

BRue BB B 8 BEEIBRE —~03

128(27—898)  125(21—860)
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birthweight. Table 111 demonstrates
the baseline characteristics of the
study population. There were no sig-
nificant differences between the two
study groups in mean birthweight,
gestational age, Apgar scores, or
with respect to the most important
perinatal data which are considered
risk factors for ROP and RLF. The
two groups did not differ significantly
in the duration of oxygen exposure
and in the incidence of patent ductus
arteriosus (PDA) treated with indo-
methacin, or in the number of RBT.
Only one case of bronchopulmonary
dysplasia developed in the control in-
fants. The very low incidence of this
disorder among our patients was
explained by the fact that only few
cases survived long-term mechanical
ventilation. Most of the infants were
treated with nasal or orotracheal
CPAP or oxygen delivered via head
hood. No statistically significant dif-
ference could be found in the treat-
ment delivered to DPA-treated pre-

matures when compared to controll
infants. Exposure to very high am-
bient oxygen tensions (Fi02:0.8—1.0)
beyond 48 hours of age was uncom-
mon in both groups.

During the 14 months study period,
6 infants were diagnosed as having
ROP stage Il or graver during their
hospital stay. Both eyes were affected
equally. All of these prematures be-
longed to the control group, so with
respect to the frequency of the active
phase of the disease, the difference
between the DPA treated and the
control group was significant statis-
tically (p = 0.013) using Fischer’s
exact test. DPA was found to reduce
the incidence of ROP significantly
not only in the overall study popula-
tion but in the infants of less than
1500 g birthweight (DPA: 43/0 vs
control: 40/6; p = 0.010). Table IV
reveals that ROP occurred exclusively
in neonates with birthweights 1001 to
1500 g. Table IV also shows the most
severe stage of ROP according to the

Table IV

Frequency of retinopathy of prematurity in the study population

Study population Normal
DPA group 71
Control group

761—1000 1
1001 —1260 8
1261 —1600 26
1601—1760 19
1761—2000 1

* Stage 1 — Demarcation line
Stage 2 — Ridge

Stage of the disease*

2 3 4

e

Stage 3 — Ridge with extraretinal fibrovascular proliferation

Stage 4 — Retinal detachment

4*
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new international classification. In-
fants with ROP had a gestational age
ranging from 27 to 31 weeks. It has
to be noted that the duration of
oxygen therapy in the cases with
ROP did not differ significantly from
that of the overall study population.
All but one had double volume ex-
change transfusion.

Any infant found to have ROP,
whatever its stage, was removed from
the study and treated with DPA in
a dose of 50 mg/kg bodyweight IV
daily for three weeks, and also cryo-
pexy, if it was indicated. The out-
come of ROP cases was as follows: 2
infants with stage Il and Ill recov-
ered completely, 3 babies with stage 11,
Il and 1V, respectively, developed
grade | cicatricial phase, with rela-
tively good vision. Only one case of
stage 1V developed grade 11 RLF.

No blindness occurred during the
study period.

Discussion

We uphold the view stated by
Lucey and Dangman [31]: “...RLF
is an extremely difficult disease to
prevent, treat, or investigate. A dis-
ease of this complexity with multiple
causes will require very large numbers
of infants in any controlled study of
atherapy.” This sample size, however,
would be impractical for any single
institution. Our aim was to use the
smallest possible sample size yet
large enough to have a reasonable
chance of detecting any clinically
important benefit of the investigated
treatment. The number of patients to
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be included in the study was calcu-
lated in advance to be 66 in the con-
trol and treated groups, respectively.
This assumption was based on an
expected ROP rate of 8—10% in
infants under 2000 g birth weight
[5, 9, 42, 50, 55] and a calculated
reduction in frequency of ROP to
less than, or equivalent to, 1% in
the DPA-treated group (p, = 0.08;
p2= 0.01; z= 1.96) [13]. The likeli-
hood of erroneously rejecting the null
hypothesis that the prophylactic ad-
ministration of DPA had no effect
on the incidence of ROP in our pa-
tients, was less than 5% with 95%
confidence. Thus, the Type | (alpha)
error was at the P = 0.05 level in
our study. After completion of the
study, the sample size had a power
of 73% for detecting a worthwhile
treatment difference if the rate of
ROP frequency for the treatment and
control groups were 0% and 8.6%,
respectively. Thus the Type Il (beta)
error was at the P = 0.27 level. This
suggested to accept the hypothesis
that DPA protects the eyes of infants
against ROP.

