
Archives of Disease in Childhood, 1982, 57, 247-252

Retrolental fibroplasia controlled study of 4 years'
experience in a neonatal intensive care unit
V Y H YU, D M HOOKHAM, AND J R M NAVE

Department ofPaediatrics, Queen Victoria Medical Centre, Melbourne, Australia

SUMMARY During the 4 years 1977-80, 14 infants developed retrolental fibroplasia (RLF) in the
neonatal unit at this medical centre. All were very low birthweight (VLBW) infants who weighed
1500 g or less at birth. The incidence of RLF was 3 * 5 % for all VLBW infants admitted for neonatal
intensive care and 4 7% for VLBW survivors. The mean birthweight of the affected infants was

970 (range 730-1310) g and mean gestational age 26 (range 24-29) weeks. Seven of the affected
infants (2-4% of VLBW survivors) had significant scarring with temporal dragging of the optic
disc and retinal detachment. Each of the 14 infants was matched with 2 control infants in order to
see whether any factors predisposing to the development of RLF, including those related to oxygen
therapy and monitoring, could be identified. The only factor associated with RLF was a higher
volume of blood given with replacement transfusions. The occurrence of RLF was unrelated to an

increase in requirement for or duration of oxygen therapy, arterial oxygen tensions as determined
by intermittent sampling, or the availability of transcutaneous oxygen monitoring. The care taken
in oxygen therapy may have been responsible for failure to show a quantitative association between
hyperoxaemia and RLF. Although the problem of oxygen therapy in preterm infants is far from
being resolved, current neonatal intensive care methods have limited the occurrence of RLF to
VLBW infants. This study demonstrated a lower incidence of RLF in VLBW infants despite an
improved survival rate compared with that previously reported.

The extensive literature on the history of oxygen
therapy and retrolental fibroplasia (RLF) which
dated back to the early 1940s has been reviewed by
the Committee on Fetus and Newborn of the
American Academy of Pediatrics, which also
established guidelines on oxygen use in the newborn
infant.1 Despite the most vigorous monitoring during
oxygen therapy, a recent study has shown a re-
surgence of RLF in very low birthweight (VLBW)
survivors.2 In the multi-centred co-operative study
of RLF conducted between 1969 and 1972, the
incidence of RLF was shown to be inversely corre-
lated with birthweight and gestational age and the
strongest association found, apart from birthweight,
was with duration of oxygen therapy.3 The problem
of oxygen therapy for preterm infants is far from
being resolved as the pathogenesis of RLF is still
imperfectly understood. This condition has been
reported to occur without oxygen administration,45
in term infants,6-8 in anencephalic infants at birth,9
and in a child with cyanotic heart disease.'0 Con-
versely, sustained hyperoxaemia in preterm infants
may not result in RLF." Additional factors which

have been suggested include iron and water-soluble
vitamins,'2 chronic hypoxia in-utero,'3 vitamin E
deficiency,'4 exchange or replacement transfusion
with blood containing adult haemoglobin,2515 and
treatment with indomethacin for patent ductus
arteriosus.'6 In the present study, details of infants
with RLF admitted to the neonatal unit at this
medical centre during a 4-year period are reported.
In order to obtain information about possible
predisposing factors, clinical data from the affected
infants and from a control group were compared.

Patients and methods

Ophthalmological examination. VLBW infants who
weighed 1500 g or less at birth, infants who required
assisted ventilation, and those who needed prolonged
oxygen therapy, especially for recurrent apnoea, had
routine ophthalmological examination. Indirect
ophthalmoscopy was performed by one of us
(JRMN) at approximately weekly intervals, after
oxygen therapy was stopped or within a fortnight
after birth if the infant was still on supplemental
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oxygen. For extremely preterm infants, examinations
were carried out from the time the tunica vasculosa
lentis began to clear. The pupils were maximally
dilated for these examinations. Any infant who
showed evidence of RLF had regular ophthalmo-
logical examinations as an outpatient after his
discharge from hospital. The classification used for
evolutionary lesions of RLF was Keith's modifica-
tion17 of Kingham's system.18 Cicatricial RLF
changes were graded by using Keith's classifica-
tion.17 A description of the eye changes for stages
of development and grades of resolution and scarring
is summarised in Table 1.

