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Clinical factors associated with retinopathy
of prematurity
A PRENDIVILLE AND W E SCHULENBURG

Royal Postgraduate Medical School, Hammersmith Hospital, London

SUMMARY In the period from September 1983 until June 1986 a prospective study was carried
out to determine the incidence and severity of retinopathy of prematurity in inborn infants of less
than 1500 g at birth and the risk factors associated with the development of retinopathy of
prematurity in infants of less than 31 weeks' gestation. One hundred and forty four infants were
eligible for inclusion in the study. Altogether 140 infants of less than 1500 g birth weight were
examined, 42 (30%) of whom developed retinopathy of prematurity. Fifteen of these infants had
progression to advanced disease (stage III or stage IV).
One hundred and seventeen of the infants were of less than 31 weeks' gestation and 34 (29%)

of them developed retinopathy of prematurity. Thirty four risk factors shown previously to be
associated with the development of the disease were collected prospectively and analysed using
multiple logistic regression analysis to determine the independently significant variables. Three
risk factors: acidosis, the number of times that the pH was <7-2; hyperoxia, the number of times
that arterial oxygen tension was greater than 12 kPa; and gestational age were found to be
independently associated with the development of retinopathy of prematurity in these infants.
These findings suggest that acidosis may be an important aetiological factor in the pathogenesis of
this disease.

There is a considerable variation in the reported
incidence of retinopathy of prematurity1-6 and the
association of risk factors with its development.7-25
The most important factor contributing to this
variability is likely to be differences in ophthalmic
practice in infants in different centres. Thus the
selection of infants for examination, the timing of
the first retinal examination, and the frequency of
follow up examinations will each affect the apparent
incidence of the disease. Furthermore the inclusion
of retrospective data, and the methods used for
statistical treatment of these data may also have
important effects. Lastly, differing survival rates of
extremely low birthweight infants would be ex-
pected to have a profound effect on the observed
incidence of retinopathy of prematurity.
The present study was designed to determine the

incidence and severity of retinopathy of prematurity
in all infants born at less than 31 weeks' gestation or
less than 1500 g birth weight and to investigate the
association between a range of clinical features and
the development of retinopathy of prematurity.
Only infants born at the Hammersmith Hospital
were included in the study so that risk factors were

recorded prospectively by a single observer over a
continuous 31 month period and non-uniformity in
neonatal care was minimised. Infants were ex-
amined early and frequently until term. In all infants
less than 31 weeks' gestation, 34 risk factors were
recorded prospectively and subjected to multiple
logistic regression analysis in order to determine
which variables were independently associated with
the development and progression of retinopathy of
maturity in these infants.

Methods

During the period December 1983 to June 1986, 144
infants of less than 31 weeks' gestation or of less
than 1500 g were born at Hammersmith Hospital
and survived until at least 2-3 weeks of age.
Altogether 140 infants were of less than 1500 g birth
weight and 117 infants were less than 31 weeks'
gestational age. Ophthalmic examination was first
performed at 2-3 weeks of age and at weekly
intervals thereafter until discharge from the neo-
natal unit. A final examination was required at
about term. Ventilator or incubator care did not
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preclude examination, which was performed by
indirect ophthalmoscopy with a 28 dioptre lens
through dilated pupils. Mydriasis was achieved by
the application of phenylephrine 2-5% and cyclo-
pentolate 1% eyedrops at one hour and 30 minutes
before the procedure. Scleral indentation was only
used in selected cases. Neither the ophthalmologist
performing the retinal examinations nor the re-
search fellow were involved in the clinical care of the
infants. Retinal changes were recorded in accord-
ance with the International Classification Scheme,26
determining the extent of the developing vascula-
ture affected-that is, stage I: the presence of a

demarcation line; stage II: ridge formation; stage
III: the presence of a ridge with extraretinal fibro-
vascular proliferation; stage IV: retinal detachment
and the disease location on the retina zones I-III,
zone I being the innermost zone with its centre at
the optic disc. The stages (I-IV) and retinal location
zones (1-111) were recorded separately for each eye
at every examination. Retinal changes before the

development of the demarcation line were docu-
mented but not classified as retinopathy of pre-
maturity. Infants were not discharged until the
retinal changes had entered the regression phase in
order that the end stage of the disease was known in
each case.