When ROP was diagnosed in six
infants we completed the blind con-
trolled trial of DPA prophylaxis. Fol-
lowing this the six appeared to have
been enrolled in an uncontrolled trial
of the effect of DPA plus cryotherapy
in progressing ROP. We must make it
clear, however, that the latter trial
is quite separate from the prophylaxis
trial and that the latter results are
based on a very small number of
patients and have not passed a rigo-
rous test.
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How does D-penicillamine act against
retinopathy of prematurity?

The aetiology of ROP is now ac-
cepted as multifactorial [4, 5, 10, 15,
16, 23, 31, 35, 46]. It may be assumed
that the development of ROP is trig-
gered by a number of conditions which
may disturb the retinal circulation
and result in ischaemic retinopathy
with the consequence of vasoprolifer-
ation and cicatrisation. Of these
factors, the immaturity and the oxy-
gen toxicity, which latter is not equiv-
alent to supplemental oxygen ther-
apy [33], are considered to be the
most important.

According to our hypothesis [7, 25,
29, 32, 33, 34], RPA appears to have
several modes of action against ROP.
The drug scavanges oxygen-free radi-
cals [51] produced by hyperoxia,
hypoxia [45] or other conditions fre-
quent in very low-birthweight, sick
prematures. In addition, this chelat-
ing agent facilitates heme synthesis
and inhibits heme degradation in
newborn animals. As those enzymes
that play an important role in anti-
oxidant defense (peroxidases, cata-
lase) are heme proteins, it is reason-
able to conclude that in preventing
hyperbilirubinaemia and ROP the
mechanism of action of DPA may
be identical: the protection of bio-
membranes against lipid peroxida-
tion. — DPA as a collagen antago-
nist [8, 37, 43] causes an increase in
soluble collagen in soft tissues; intra-
molecular cross-linkages are blocked,
and an absence of intramolecular
covalent bonds has been shown. The
formation of fresh insoluble collagen

is nearly quantitatively inhibited.
Furthermore, DPA accelerates the
turnover of preexisting insoluble col-
lagen by cleaving intermolecular
bonds. Of even more concern is the
effect of DPA on the solubility of
vitreous collagen [6]. In animals
treated with DPA it was found that
47% of the vitreous collagen became
soluble after treatment with DPA,
compared with 6% in the control
group. This observation was con-
firmed by another experimental study
which demonstrated that DPA re-
duced vitreous proliferation after per-
forating injury [54]. Consequently,
the inhibitory effect of DPA on col-
lagen synthesis may be beneficial
also in the process characterized by
neovascular proliferation and cica-
trisation.

Safety and tolerance of D-penicillamine

In the last eleven years we have
given high doses of DPA for some
days to more than 3000 term and pre-
term infants, observing neither acute
nor long-term adverse effects nor any
late complication 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 fol-
lowed by unpleasant and dangerous
side effects [17].

In our recent controlled trial, DPA
therapy was well tolerated by all
study infants. No single DPA treated
premature was withdrawn because
of severe side effects. Mortality rates
in the two groups were similar (see

Acta Paediatrica Hungarica 27, 1086
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Table I1). Including patients who
died beyond 10 weeks of age, the
rates were 31% and 33.7% for the
DPA-treated and the control babies,
respectively. There were no signifi-
cant differences when the data were
analysed by cause of death and com-
plications of intensive care. No rash,
thrombocytopenia, agranulocytosis,
albuminuria and myasthenia, fre-
guently encountered in adults, were
observed during the study period.
There were no significant differences
in treated and control groups with
respect to initial weight loss and sub-
sequent weight gain, or weight gain
and head circumference correspond-
ing to the six-month adjusted age.
In summary, our results suggest
that ROP could effectively be pre-
vented with DPA in very low-birth-
weight-infants, and that the drug has
no serious adverse effects during the
neonatal period. It would be desir-
able to conduct further collaborative
studies by several investigators to
recruit large numbers of patients in
order to therapeutic effectiveness.
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Addendum

