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SUMMARY

One hundred and thirteen consecutive infants with a
very low birthweight of less than 1500 g were followed
prospectively for 6 months to determine the incidence
of retinopathy of prematurity (ROP) and associated
risk factors. Of this group, 36 (31.9%) infants devel-
oped ROP (13 infants had stage 1 ROP, nine had stage
2, six had stage 3, six had stage 4, and two had cicatricial
stage ROP). Stepwise logistic regression analysis of
various potential risk factors (birthweight, gestation,
duration of oxygen therapy, duration of ventilation,
highest documented PaO, and exchange transfusion)
showed that only two risk factors were significantly
associated with the development of ROP. These risk
factors were: the duration of oxygen therapy
(p =0.0005) and exchange transfusion during the
neonatal period (odds ratio 5.754, 95% confidence
interval 1.002 to 32.997, p = 0.049). The equation of the
regression model is: log (odds of developing ROP)
= —0.8395 + 0.1447 (OXY) — 0.8750 (ET), where OXY
is the duration of oxygen therapy in days, ET = —1
when there was a history of exchange transfusion, and
ET = 1 when there was no history of exchange
transfusion.

Retinopathy of prematurity (ROP) is a vasopro-
liferative retinopathy which occurs primarily but not
exclusively in preterm babies with immature retinal
vasculature.! Numerous risk factors occurring during
the neonatal period have been implicated as being
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associated with the occurrence of this condition.
These include gestation less than 32 weeks, very low
birthweight (VLBW) (<1500 g), use of supplemental
oxygen, apnoea requiring face mask and bag
ventilation, duration of ventilation, repeated blood
transfusions, prolonged parenteral nutrition, hypox-
aemia, hypercarbia, hypocarbia, intraventricular
haemorrhage, sepsis and retinal illumination.'”** A
genetic basis for this condition has also been
suggested recently.?”

The incidence of ROP in VLBW infants in
Western countries has been reported to vary
between 34.9% and 60.1%.>'"> The incidence of
this condition has not been well studied amongst
Asian babies. In a survey of babies in the Midlands
of the United Kingdom, the incidence of ROP was
thought to be higher amongst Oriental babies®*, but
no detailed study has been performed on babies born
in Asia.

The objectives of this study were to determine the
incidence of ROP in a group of VLBW Malaysian
infants and the risk factors associated with this
condition.

PATIENTS AND METHODS

A prospective, observational cohort study was
carried out on consecutive VLBW infants (<1500 g)
born in Kuala Lumpur Maternity Hospital between 1
December 1989 and 31 December 1992 and admitted
to the neonatal intensive care unit (NICU) of the
same hospital, and who survived for at least 6
months. The gestational age was assessed by the
Ballard’s score.?*

All infants admitted to the NICU were observed
for development of respiratory distress syndrome
(RDS). Supplemental oxygen via a head box was
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given when there was evidence of hypoxia. The
inspired oxygen was supplied to maintain the infant’s
arterial oxygen tension (PaO,) between 7.0 and 10.0
kPa. During this study, most neonates were not
monitored with pulse oximeters because of shortage
of equipment. Oxygenation status was monitored by
intermittent arterial blood sampling. Endotracheal
intubation and intermittent positive pressure ventila-
tion were indicated when any of the following
conditions were present: severe respiratory distress
with a Silverman score of >6,>> hypoxia with PaO,
<7.0 kPa, hypercarbia with PaCO, >8.0 kPa, or
recurrent apnoea. The infants were weaned off
ventilatory support and supplemental oxygen as
soon as their clinical condition and blood gases
showed improvement. Surfactant therapy was not
available in Malaysia during the study period. The
infants were fed by intravenous drip until they were
stable enough to tolerate enteral feeds. Serum
bilirubin was monitored serially in patients who
were clinically jaundiced. Exchange blood transfu-
sion was carried out when the indirect serum
bilirubin exceeded 280 wmol/l or when there was
overwhelming septicaemia not responding to anti-
biotic treatment. Cranial ultrasound scanning was
carried out on each infant weekly until discharge to
look for periventricular and intraventricular haemor-
rhage. The infants were discharged from the nursery
when they had attained a body weight of 1750 g with
steady daily weight gain and tolerated oral feeding.

All VLBW infants who died before 6 months of
age (after correction for prematurity), or who had
major congenital malformations, were excluded from
the study.

At 4-6 weeks after birth, when the general
condition of the infant was satisfactory, an ophthal-
mological examination of the fundus was carried out
with the use of an indirect ophthalmoscope in the
NICU by one of three ophthalmologists (S.L.T.,
M.K.N. or M.K.A.). If the infants were discharged
before that age, the eye examination was then
carried out in the outpatient clinic. For the
ophthalmological examination, the eyes were
dilated with 0.5% cyclopentolate and 2.5% phenyl-
ephrine drops. ROP was classified according to the
International Classification of Retinopathy of
Prematurity”® The most advanced stage of ROP
detected in the infant was used for analysis.
Subsequent eye examinations were carried out
depending on the fundal findings until there was no
risk of developing severe ROP. When ROP was
detected, ophthalmological examination was
repeated weekly until vascularisation of the retina
was completed. Cryotherapy was advocated for
patients with stage 3 ROP.