Thirty four variables considered to be possible
risk factors were recorded prospectively in infants
born at less than 31 weeks' gestation by a paediatric
research fellow attached to the neonatal unit. These
variables are summarised in tables 1 and 2. As
certain monitoring and diagnostic procedures are
likely to vary between hospitals our methods for
assessing those variables where there is no agreed
standard are described.

INTRAVENTRICULAR HAEMORRHAGE
All infants had cranial ultrasound scans (ATL Mark
III mech sector scanner) performed daily in the first
week of life and twice weekly thereafter until
discharge from the neonatal unit. Intraventricular

Table 1 Clinical features that differed significantly between infants with and without retinopathy ofprematurity (median
values or percentage of total)

Feature infants with Infants without p Value
retinopathy of retinopathy of
prematurity prematurity
(n=34) (n=83)

Birth weight (g) 870 1080 <0-002
Gestational age (weeks) 27 29 <0-00001
No (%) with intraventricular haemorrhage

Grade 1 7 (21) 9 (11) <0.01
Grade 2 17 (50) 16 (19)
Grade 3 3 (9) 4 (5)

No having top up transfusion 6 1 <0-0001
No having exchange transfusion 0 0 <0 05
No (%) with sepsis

Suspected 9 (26) 43 (52) <0-01
Confirmed 21(62) 15 (18)

Duration of ventilation (days) 1(0 1 <0-00001
Duration of oxygen treatment (days) 49 4 <0-00001
No of episodes P02 >12 kPa 13 2 <0-00001
Duration of P02 >12 kPa (hours) 9 7 <0-00001
No of episodes PCO2 >8 kPa 12 0 <0-00001
Duration of PCO2 >8 kPa (hours) 56 0 <0-0001
No (%) with patent ductus arterious (treatment required) <0-001

Fluid restriction 8 (24) 5 (6)
Indomethacin 14 (41) 21 (25)
Surgery 1 (3) 0

No of episodes P02 <5-3 kPa 2 0 <0 005
Duration of P02 <5-3 kPa (hours) 9-4 0 <0-002
No of episodes PCO2 <3 kPa 1 0 <0-05
No of episodes pH <7-2 11 0 <0-00001
Duration of pH <7-2 (hours) 24 0 <0-00001
No of episodes pH <7-1 0 1 <0-05
Duration of pH <7-1 (hours) 0-75 0 <0 05
Duration of parenteral nutrition (days) 19 5 <0-00001
No (%) with apnoea (treatment required) <0 005

Spontaneously reverting 10 (30) 34 (41)
Stimulation only 13 (38) 21 (25)
Bagging with 40-100% FiO2 11 (32) 5 (6)
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524 Prendiville and Schulenburg

Table 2 Risk factors that did not differ significantly
between infants with and without retinopathy ofprematurity

Factor ScorelRange

Fetal growth retardation
Maternal pre-eclampsia
Maternal diabetes
Maternal smoking
Antepartum haemorrhage
Ruptured membranes

>24 hours
+Amnionitis

Apgar score (at 5 minutes)
Small for gestational age

Weight <10th centile
Occipito-frontal circumference <10th

centile
Ventricular dilatation
No of days parenteral nutrition
Pneumothorax
PCO2 <3-3 kPa (hours)
PCO2 >8 kPa+PO2 >12 kPa (episodes)

0-1
0-1
0-1
0-1
0-1
0-2
1
2
0-10
0-2
1

2
0-1
0-100

intervals between the abnormal samples and the
previous samples for either pH or PaCO2.

APNOEA
Apnoea was defined as a cessation of respiration
for >20 seconds and was scored 1-4. A score of 1
was allocated if the apnoeic episodes were spon-
taneously reverting, 2 if stimulation was required, 3
if bagging with 40-100% oxygen was required, and 4
if ventilation was required for reversion.