After completion of this manuscript a
new case of RLF was diagnosed at our
Follow-up Clinic. This infant of 28 weeks
gestational age had a birthweight of 850 g.
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She was born after termination of the trial
and so was not enrolled in the study. DPA
was administered daily until the 7th day
when it had to be withdrawn owing to
haematuria which developed in association
with sepsis and DIC. She received an ex-
change transfusion and subsequently RBTs
3 times. At the age of 12 weeks routine
ophthalmological examination revealed no
change in the eyes. She had then a weight
of 1600 g and was returned to the county
hospital from where she had initially been
referred to us. We lost sight of her until
her first visit to our Follow-up Clinic at
the age of 6 months. The ophthalmologist
diagnosed a severe cicatricial phase of
ROP in both eyes.

R eferences

[N

. Akoson N, Hatlen P: Retrolental fi-
broplasia is increasing in California.
Pediatrics 69: 388, 1984

2. An international classification of reti-
nopathy of prematurity. Arch Ophthal-
mol 102: 1130, 1984.

3. Aranda JV, Saheb H, Stern L, Avery
ME: Arterial oxygen tensions and reti-
nal vasoconstriction in newborn in-
fants. Am J Dis Child 122: 189, 1971.

4. Bard H, Cornet A, Orquin J, Doray
BH: Retrolental fibroplasia and ex-
change transfusions. Pediatr Res 9:
362, 1975.

5. Bossi E, Koorner F: Retinopathia
praematurorum (retrolentale Fibropla-
sie): alte und neue Fakten. Helv Pae-
diatr Acta 37: 413, 1982.

6. Brancato LJ, Lukac J, Pilkerton AR,
Rao HA: Effect of D-penicillamine on
solubility of vitreous collagen. AVRD
Abstracts. Supplement to Invest Oph-
thalmol Vis Sei (C.V. Mosbhy, St. Louis
1980) pp. 46

7. Brodersen R, Lakatos L, Karmazsin
L: D-penicillamine, a non-bilirubin-dis-
placing drug in neonatal jaundice. Acta
Paediatr Scand 69: 31, 1980.

8. Caldwell EJ, Bland JH: The effect of
penicillamine on the rabbit lung. Am
Rev Resp Dis 105: 75, 1972.

9. Campbell PB, Bull MJ, Ellis FD, Bry-
son CQ, Lemons JA, Schreiner LS:
Incidence of retinopathy of prematur-
ity in a tertiary newborn intensive
care unit. Arch Ophthalmol 101: 1686,
1983.

10. Clark C, Gibbs JAH, Maniello R, Outer-

bridge EW, Aranda JV: Blood trans-

fusion: A possible risk factor in retro-
lental fibroplasia. Acta Paediatr Scand

70: 535, 1981.



11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

L Lakatos et al: Retinopathy of prematurity

. Dubowitz L, Dubowitz V, Goldber C.:
Clinical assessment of gestational age
in the newborn infant. J Pediatr 77:
1, 1970.

Duc G: Oxygénothérapie optimale du
nouveau-né. Arch Fr Pédiatr 41: 359,
1984.

Feinstein AR: Clinical biostatistics.
XXXIV. The other side of “statistical
significance”: alpha, beta, delta and

the calculation of sample size. Clin
Pharmacol Ther 18: 491, 1976.
Finer NN, Schindler RF, Grant G,

Hill GB, Peters KL: Effect of intra-
muscular vitamin E on frequency and
severity of retrolental fibroplasia. Lan-
cet 1; 1087, 1982.

Flower RW, Blake DA: Retrolental
fibroplasia: Evidence for a role of the
prostaglandin cascade in the pathogen-
esis of oxygen-induced retinopathy in
the newborn beagle. Pediatr Res 15:
1293, 1981.