A sample size of at least 81 infants was required
for this study in order to detect a 30% rate of
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occurrence of ROP with a relative precision of
+10% at the 95% confidence level. For univariate
comparison between infants with and without ROP,
the chi-squared test (or Fisher’s exact test if expected
cell values were less than 5) was used for categorical
variables and the two-sample Student’s r-test for
continuous variables. Stepwise logistic regression
analysis (using the SPSS/PC statistical package) was
employed to determine the significance of various
potential risk factors associated with ROP. A p value
of less than 0.05 was considered significant.

RESULTS

During the study period, 419 VLBW infants were
born in the hospital. Thirty-seven (8.8%) infants died
in the labour room within half an hour of birth and
52 (12.4%) were transferred elsewhere for intensive
care treatment because of shortage of infant
ventilators in the NICU. Of the remaining 330
infants admitted to the NICU, 155 (47%) died
before discharge from the hospital while the
remaining 175 (53%) were discharged alive. Two of
the 175 survivors had Down’s syndrome and were
subsequently excluded from our study.

Of the remaining 173 eligible infants, 113 (65.3%)
had an ophthalmological examination and were
followed up for the detection of ROP during the
first 6 months of life. ROP was detected in 31.9%
(36/113) of these infants. Of these 36 infants, 36.1%
(13/36) developed stage 1 ROP, 25% (9/36) stage 2,
16.7% (6/36) stage 3, 16.7% (6/36) stage 4 and 5.6%
(2/36) advanced to the circatricial stage. Cryotherapy
was not carried out on any infants with stage 3 ROP
because their parents either refused treatment or
absconded from follow-up.

Table I shows the relationship of basic character-
istics, perinatal and postnatal factors with ROP.
Univariate analysis shows that, when compared with
infants who did not develop ROP, infants with ROP
had significantly lower mean birthweight and mean
gestational age, but significantly higher mean
documented PaO,, longer mean duration of ventila-
tory support and oxygen therapy, and a significantly
higher incidence of exchange transfusion during the
neonatal period. Interestingly, there was no signifi-
cant difference between the different ethnic groups.

Stepwise logistic regression analysis of the various
potential risk factors (birthweight, gestation, dura-
tion of oxygen therapy, duration of ventilation,
highest documented PaO, and exchange transfu-
sion) was subsequently carried out. Two risk factors
were shown to be significantly associated with the
development of ROP (Table II). These risk factors
were: the duration of oxygen therapy and a history of
exchange transfusion during the neonatal period.
The risk of developing ROP was significantly higher
in infants who had exchange transfusion compared
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Table I. Relationship of basic characteristics, perinatal and postnatal factors with retinopathy of prematurity (ROP)

No ROP (n =177) ROP (n = 36) p value

Sex

Male 34 17

Female 43 19 0.918
Race

Malay 52 24

Others 25 12 0.901
Birthweight [(g), mean (SD)] 1279 (158) 1184 (174) 0.007
Gestation [weeks, mean (SD)] 32.1 (2.5) 30.6 (2.3) 0.008
Small-for-gestation age 43 20 1.000
Problems during pregnancy

Pre-eclampsia 27 7 0.142

Multiple pregnancy 12 S 0.962

Placenta praevia 3 1 1.000

Chorioamnionitis 2 4 0.080
Mode of delivery

SVD 39 23

Others 38 13 0.265
Apgar score [mean (SD)]

1 minute 7.1 (1.6) 6.8 (1.7) 0.342

5 minutes 8.5 (0.8) 8.1 (1.1) 0.119
Resuscitated at birth 50 21 0.080
Hypothermia 31 16 0.829
Respiratory distress syndrome 49 28 0.198
Septicaemia 29 20 0.113
Apnoea 13 8 0.674
Exchange transfusion 2 7 <0.001
Duration of ventilation [days, mean (SD)] 1225 32 (5.2) 0.038
Duration of oxygen therapy [days, mean (SD)] 3.6 (52 9.4 (7.8) 0.004
Peak PaCO, [kPa, mean (SD)] 4.64 (1.27) 5.45 (2.25) 0.112
Lowest pH [mean (SD)] 7.22 (0.28) 7.18 (0.20) 0.094
Lowest PaO, [kPa, mean (SD)] 11.5 (4.1) 10.9 (5.4) 0.191
Highest PaO, [kPa, mean (SD)] 22.6 (8.7) 26.4 (8.7) 0.046

with those who had not undergone the procedure
(odds ratio 5.754, 95% confidence interval 1.002 to
32.997, p = 0.0497). In this study, the indications for
exchange transfusion were severe unconjugated
hyperbilirubinaemia (n = 5) and septicaemia (n = 4).
The logistic regression analysis also showed that with
every additional day of supplemental oxygen therapy
during the neonatal period, the affected infant had a
1.156 times higher risk of developing ROP when
compared with infants who were exposed to 1 day
less of oxygen therapy (odds ratio 1.156, 95%
confidence interval 1.056 to 1.254, p =0.0005).
During this study, the mean duration of oxygen
therapy among the 36 infants with ROP was 9.4 days
(Table I) and the maximum duration was 30 days.
Using the results of estimated beta for the duration
of oxygen therapy derived from the logistic regres-
sion analysis, we calculated the probability of our
VLBW infants developing ROP following exposure
to different durations of oxygen therapy (Fig. 1). The

results show that as the duration of exposure to
oxygen therapy increased, the risk of developing of
ROP rose markedly. For example, infants exposed to
30 days of oxygen therapy had a greater than 90%
chance of developing ROP. For infants who had
exchange transfusion, even without exposure to
oxygen therapy, the risk of developing ROP was
more than 50%. When these infants were exposed to
oxygen therapy in addition to exchange transfusion,
the risk of developing ROP increased further.

DISCUSSION

The incidence of ROP in our study of 31.9% was
somewhat lower than that of other reported
studies.>?* However, these studies may not be
comparable due to the different standards of
neonatal care among the NICUs, the survival rates
of VLBW infants, frequency of eye examination, the
population under study (whether hospital-based or
community-based) and the method of study. In this

Table II. Logistic regression analysis of significant risk factors associated with the development of retinopathy of prematurity

Standard error of

95% confidence

Variables Estimated beta estimated beta Odds ratio interval for odds ratios
Duration of oxygen therapy 0.1447 0.0415 1.156 1.065 to  1.254
Exchange transfusion —0.8750 0.4458 5.754 1.002 to 32.997

The equation of the regression model is: log (odds of developing ROP) = —0.8395 + 0.1447 (OXY) —0.8750 (ET), where OXY is the
duration of oxygen therapy in days, ET = —1 when there was history of exchange transfusion, and ET = 1 when there was no histery of

exchange transfusion.
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Fig. 1. The probability of developing retinopathy of prematurity in relation to oxygen therapy and exchange transfusion.

study it was difficult to enforce uniform timing of the
eye examination due to various problems such as the
clinical condition of the infants while in hospital and
the follow-up of the infants after discharge. As the
mortality rate in our patients before discharge was
high, the actual incidence of ROP may be higher
than 31.9%. This may be one of the reasons why the
incidence of ROP in this study is lower than that of
other studies.>! > Unlike studies reported elsewhere,
lower birthweight, younger gestational age at birth
and the highest documented mean PaO, were not
significant risk factors associated with the develop-
ment of ROP in our patients.®!%131316 One possible
explanation for this discrepancy could be the
relatively small number of patients with ROP in
our study.

The results of our study confirmed, however, that
the duration of oxygen therapy is an important risk
factor associated with the development of ROP.’
Our findings suggest that there is a need for
continuous monitoring of VLBW infants on oxygen
therapy and that supplemental oxygen therapy
should be terminated as soon as possible when
there is no further indication for it. The use of the
chart which we have constructed (Fig. 1) for the
prediction of development of ROP in VLBW infants
following exposure to various durations of oxygen
therapy will help neonatologists in developing
countries to identify the very high risk infants for
screening by the limited number of ophthalmologists
in their countries.

The association between ROP and blood transfu-
sions has been reported previously.>*!® Blood
transfusions provide the infants with a greater
proportion of adult haemoglobin which readily
releases oxygen to the tissues including the retina.
Fetal haemoglobin, on the other hand, with its higher
affinity for oxygen, tends to protect the retina from
hyperoxaemia as it requires a higher PaO, before it
releases its oxygen content. During exchange
transfusion, much larger volumes (about 8-9 times
of the volume used for replacement transfusion) of
adult blood and haemoglobin are transfused into the
infants. Thus, it is not surprising to find that exchange
transfusion is a significant risk factor associated with
ROP in our patients.

Even in the most modern neonatal units with
sophisticated equipment and technology, ROP
remains a problem. The role of oxygen in its
pathogenesis remains an enigma. The problem is to
define in a quantitative way its relationship to ROP.
Our study shows that it is not just a simple factor of
oxygen therapy. The duration of exposure to oxygen
and ease of release of oxygen at the retinal level are
significant risk factors associated with the develop-
ment of ROP. There is, therefore, a need for close
ophthalmological surveillance in VLBW babies,
especially those who are subjected to prolonged
oxygen therapy and exchange transfusion. While the
practices of providing oxygen and exchange transfu-
sion are often life-saving, a more judicious approach
to the use of such therapies may help to reduce the



RISK FACTORS FOR ROP

problem of ROP. As suggested by the multi-centre
study on cryotherapy,?’ cryotherapy is advocated for
those with stage 3 threshold disease.

Key words: Exchange transfusion, Oxygen therapy, Retinopathy
of prematurity, Very low birthweight infants.
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