Neonatal care. Arterial oxygen pressure (Pao2)
measurements were made from blood samples taken
from indwelling umbilical artery catheters or by
percutaneous puncture of peripheral arteries. The
inspired oxygen concentration was regulated to pro-
duce a Pao2 in the range of 50-100 mmHg. Umbilical
artery catheters were left in situ for an average of
5 days followed by peripheral artery sampling and
transcutaneous oxygen monitoring which was often
continued for several weeks. Indications for assisted
ventilation and protocol for management of respira-
tory failure have been previously reported.19 Blood
transfusions were given in infants with cardio-
respiratory distress if haematocrit was <40%,
if systolic blood pressure was <40 mmHg, or
if >10% of the blood volume had been taken
for blood tests. Exchange transfusions were carried
out if the bilirubin concentration reached 200-300
,umol/l (11.7-17-5 mg/100 ml) depending on the
presence of risk factors for kernicterus. VLBW
infants received an oral daily supplement of 20 IU
vitamin E after full oral feeds had been established;

Table 1 Developing and cicatricial changes in
retrolental fibroplasiat 8

Stages of development
I Abnormal terminal branching of temporal vessels. Abrupt

margin between vascularised and non-vascularised retina
II Vessels dilated, some parallel to ora serrata. Distinct vascular

mesenchymal shunt parallel to ora temporally, forming slight
shelf

III Shunt forms distinct shelf into vitreous cavity with dilated
sinusoids on surface.Neovascularisation from posterior edge of
shelf. Haemorrhages

IV Retina detached from temporal arcades to ridge. Retinal vessels
leave retina and run straight to ridge

V Retina detached from disc to ora

Grades of resolution and scarring
I Normal or mild peripheral changes
II Slight dragging of temporal vessels. Heterotopia of macula.

Preretinal fibrosis. Myopia
III Dragged disc with fibrous tissue in temporal periphery
IV Retinal fold with fibrous tissue on posterior surface of lens
V Peripheral ring-shaped retinal detachment
VI Total funnel-Shaped retinal detachment

before this parenteral nutrition (which did not con-
tain vitamin E) was given.20 In addition, oral daily
supplements of Pentavite* 0 45 ml were given after
the establishment of full oral feeds and Fergont 1 ml
was started at 6 weeks after birth. Both RLF and
control groups therefore received the same supple-
ments. Details of supportive management for infants
admitted to the neonatal unit and treatment protocol
for patent ductus arteriosus, particularly regarding
treatment with indomethacin, have been previously
summarised.2' 22

Controls. For each RLF infant, 2 control infants
were chosen from the survivors, who were admitted
immediately before or after each RLF infant,
matched on the basis of a birthweight within 200 g
of that of the RLF infant, and the need for oxygen
therapy or assisted ventilation.

Collection of perinatal data was carried out
prospectively for all VLBW infants as part of the
growth and development follow-up programme.
This source of information was used for reviewing
factors which might have had an influence on the
development of RLF. Statistical analysis was with
the Student's t test and the x2 test.

Results

Incidence. During the 4-year period, January 1977 to
December 1980, 14 infants were diagnosed as having
RLF. The mean birthweight of the affected infants
was 970 (range 730-1310) g and mean gestational
age 26 (range 24-29) weeks. Of the 411 VLBW
infants seen at the medical centre during the same
period, 22 died in the delivery room and 14 were not
offered treatment because of major congenital mal-
formations evident at birth. The incidence of RLF
in the 375 VLBW infants admitted for neonatal
intensive care was therefore 3.5 %. Among the 297
VLBW survivors the incidence was 4 7%. The
incidence of RLF in infants weighing 501-1000 g
and 1001-1500 g and the occurrence of grades
I-VI RLF in the respective birthweight categories
are shown in Table 2. Seven of the 14 affected infants
(2*4% of VLBW survivors) had significant scarring
with temporal dragging of the optic disc and retinal
detachment (grades III-VI).

Progression of eye changes. The first visible sign of
developing RLF was detected at a mean age of 54
(range 33-75) days after birth. The abnormality
* Nicholas Pty Ltd, Melbourne, Australia. This contains
vitamin A 1620 IU, thiamine 0-54 mg, riboflavin 0-81 mg,
pyridoxine 0-13 mg, ascorbic acid 42-7 mg, vitamin D 405
IU, nicotinamide 7-11 mg, pantothenate 0.33 mg.
t Winthrop Laboratories, Melbourne, Australia. This con-
tains 6.6 mg of elemental iron.
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Table 2 Incidence and severity of retrolental fibroplasia
Birthweight Incidence in infants of very low birthweight Number of infants with grades Incidence in VLBW
(g) of resolution and scarring neonatal survivors

In those admitted for In survivors (all grades) --- (grades III- VI)
intensive care I II III IV V VI

501-1000 8/107 (7-5) 8/60 (13-3) 2 4 0 0 0 2 2/60 (3-3)
1001-1500 6/268 (2-2) 6/237 (2-5) 1 0 2 1 0 2 5/237 (2-1)

Total 14/375 (3.5) 14/297 (4-7) 3 4 2 1 0 4 7/297 (2-4)

Number with RLF/total number, percentages in parentheses.

reported when RLF was first noted corresponded
to stage I in 6 infants, stage II in 5 infants, and
stage III in 3 infants. The number of infants with
grades I-VI of resolution or scarring who had
evolutionary lesions corresponding to stages I-V
diagnosed are shown in Table 3. Three of the 4
infants who did not progress beyond stage II had
spontaneous regression leading to complete reso-

lution or only mild peripheral changes and myopia.
Two of the 6 infants who progressed to stage III
ended up in grade VI and blindness, one of whom
had this degree of severe change in one eye only.
One of the 2 infants with stage IV changes had
bilateral grade VI changes and the one infant who
progressed to stage V has a resultant grade VI
change. The remaining infant, who had grade IV
changes on follow-up examination, was hyper-
oxaemic on admission at age 6 hours, having been
ventilated in 100% oxygen for recurrent apnoea at
a community hospital. She was transferred back to
the referring hospital for convalescence at age 10
days when an ophthalmological examination showed
stage II changes. Subsequent progression of the
acute RLF changes was not monitored after transfer.
None of the infants had treatment for his RLF. The
3 infants with bilateral grade VI changes were all
born in the first 6 months of the study period.

Comparison with controls. The results of comparisons
between RLF infants and controls are given in
Tables 4 and 5. Although the incidence of multi-
plicity of birth, perinatal asphyxia, septicaemia,
treatment with indomethacin for patent ductus

Table 3 Ophthalmological outcome. (More severely
affected eye)
Stages ofdevelopment Number ofinfants with grades of
(n= 14) resolution andscarring

I II III IV V VI

I (n 2) 1 1 0 0 0 0
II (n=2) 0 1 1 0 0 0
III (n 6) 2 1 1 0 0 2
IV (n 2) 0 1 0 0 0 1
V (n=l) 0 0 0 0 0 1
Notknown (n= 1) 0 0 0 1 0 0

arteriosus, and bronchopulmonary dysplasia was
higher in RLF infants than controls, the differences
were not statistically significant.
The percentage distribution of exposure to dif-

ferent ranges of oxygen concentration was similar
in RLF infants and controls (Fig. 1). The duration

Table 4 Perinatal factors
RLF infants Controls P
(n=14) (n=28)

Birthweight (g, mean SEM) 970±50 1010±30 NS
Gestation (weeks, mean± SEM) 26±0*4 27±0*3 NS
Sexratio(M:F) 6:8 11:17 NS
Multiplicity of birth (n) 4(29) 4(14) NS
Apgar score < 3 at 5 min (n) 4(29) 3(12) NS
LowestpHinfirst4days 7-12+0-02 7-13+0-01 NS
(mean±SEM)

Lowest Pao2 in first 4 days 42±2-6 38+1*7 NS
(meaniSEM)

Number of infants
With septicaemia 3(21) 3(11) NS
With patent ductus arteriosus 12(86) 18(64) NS
On indomethacin treatment 8(57) 9(32) NS
With bronchopulmonary dysplasia 6(43) 4(14) NS

Percentages are given in parentheses.

Table 5 Factors associated with oxygen therapy
RLF infants Controls P
(n=14) (n=28)

Oxygen administration (days,
mean±SEM) 53±11 36±8 NS
22-29% 15±2 19±4 NS
30-59% 36±10 18±4 NS
60-89% 1-6±0-7 1-3±0-6 NS
90-100% 0-4±0-2 0-3±0-1 NS

Assisted ventilation (days,
mean±SEM) 30±6 17±4 NS

No ofPao2 readings (mean SEM)
In lstweek 36±4 36±3 NS
In 2nd week 18±4 11±2 NS
Total no 90±17 56±7 <0*05

No ofPao2 per day ofoxygen
therapy (mean± SENI) 2±0*3 3±0.3 NS
>80mmHg 21±4 15±2 NS
>l00mmHg 8±1 7±1 NS
>120mmHg 4±1 4±1 NS

Transcutaneous oxygen monitoring
(days, mean±SEM) 14±6 12±-4 NS

Exchange transfusion (n) 3(21 %) 6(21 %) NS
Number ofblood transfusions
(mean±SEM) 7±1*4 4±0*6 <0.05

Volume ofblood transfused
(mean±SEM) 115±29 67±9 <0-05
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Fig. 1 Percentage of infants with retrolental fibroplasia
and controls who were exposed to concentration of
oxygen equal to or exceeding the range shown on
abscissa.

of exposure to these ranges of oxygen concentration
was also not significantly different between the two
groups (Table 5) indicating that the average con-
centration of oxygen administered to RLF infants
and controls was comparable. No significant
difference was observed in the duration of assisted
ventilation between the two groups, although the
mean duration was longer for RLF infants.
An indication of the frequency with which Pao2

was measured is shown in Fig. 2, which is a plot of
the average number of Pao2 readings per day for
each RLF and control infant during the first 14 days
ofage. Although there was a slightly disproportionate
decrease in the number of Pao2 readings with
increasing age in both groups, the number of Pao2
readings in the second week was not significantly
different between either group (Table 5). RLF
infants had significantly more total Pao2 readings
during their period on oxygen therapy compared
with controls. The average number of Pao2 readings
per day of oxygen therapy was however not signi-
ficantly different. The duration of transcutaneous
oxygen monitoring received by infants in both
groups was also similar.
No significant differences were observed in the

number of Pao2 readings >80 mmHg, > 100 mmHg,
or >120 mmHg between the two groups (Table 5).
Values of all Pao2 readings were analysed separately
for RLF infants and controls with respect to the
percentage distribution of Pao2 levels that were
equal to or exceeding progressively higher increments
(Fig. 3). It is evident that at levels of Pao2 exceeding
60 mmHg, Pao2 values for RLF infants were slightly
lower than those of controls but the differences were
negligible.
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Fig. 2 Average number ofPao2 readings per day for
each infant with retrolentalfibroplasia and control infant
in the first 14 days of age.
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Both the amount of blood transfused and the
number of blood transfusions were significantly
associated with RLF (Table 5). The percentage of
RLF infants and controls who received exchange
transfusions was low and identical in both groups.

Discussion

General curtailment of oxygen therapy, beginning
in the mid 1950s, resulted in a decrease in incidence
of RLF but an increase in mortality due to hyaline
membrane disease,23 in incidence of cerebral palsy,24
and in number of deaths among preterm infants.2526
Subsequent advances in neonatal intensive care
methods and increased survival ofsmall and critically-
ill preterm infants appear to have led to a resurgence
of RLF.27 RLF occurred in 32 (37 %) of 86 survivors
under 1201 g birthweight in the 1969 to 1972 co-
operative study3 and in 27 (34%) of 80 survivors of
under 1501 g birthweight from a 1975 to 1976
cohort.2 The survival rate in the former study was
unknown and that for the latter study was 60.5%.
In a more recent study carried out in 1977 and 1978,
10 (12%) of 82 infants examined with birthweights
under 1601 g and 15 (11 %) of 134 infants examined
with birthweights under 1501 g from two separate
patient populations were reported to have RLF.17
However not all admissions in the respective birth-
weight categories were included in the study and the
survival rate of these VLBW populations was
unknown. Results of the present study, which
showed an incidence of 3.5% (14 of 375 infants) in
all theVLBW infants admitted for neonatal intensive
care or 4.7% (14 of the 297 infants) in the VLBW
survivors, are encouraging. This is particularly so
when considered in the light of improved survival
during the study period, when the overall VLBW
survival rate was 79.2%: 60 (56%) of 107 infants
501-1000 g birthweight and 237 (88 %) of 268 infants
1001-1500 g birthweight. Nevertheless, RLF con-
tinues to occur in the small preterm infant despite
careful attention to oxygen therapy and monitoring.
This is true even in the most advanced neonatal
intensive care units where the administration of
oxygen is strictly controlled by means of serial
measurement of arterial oxygen tension and con-
tinuous transcutaneous oxygen monitoring.
The classification for RLF suggested by Reese

et al.28 is no longer satisfactory for grading peripheral
changes as seen by indirect ophthalmoscopy and a
new scheme for acute RLF has been suggested by
Kingham.18 Keith's modification17 of the Kingham's
classification for the evolutionary lesions has been
found to be clinically useful in the management of
cases. The observed cicatricial changes do not easily
fall into the grades described by Reese et al.28 and
the suggested classification by Keith17 which was

used in this study conforms better to the findings of
Faris et al.29 Infants with minimal peripheral changes
(stages I and II) generally showed spontaneous
resolution to normal within 4 months as has been
found in previous studies.'7 8 When the disease
progressed to late stage III, resolution took longer
and did so in a less predictable manner. It is there-
fore incumbent on the ophthalmologist to watch
these infants closely until there are clear signs of
resolution or until the disease process is no longer
active.
The number of infants of multiple birth with RLF

in the present study, unlike those in an earlier co-
operative study30 but similar to those in the second
co-operative study,3 was not significantly higher
than that in the controls. This could be related to
the much lower frequency of severe cases of RLF or
to lack of sufficient numbers of infants of multiple
birth. No association was found in this study be-
tween RLF and several factors which reflect the
severity of neonatal illness-such as perinatal
asphyxia, acidosis, hypoxaemia, and septicaemia-
unlike the findings of an earlier study.2 RLF is a
vascular disorder of the developing retinal arteries
caused by vasoconstriction3 and the effect of treat-
ment with indomethacin for patent ductus arteriosus
on the retinal circulation of preterm infants is
unknown. Our data supported that of an earlier
study3' that indomethacin does not increase the risk
of RLF.
Although infants who developed RLF had a mean

duration of oxygen therapy and assisted ventilation
longer than that in controls, the differences were not
statistically significant in the present study. Lack of
a definitive relationship between Pao2 and RLF may
stem from the qualitative and quantitative limitations
of available data obtained from intermittent analyses
of Pao2 levels. Although the use of continuous
transcutaneous oxygen monitoring was promising as
a means ofestablishing better dose-time relationships
between Pao2 and RLF, the availability of only 4
such monitors in a neonatal unit in which at least
15 preterm infants could simultaneously be on
oxygen therapy, of whom up to 7 might require
assisted ventilation, has meant that such infants
received this form of monitoring only for inter-
mittent periods.
An association between RLF and the amount of

blood transfused was observed in this study. The
higher affinity of fetal haemoglobin for oxygen owing
to a quantitative reduction in the amount of 2,3-
diphosphoglycerate in fetal red blood cells tends to
protect against hyperoxaemia in requiring a higher
Pao2 before unloading at the tissue level occurs. The
replacement of fetal by adult haemoglobin as a
result of blood transfusions would decrease the
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haemoglobin-oxygen affinity and theoretically in-
crease the risk of RLF by facilitating tissue oxygen
toxicity at lower Pao2 levels. Conflicting reports
concerning the role of blood transfusions date back
to 1950.32 Although subsequent studies found no
association between transfusions and RLF,33-35
renewed interest in the possible role of replacement
or exchange transfusions in the pathogenesis of
RLF2 5 15 36 indicates that this factor deserves fuller
in-depth study.
Oxygen therapy for preterm infants remains a

balanced risk: death or brain damage from too little
oxygen or blindness from too much. With currently
available technology, even the most impeccable
monitoring of arterial oxygen tension with serial
samples complemented with transcutaneous oxygen
measurements does not guarantee against RLF. As
RLF continues to be an unavoidable risk of neonatal
intensive care, the need remains for vigilance on
oxygen therapy and associated risk factors in its
pathogenesis.
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