Gunn TR, Easdown J, Outerbridge
EW, Aranda JV : Risk factors in retro-
lental fibroplasia. Pediatrics 65: 1096,
1980.

Hill HFH: Penicillamine in rheumatoid
arthritis: adverse effects. Scand J
Rheumatol 28 Suppl: 94, 1979.
Hittner HM, Godio LB, Rudolph AJ:
Retrolental fibroplasia: Efficacy of
vitamin E in a double-blind clinical
study of preterm infants. N Engl J
Med 305: 1367, 1981.

Hittner HM, Speer ME, Rudolph AAJ,
Blifeld C, Chaddi P, Holbin MEB,
Godio LB, Kretzer FL: Retrolental
fibroplasia and vitamin E in the pre-
term infant — comparison oforal versus
intramuscular: oral administration. Pe-
diatrics 73: 238, 1984.

James LS, Lansman JT (eds): History
of Oxygen and Retrolental Fibroplasia.
Pediatrics 57 Suppl: 591, 1976.
Johnson L: Retrolental fibroplasia:
A new look at an unsolved problem.
Hosp Pract 21: 109, 1981.

Johnson L, Schaffer D, Boggs TR: The
premature infant, vitamin E deficiency
and retrolental fibroplasia. Am J Clin
Nutr 27: 1158, 1974.

Kisney VE, Arnold HJ, Kalina RE,
Stern L, Stahlinan M, Odell G, Driscall
JM, Eliott JH, Payne J, Patz A:
Pa02levels and retrolental fibroplasia:
a report of the cooperative study. Pe-
diatrics 60: 655, 1977.

Lakatos L, Hatvani |: Penicillamine,
vitreous proliferation and retinopathy
of prematurity. Am J Ophthalmol 93:
662, 1982.

Lakatos L, Hatvani |, Oroszlan Gy,

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

55

Karmazsin L, Vekerdy Zs: Clinical ob-
servations in the prevention ofretrolen-
tal fibroplasia with D-penicillamine. In:
Stern L (ed) Physiologic Foundations of
Perinatal Care. Praeger Publishers,
New York 1985. pp. 293— 304.

Lakatos L, Hatvani I, Oroszlan Gy,
Karmazsin L: Prevention of retrolen-
tal fibroplasia in very low birth weight

infants by D-penicillamine. Eur J
Pediatr 138: 199, 1982.

Lakatos I, Hatvani I, Oroszlan Gy,
Vekerdy Zs: D-penicillamine therapy

in ABO hemolytic disease of the new-
born infant. Eur J Pediatr 125: 133,
1976.

Lakatos L, Kévér B, Péter F: D-peni-
cillamine therapy of neonatal hyper-
bilirubinaemia. Acta Paediatr Acad
Soi Hung 15: 77, 1974.

Lakatos L, Oroszlan Gy, Dézsi Z, Hat-
vani |, Karmazsin L: Age-related dif-
ference in radioprotective effect of
D-penicillamine. Develop Pharmacol
Ther 5: 120, 1982.

Lucey JF: Retrolental fibroplasia may
not be preventable. J Roy Soc Med
75: 496, 1982.

Lucey JF, Dangman B: A reexamina-
tion of the role of oxygen in retrolental
fibroplasia. Pediatrics 73: 82, 1984.
Matkovics B, Lakatos L, Szab6 L,
Karmazsin L: Effects of D-penicilla-
mine on some oxidative enzymes of
rat organs in vivo. Experientia 37: 79,
1981.

Oroszlan Gy, Lakatos L, Karmazsin
L: Neonatal oxygen toxicity and its
prevention: D-penicillamine offers bene-
fits without harmful side-effects. Acta
Paediatr Acad Sei Hung 22, 459, 1982.
Oroszlan Gy, Lakatos L, Szab6 L,
Karmazsin L: Heme oxygenase activ-
ity is decreased by D-penicillamine in
neonates. Experientia 39, 888, 1983.
Patz A: Current status ofrole of oxygen
in retrolental fibroplasia. Invest Oph-
thalmol 15: 337, 1976.