SEPSIS
Sepsis was suspected and a score of 1 allocated if an
infant had an abnormal immature to total white cell
ratio and was neutropenic or neutrophilic with (a)
an unstable temperature, (b) frequent bradycardias,
or (c) poor peripheral perfusion. A score of 2 was
only allocated if these criteria were met in the
presence of a positive bacterial culture.

haemorrhage was graded I to III in accordance with
the classification of Levene et al.29

PATENT DUCTUS ARTERIOSUS
The presence of appreciable patent ductus arteri-
osus was determined on clinical grounds with or

without the help of cardiac ultrasonography if an

infant had bounding pulses and the appropriate
murmur with or without cardiac failure. Patent
ductus arteriosus was graded 0-3 as follows. (1) The
duct closed spontaneously with or without fluid
restriction. (2) The duct closed only after in-
domethacin treatment. (3) Surgical closure was

necessary.

OXYGEN MONITORING
All infants receiving supplemented oxygen treat-
ment had continuous monitoring either of arterial
oxygen tension by means of an umbilical artery
oxygen electrode (Biomedical Sensors) or via a

transcutaneous electrode (Radiometer TCM1); this
was calibrated regularly by arterial blood gas
sampling. Thus the number and duration of episodes
during which the PtCO2 or PaO2 was greater than 12
kPa or less than 5-3 kPa was determined.

CARBON DIOXIDE (PAC02) AND PH MONITORING

The number of episodes during which the PaCO2
was greater than 8 kPa or less than 3-3 kPa or the pH
was less than 7-2 or less than 7-10 was determined
from intermittent arterial blood gas sampling. Be-
cause the sicker babies were likely to have more

frequent blood gas sampling an estimated maximum
time during which infants were acidotic or hypercar-
bic, or both, was calculated as the sum of the

RISK FACTOR EXPOSURE
Risk factor exposure during the period from birth
until the appearance of a demarcation line (stage I)
in those infants developing retinopathy of prematur-
ity was compared with exposure to the same factors
in unaffected infants in the period from birth until
before their discharge from the neonatal unit. In
addition those infants who developed only stage I or
stage II retinopathy of prematurity were compared
with those who progressed to developed advanced
disease (stage III and IV). In order to identify risk
factors that could be associated with progression
from mild (stage I and II) to severe (stage III and
IV) disease, risk factors were compared both in the
period up till the appearance of a demarcation line
and again from this point until regression or
progression to stage III or IV was observed.

ANALYSIS
Statistical analysis was achieved by means of the x2
or unpaired Student's t test to determine the depen-
dent variables associated with the development of
retinopathy of prematurity. Stepwise logistic regres-
sion analysis was used to determine the independent
variables associated with the development of retino-
pathy of prematurity and its progression to ad-
vanced disease (stage III-IV).

Results

Retinopathy of prematurity was observed in 34 out
of 117 (29%) infants born at less than 31 weeks'
gestation (mean (SD) gestational age 28 (1-5)
weeks), and in 42 out of 140 (30%/) infants of
birthweight less than 1500 g (mean (SD) birth
weight 1100 (240) g).
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Table 3 No of infants with different stages of acute retinopathy of prematurity in relation to birth weight

Birth weight (g) Without retinopathy Stage I Stage II Stage III Stage IV
of prematurity

500-750 2 2 3
751-1000 27 7 10 5 2
1001-1250 42 2 4 1 1
1251-1500 27 1 1 3

Total 98 10 17 9 6

The patients were classified according to the most advanced end stage in either eye.

The mean (SD) age at diagnosis was 7-4 (3)
weeks, the mean (SD) postconceptual age at diag-
nosis was 34*8 (2.7) weeks. All new cases were
diagnosed between 30 and 40 weeks' postconceptual
age. Of the 42 low birthweight infants developing
retinopathy of prematurity 30 had a normal retinal
examination when first seen. The age at diagnosis
seemed to be later in the less mature infants but
there was no significant correlation between age at
diagnosis and postconceptual age.
The severity of the retinopathy was inversely

proportional to both birth weight and gestational
age (tables 3-6). In no case was unilateral retinal
disease observed, but in seven cases asymmetrical
disease was seen. Four of the seven progressed to
stage IV in one eye and stage III in the second eye,
in three of these infants non-progression to stage IV
may have been influenced by cryosurgical interven-
tion. Two infants had stage III retinopathy of

Table 4 No of infants with different zonal disease of
retinopathy of prematurity in relation to birth weight

Birth weight Without Zone III Zone HI Zone I
(g) retinopathy

of prematurity

500-750 2 2 1 2
751-1000 27 7 17
1001-1250 42 4 4
1250-1500 27 2 3

Total 98 15 25 2

prematurity in one eye and stage II in the second,
while a single infant had stage II disease in one eye
and stage I in the second.

All but two infants had a similar zonal distribution
in the two eyes; these two infants had zone III
disease in one eye and zone II disease in the second.
Two infants had retinal detachments in both eyes

(one zone I and one zone II), and four infants had
unilateral retinal detachments. Bilateral blindness
resulted in two cases and unilateral blindness in
another three. The sixth infant developed a unilat-
eral retinal detachment, but this did not affect the
macula and visual development during the first two
years of life was normal.

Regression of retinopathy of prematurity was

observed in all cases. Infants with stage I and II

disease showed complete regression, while those
with more advanced retinal changes were left with
variable degrees of residual scarring.

For 22 of the 34 clinical variables analysed there
was a significant difference between these infants
who did and those who did not develop retinopathy
of prematurity on x2 or unpaired t testing (table 1).
With stepwise logistic regression analysis, however,
only three variables were found to be independently
associated with the development of retinopathy of
prematurity. These were (a) acidosis-that is, the
number of episodes that the pH <7-2 (p<O0OO1); (b)
gestational age (p<005); and (c) the number of
episodes when PaO2 >12 kPa (p<005).

Similarly, acidosis (p<O0OO1), PaO2 >12 kPa
(p<O0OO1) and the occurrence of pneumothorax

Table 5 No of infants with different stages of acute retinopathy of prematurity in relation to gestational age

Gestational age Without retinopathy Stage I Stage II Stage III Stage IV
(weeks) of prematurity

24-26 3 4 3 4 2
27-28 37 3 10 3 2
29-30 43 2 1

Total 83 9 14 7 4

The patients were classified according to the most advanced end stage in either eye.
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Table 6 No of infants with different zonal disease of
retinopathy of prematurity in relation to gestational age

Gestational Without Zone III Zone 11 Zone I
age (weeks) retinopathy

of prematurity

24-26 3 4 8 1
27-28 37 6 12 0
29-30 43 2 1 0

Total 83 12 21 1

(p<005) in the period before the appearance of a

demarcation line were all independently signifi-
cantly associated with the development of advanced
disease (stage III and IV). By contrast after the
appearance of a demarcation line, there was no

difference in exposure to any of the 34 risk factors
between those infants with mild (stage I and II)
disease and those with advanced (stage III and IV)
disease.

Discussion

Estimates of the incidence of retinopathy of
prematurityl-7 range from 3-5%6 to 39% .7 In the
present study the observed incidence of the disease
in infants less than 1500 g birth weight of 30% is in
agreement with most previous studies. It is unlikely
that the disparity in reported incidence from dif-
ferent units reflects a true population difference, but
is instead likely to be influenced by a number of
methodological factors. As both the mortality rate
and the incidence of retinopathy of prematurity
increase with decreasing gestational age it is impor-
tant to know both the survival rate and the propor-
tion of extremely low birthweight infants making up
the study population in order to compare studies
from different units. The survival rate of 85% of all
infants of less than 1500 g birth weight within the
study period in this unit is higher than that reported
in previous studies by Kalina and Karr (59%),4
Cambell et al (69%),' Gunn et al (60-5%),3 and Yu
et al (72%).6 Altogether 41% of the infants in this
study were of less than 1000 g birth weight; this
comprises a considerably higher percentage of
extremely low birthweight infants than in previous
studies.2 5 The survival rate for these extremely low
birthweight infants of 65% is also higher than
survival rates reported previously.2 5
The apparent incidence will also be influenced by

the protocol used for retinal examination. In the
present study, all infants fulfilling the predeter-
mined criteria for inclusion in the study were

examined in identical manner. If infants had been
preselected and only those determined to be at risk
of developing retinopathy of prematurity due to, for

instance, oxygen exposure had been examined, or if
a large proportion of the infants had been trans-
ferred out of the neonatal unit before examination
(thus excluding a proportion of the larger babies
with fewer neonatal complications) then it is poss-
ible that the apparent incidence would have been
higher than the true incidence. Flynn has reported a
similar incidence as ourselves yet only 57% of
infants of birth weight less than 1500 g who survived
were examined.2 The timing of the first eye exam-
ination and the frequency of subsequent examina-
tions may also be important. Thirty of the 42 infants
who developed retinopathy of prematurity in this
study did not have retinal changes on initial exam-
ination, and there was also a trend for the less
mature infants to develop the disease later. By
performing the first examination at 2-3 weeks of
age, and then at weekly intervals thereafter until
discharge, and finally at about term, it is unlikely
that cases were missed. All cases were diagnosed at
between 30 and 40 weeks' postconceptual age; this
has been found by previous workers.2 27
A great many risk factors have previously been

associated with the development of retinopathy of
prematurity. They include oxygen toxicity, 14
vitamin E deficiency," complications during preg-

t)13 6
nancy, 13 exchange and top up transfusions,
intraventricular haemorrhage,17 light exposure,7
gestational age, apnoea, septicaemia,3 birth weight,
indomethacin treatment,'5 18 21) hypercarbia,5 hypo-
carbia,5 and prolonged parenteral nutrition.5 Many
of these data were collected retrospectively, how-
ever, leading to uncontrollable bias in the study
populations. By prospectively recording the risk
factor data in a double blind fashion, so that the
examiner was not aware of the history of risk factor
exposure in the infant being examined on each
occasion, observer bias in the present study has been
minimised.
Over 50% of the risk factors analysed were found

to be significantly associated with the development
of retinopathy of prematurity when subjected to
unpaired t or x2 testing (table 1). Only three
factors-acidosis, hyperoxia, and gestational age-
were independently associated with the develop-
ment of retinopathy of prematurity, however, when
subjected to stepwise logistic regression analysis.

Similarly the development of more severe retino-
pathy of prematurity (stages III and IV) was
independently associated with acidosis, hyperoxia,
and pneumothorax. Risk factor exposure after the
first appearance of the disease did not seem to
further influence the progression of the disease to
more advanced stages. Thus progression to ad-
vanced disease seems to be determined by the
severity of the early insult to the immature retina

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.63.5.522 on 1 M

ay 1988. D
ow

nloaded from
 

http://adc.bmj.com/


Clinical factors associated with retinopathy of prematurity 527

and less influenced by prolonged or subsequent
insults.
While we can conclude from this study that levels

of PaO2 of greater than 12 kPa and pH less than 7-2
are associated with a significantly increased risk of
developing retinopathy of prematurity, it is not
possible from these data to extrapolate in order to
identify values of P02 and pH which are 'safe' in
these infants. It was also not possible to determine
whether a metabolic acidosis alone was significantly
associated with the development of retinopathy of
prematurity, as acidosis in most infants was either
respiratory or of the mixed respiratory and meta-
bolic variety.
The mechanisms by which acidosis and hyperoxia

might affect the immature retina leading to retino-
pathy of prematurity remain speculative. Acidosis is
a powerful vasodilator stimulus, and its role in
cerebral blood flow regulation is well described.28 It
has also been shown to be associated with the
development of intraventricular haemorrhage29 30
but its role in the regulation of retinal blood flow is
not established. Acidosis, however, remains the
variable most significantly associated with the
disease.9

In the eight month period since the completion of
this study careful attention has been applied to the
early correction of acidosis (pH <7-25) in these very
low birthweight infants with the result that not a
single case of advanced disease has been seen in this
unit.

In order to quantify the reduction in exposure to
acidosis and hyperoxia since the completion of this
trial and to determine the importance of their
reduction in the prevention of progression to
advanced disease the collection of risk factor expo-
sure to these variables is still in progress.
We thank Mr V Aber for statistical analysis. Dr L de Vries who
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