Patz A: The new international classifi-
cation of retinopathy of prematurity.
Arch Ophthalmol 102: 1129, 1984.
Penicillamine: Recent work. Postgrad
Med J 50 Suppl: 1, 1974.

Phelps DL: Retinopathy of prematur-
ity: An estimate of vision loss in the
United States — 1979. Pediatrics 67:
924, 1981.

Phelps DL: Vitamin E and retrolental
fibroplasia in 1982. Pediatrics 70: 420,
1982.

Phelps DL: Neonatal oxygen toxicity:
Is it preventable? Pediatr Clin North
Am 29: 1233, 1982.

Acta Paediatrica Uungarica 27, 1286



56

41.

42.

43.

44.

45.

46.

47.

48.

L Lakatos et al: Retinopathy of prematurity

Phelps DL: Penicillamine, vitreous
proliferation and retinopathy of pre-
maturity. Am J Ophthalmol 94: 688,
1982.

Porat R: Care of infant with retino-
pathy of prematurity. Clin Perinat
11: 123, 1984.

Port CD, Ward WF: The ultrastructure
of radiation injury in rat lung: modifi-
cation by D-penicillamine. Radiat Res
92: 61, 1982.

Reese AB, King MJ, Owens WC: A
classification of retrolental fibroplasia.
Am J Ophthalmol 36: 1333, 1953.
Saugstad OD, Hallman M, Abraham
JL, Epstein B, Cochrane C, Gluck L:
Hypoxanthine and oxygen induced
lung injury: a possible basic mechanism
of tissue damage? Pediatr Res 18: 501,
1984.

Shohat M, Reisner SH, Krikler R,
Nissenkorn LChB, Yasser Y, Ben-
Sira |: Retinopathy of prematurity:
incidence and risk factors. Pediatrics
72: 159, 1983.

Silverman WA: Retrolental Fibro-
plasia: A Modern Parable. Grune &

Stratton, New York 1980.
Sinclair JC, Torrance GW, Boyle Mil,
Horwood SI°, Saigal S, Sackott DL:

48.

50.

51.

52.

53.

54.

Evaluation of neonatal-intensive care
programs. N EnglJ Med 306: 489, 1981.
Sniderman SH, Riedel PA, Bert MD:
Influence of transcutaneous oxygen
(TcPO 2 monitoring and other factors on
incidence of retrolental fibroplasia.
Clin Res 30: 148A, 1982.

Stahlman MT: Newborn intensive care:
success or failure? Pediatrics 105: 162,
1984.

Staite ND, Zoschke DC, Messner RP:
Scavenging of hydrogen peroxide — a
new mechanism of action for D-peni-
cillamine in rheumatoid arthritis? N
Engl J Med 311: 538, 1984.

Stern L: Oxygen toxicity in premature
infants. Albrecht Von Graefes Arch
Klin Exp Ophthalmol 195: 71, 1975.
Terry TL: Extreme prematurity and
fibroblastic overgrowth of persistent
vascular sheath behind each crystalline
lens. Am J Ophthalmol 25: 203, 1942.
Weiss RF, Belkin M: The effect of D-
penicillamine on posttraumatic vit-
reous proliferation. AmJ Ophthalmol
92: 625, 1981.

.Yu UYH, Hookham DM, Nave JRM:

Retrolental fibroplasia: controlled study
of 4 years’experience in neonatal inten-
sive care unit. Arch Dis Child 57: 247,
1982.

Received 15February 1983

L Lakatos MD
POB 32
4012 Debrecen, Hungary

Acta Pacdiatrica Hunyarica 27, 1986



	1. szám
	L. Lakatos-I. Hatvani-G. Oroszlán-G. Balla-L. Karmazsin-O. Alaka-R. Kincses-I. Szabó-L. Lakatos: Controlled tiral of D-penicillamine to prevent retionopathy of prematurity

	Oldalszámok������������������
	47���������
	48���������
	49���������
	50���������
	51���������
	52���������
	53���������
	54���������
	55���������
	56���������


