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ABSTRACT:
Retinopathy of prematurity: Some epidemiological and paediatric aspects

Yin Khow Mg

With the development of modern neonatal intensive care and the increase in 
the survival of very low blrthweight babies, it was reported from a number 
of centres around the world that the incidence of retinopathy of 
prematurity (ROP) seemed to be once again on the increase. Since there was 
very little information regarding this condition in the United Kingdom 
after the early 1950s, a grant was awarded by the Medical Research Council 
in 1985 to enable further investigation.

This thesis presents some of the results of this prospective survey of ROP. 
The epidemiological part of the study showed that in the geographically- 
defined population which we studied, acute ROP is common, being seen in 
49.1% of infants weighing 1700 gm or less at birth. Most of these 
developed at worst, stage 1 or 2 disease (44.9%) and in all these 277
babies there was complete resolution. Of the 21 infants who developed more
severe disease (stage 3 or 4), five (nine eyes) progressed to the 
cicatricial stages. However none of these infants was blind. There was no 
sex difference found but it was observed that there was a significant 
relationship between the stage of ROP and the race of the infant, Asian 
infants being found to have a greater tendency to develop stage 3 or 4 
d isease.

In the paediatric factors part of the study, several variables describing 
neonatal events and treatments were subjected to univariate analysis to
find those which could be used in a multivariate analysis. Only a few of
these variables are considered and discussed here. A significant 
association was found between the stage of acute ROP and cranial ultrasound 
findings of haemorrhage and periventricular leucomalacia, the presence of a 
persistent ductus arteriosus, a longer duration of assisted ventilation and 
oxygen treatment, bradycardias, apnoeas, cyanotic episodes and blood 
transfusions. Some of the difficulties in such a study are described.
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INTRO DUC TIO N

When the Medical Research Council in itia ted  an investigation in to  re tro len ta l 

fibroplasia, now known as retinopathy o f prem aturity, (ROP), in  the United 

Kingdom in  October 1951 there was a great deal o f interest in  and research in to  

this re la tive ly new condition. A few years la ter as the "epidemic" o f ch ildren 

b linded by this condition waned in  re lation to restriction o f oxygen use in  

neonatal nurseries, so the interest in  re tro lenta l fibroplasia faded. Since then 

however there have been many developments in  the care o f the newborn and 

there has been a resurgence o f interest in  ROP w ith  reports from  several 

centres caring fo r neonates around the developed w orld  that the numbers o f 

preterm  infants affected w ith  this eye condition are once more on the 

increase.

W ith this renewed interest in  ROP i t  became clear that there was very little  

in form ation about this condition in  the United Kingdom (UK) since the 1950's. 

In 1985 the Medical Research Council made a grant available to M r A lastair 

Fielder, Reader in  the Department o f Ophthalmology and Dr Malcolm Levene, 

Senior Lecturer in  the Department o f Child Health at the University of 

Leicester to study ROP in  the East Midlands area o f the UK. The study had three 

main aims: firs t ly  to investigate the incidence o f ROP in  a geographically- 

defined population in  this country and to describe some o f the epidemiology of 

the condition, secondly to observe and describe the natura l history, and 

th ird ly  to investigate paediatric factors, including cranial ultrasound 

appearances, which m ight be associated w ith  the occurrence o f ROP.

I was the C linical Research Fellow employed w ith  this grant to assist in  the 

setting up o f the survey and in  the collecting o f paediatric data. In this thesis 

I w ill present the results o f the epidemiological study and some o f the results



o f the study o f paediatric factors associated w ith  the occurrence and severity 

o f ROP.



CHAPTER 1 - REVIEW OF THE LITERATURE

Retinopathy o f prem aturity  (ROP) was firs t described in  1942 (Terry, 1942). 

Following the orig ina l description the condition came to be called "retro lenta l 

fibroplasia" (RLF), lite ra lly  "scar tissue behind the lens o f the eye", because o f 

the presence o f an opaque grey-white membrane behind the lens. In  1984 the 

in ternationa l committee w hich agreed the classification o f this disease 

recommended that ROP should be the term  used fo r this condition (Committee 

fo r the classification o f ROP, 1984) since this name describes the pathological 

changes to the developing re tina l blood vessels that occur in  this disease. It 

was thought that the term  RLF was inappropriate because i t  described on ly the 

cicatric ia l changes which are a la ter development in  the eyes o f the most 

severely affected infants.

CLASSIFICATION

The h is to ry o f the early research in to  this condition has been well- 

documented (Silverman, 1980). One o f the main d ifficu lties which beset 

earlier workers was the differences in  the classification o f the disease 

(Committee fo r the classification o f ROP, 1984). The lack o f an agreed 

classification made i t  very d ifficu lt to compare previous surveys w ith  each 

other, le t alone w ith  more modern studies. In  particular, epidemiological 

studies and comparisons o f d iffe ren t treatment methods were very d ifficu lt 

since i t  was not certain that like was being compared w ith  like. Up to 1984, the 

most commonly used classification was that devised by Reese, King and Owens 

(Reese et al, 1953). However there were also several other systems in  use (Patz, 

1969, Kingham, 1977, McCormick, 1977, Keith, 1979, Schaffer et al, 1979).

In 1984 the International Classification o f ROP (ICROP) fo r the acute stages of 

the disease was introduced (Committee fo r the classification o f ROP, 1984). As
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well as grading the retinopathy in  an agreed manner, this system required a 

description o f the location (site) o f the changes using 3 zones o f involvem ent 

centred on the optic disc, and o f the extent o f the disease, using the 12 hours o f 

the clock (see chapter 2). This system was used in  our study which commenced 

in  1985. A t this time the ICROP d id  no t include a complete classification o f all 

the changes seen in  cicatricia l disease, and i t  was recommended that the Reese 

classification should continue to be used fo r those re tina l changes tha t were 

beyond those described in  the new system.

Another reason which has made i t  d iff ic u lt to compare earlier studies and 

more recent w ork has been the development and in troduction  o f the ind irect 

ophthalmoscope to visualise the preterm  infant's fundus. W ith this 

instrum ent and the aid o f an eyelid speculum and scleral indentor to rotate the 

eye, the peripheral re tina can be examined, even while the in fan t lies w ith in  

an incubator on mechanical ven tila to ry  support. Thus any changes in  these 

sites are now more easily seen than previously (Mushin, 1974, McCormick,

1977).

EPIDEMIOLOGY

Interest in  ROP was rekindled in  the 1970's by reports from  the USA, Canada 

and Finland that the incidence o f the condition seemed to be on the increase 

(McCormick, 1977, Bauer, 1978, Gunn et al, 1978 and 1980, Tarkkanen et al,

1978). In the late 1940s and the early 1950s the incidence o f RLF reached high 

proportions and many survivors o f preterm  b irth  had a visual handicap as a 

consequence o f this condition. In  the late 1950s and early 1960s there was a 

decline in  the incidence o f RLF (Sorsby, 1966) and this was thought to be 

related to the restriction in  the use o f supplemental oxygen in  the treatment of 

premature infants (Forrester et al, 1954, Cross, 1973, Silverman, 1980).

However during this same period o f time, developments in  antenatal care and



in  the intensive care o f the newborn were having effects on survival o f 

infants born prem aturely, w ith  an increase in  the num ber o f infants 

surviving preterm  b irth  in  a ll b lrthw e igh t groups, even those in  the very low 

blrthw eight group, tha t is those weighing less than 1500 gm. (Pharoah et al,

1981, Cross, 1973, Hack et a l , 1979). Phelps estimated from  1979 figures that 

there could be 546 ch ildren b linded by ROP in  that year, and that 2100 infants 

could be affected by cicatricia l disease annually in  the USA (Phelps, 1981). 

Subsequent reports o f comparisons o f ROP over a period o f years w ith in  a 

num ber o f centres agreed w ith  the trend reported by Phelps (Kalina et al,

1982, Feman et al, 1984).

In the ligh t o f these reports from  other countries, and w ith  the increased 

survival o f very low  b lrthw eight infants (Pharoah et al, 1981) i t  m ight be 

expected that there would be an increase in  the incidence o f ROP in  the United 

Kingdom (UK). However there is little  published data on the incidence o f ROP 

in  this country since the 1950's.

In a retrospective survey o f ch ildren born between 1960-1979 in  the North o f 

England who had been diagnosed as having re tro lenta l fibroplasia (Hey et al, 

1980), between 6% and 9% o f infants weighing less than 1000 gm, and who 

survived the neonatal period between 1964 and 1979 appeared to have 

retro lenta l fibroplasia, as d id  1% o f babies weighing between 1000 and 1500 

gm. A ll the individuals identified  had severe permanent visual damage. 

In form ation fo r the survey was obtained from  a number o f sources, including 

the figures fo r registration o f blindness o r partia l sight in  ch ildren in  

England and Wales. These la tte r figures would only be reliable fo r the most 

severely affected children, and would show incidence figures fo r the year o f 

registration which may be several years after the diagnosis was made. A 

num ber o f ch ildren who are partia lly-sighted are never registered so that



figures from  the registers would be like ly  to be an underestimate o f the 

incidence. This paper described several o f the d ifficu lties experienced in  

undertaking a retrospective survey o f this condition in  a defined community, 

no t least in  the ascertainment o f affected individuals and in  the re lia b ility  of 

the diagnosis.

Mushin's series o f patients were examined by h im  in  the five years up to 1974 

in  two London neonatal units (Mushin, 1974) and were a more selected group 

(hospital-based) than the ch ildren surveyed by Hey and Jarvis (com munity- 

based). 50% o f Mushin's patients who weighed less than 1500 gm at b ir t l i 

showed some signs o f ROP and 7% had signs o f "fibrosis', presumably 

cicatricia l disease. None o f this la tte r group o f infants was b lind  bu t they a ll 

had some degree o f visual deficit.

In the early 1950s, a large survey o f retro lenta l fibroplasia in  the UK was 

undertaken by the Medical Research Council o f a ll infants weighing less than 

1800 gm who were born between October 1951 and May 1953 and who were 

admitted to one o f 17 hospital premature baby units (A report to the Medical 

Research Council by the ir council on re tro lenta l fibroplasia, 1955). In  the 

same period, the M in is try  o f Health in itia ted  a retrospective community-based 

survey o f the incidence o f RLF in  premature infants born in  1951 in  England 

and Wales and weighing less than 2000 gm (Boyd et al, 1955). For the reasons 

mentioned above neither o f these surveys can be d irectly  compared w ith  the 

results o f more recent studies.

From the earliest descriptions o f the disease, an association w ith  p rem aturity 

had been made. In Terry's orig ina l descriptions short gestational age as well 

as low b lrthw eight were noted in  all the affected infants. In  many studies o f 

ROP since that time, i t  has been a constant find ing  that the frequency o f
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re tina l changes occurring is inversely related to b lrthw e ight and /o r 

gestational age (King, 1950, Silverman et al, 1952, Medical Research Council 

report, 1955, Boyd et al, 1955, McCormick, 1977, Gunn et al, 1980, Kalina et al, 

1982, Campbell et al, 1983, Flynn, 1983, Bossi et al, 1984, Reisner et al, 1985,

Yu et al, 1982, Hammer et al, 1985, Hungerford et al, 1986). The severity o f the 

changes has also been reported to be inversely related to b lrthw eight and /o r 

gestational age, w ith  cicatric ia l disease occurring more frequently  in  infants 

o f very low b lrthw eight (Patz, 1957, Phelps, 1981, Kalina et al, 1982, Shohat et 

al, 1983, Feman et al, 1984, Keith et al, 1984, Reisner et al, 1985) although 

there have also been studies which have shown that severity o f the disease is 

no t related to b lrthw eight or gestational age (Silverman et al, 1952, Yu et al, 

1982). Even though various classification systems were used in  a ll these 

studies which were carried out before the ICROP was agreed so that precise 

comparisons are no t possible, i t  does appear that there is a relationship 

between preterm  b irth  and the occurrence o f ROP.

Some early studies reported that there was a sex difference in  the incidence o f 

ROP. It seemed that more males than females were affected by the disease 

(King, 1950, Silverman et al, 1952, Medical Research Council report, 1955,

Boyd et al, 1955). Later studies have shown no sex difference in  the 

occurrence o f ROP (Yu et al, 1982, Shohat et al, 1983). A study carried out in  

England and Wales in  1951 (Boyd et al, 1955) showed that there was a greater 

num ber o f girls than boys in  a ll b lrthw eight groups in  the ir survey and they 

pointed out that fo r a given gestation, girls tend to weigh less than boys, that is 

girls would tend to be more mature at any given b lrthw eight and boys less so. 

When they corrected fo r this, they found an equal sex incidence.



PATHOGENESIS

The pathological basis o f ROP is tha t there is a p ro life ra tion  o f re tina l vessels 

in  the immature retina which may progress to exudates, haemorrhages, 

re tina l detachment and form ation o f fibrous tissue (Garner 1985). In  the 

developing human retina, vascularisation begins at about the 16th week of 

gestation. It progresses periphera lly  from  the area adjacent to the optic disc, 

w ith  the development o f an advancing network o f p rim itive  capillaries, 

reaching the ora serrata by about the 8th m onth o f gestation and the anterior 

temporal re tina l periphery, furthest from  the optic disc, at about fu ll term. 

These capillaries differentiate in to  arterioles or venules by a process o f 

selective hypertrophy o f some capillaries and atrophy o f others. The factors 

which affect this process are m ain ly metabolic and haemodynamic ones, a 

particu la rly  significant one being oxygen (Garner, 1985).

Pathology (Garner, 1985)

Stage 1 ROP (dem arcation line) is characterised m icroscopically by  an 

anterio r vanguard zone consisting o f a hyperplastic mass o f spindle-shaped 

cells which are the precursors o f the vascular endothelium. C lin ically this ' 

zone appears white as i t  is devoid o f functioning capillaries. Behind these 

pro life ra ting  spindle cells is a rearguard zone o f nascent capillaries w ith in  a 

compact knot o f d ifferentia ting endothelium. I t  is from  this rearguard zone 

tha t subsequent vasoproliferation occurs.

Stage 2 ROP (ridge) is progression o f the demarcation line  such that there is 

extension beyond the surface o f the retina. The area o f maximum activ ity  is 

seen to be in  the rearguard zone w ith  clusters o f p ro life ra ting  endothelium 

and organisation in to  vascular channels. The p ink colour o f the ridge seen 

clin ica lly  is due to these new capillaries. In  addition there may be small, 

isolated tufts o f capillaries on the re tina l surface, a liitle  behind the ridge.



Stage 3 ROP (ridge w ith  extrare tina l fibrovascular p ro life ra tion ) is the 

progression from  thickening o f the inner re tina to surface pro life ra tion . 

A lthough the p ro life ra tive  ac tiv ity  starts in  the rearguard capillaries, i t  is in  

this stage that growth can occur an te rio rly  or posteriorly.

Stage 4 ROP (re tina l detachment) occurs as a result o f traction or serous 

exudation fo llow ing the growth o f fibrovascular tissue.

ROP A nd O ther P ro life ra tiv e  R etinopath ies

There are sim ilarities between ROP and other p ro life ra tive  retinopathies 

(Garner, 1985). For example, branched loops o f vessels can be seen at the 

margins o f avascular foci in  diabetic retinopathy, which has been explained 

by red istribu tion  o f blood flow  follow ing ob literation o f some o f the capillary 

bed. Sim ilar appearances can be seen in  early acute ROP, as mentioned above. 

One effect o f capillary ob literation is that blood is redirected from  the arteria l 

to the venous side through channels at the edge o f the residual vasculature, 

form ing hyperemic and often lealcy shunts. Increased blood flow  in  diabetic 

retinopathy also causes an increase in  the size and tortuosity o f the more 

proxim al vessels. Sim ilar appearances are found in  early acute ROP.

There is evidence that c ircu la tory d isruption resulting in  tissue hypoxia is the 

factor common to most o f the pro life ra tive retinopathies (Garner, 1985) and 

that hypoxia and tissue damage are associated w ith  the production o f 

angiogenic factors. Angiogenic factors have been detected in  diabetic 

retinopathy and in  the eyes o f animals w ith  experimentally induced ROP.

T im in g

One o f the most interesting observations about ROP is that i t  is only seen when 

the re tina l vessels are immature. Once the re tina l vessels have reached the 

tem poral periphery i.e. the re tina is fu lly  vascularised, the in fan t is no longer
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in  danger o f developing ROP. The age o f onset o f acute ROP occurs w ith in  a 

re lative ly narrow  range (Fielder et al, 1986). 86% o f the infants reported in  

that study (n=143) developed ROP between 32.5 and 38.5 weeks post-menstrual 

age. It was noted that infants o f < 28 weeks gestational age developed ROP at a 

lower postmenstrual age (median age o f onset 33.7 weeks) than those who were 

a 28 weeks gestation (median age o f onset 35.7 weeks). These authors suggested 

that a certain developmental stage, probably at re tina l level, had to be reached 

fo r the response to occur. These clin ical observations would f i t  those from  the 

laboratory tha t re tina l m a tu rity  is im portan t in  determ ining the susceptibility 

to ROP (Garner, 1985).

ASSOCIATED PAEDIATRIC FACTORS

Terry's orig inal description and la ter reports showed that there was an 

association between premature b ir th  and the occurrence o f ROP (see above). 

Preterm b irth  has remained the most constant association, measured either as 

low  b lrthw eight or as short gestation.

From the earliest days a great deal o f e ffo rt and thought has been spent in  

investigating the aetiology o f the condition, and many possible factors were 

suggested as being either d irec tly  responsible or contributing to the 

development o f the disease (Zacharias, 1952, Silverman, 1980). Maternal and 

in fa n t factors, antenatal, perinata l and postnatal events were considered.

Some o f the early suggestions included exposure to ligh t (Terry, 1943), 

deficiencies in  various substances such as deficiency o f v itam in E (Owens et al, 

1949), alterations in  blood pressure such as m ight occur in  the presence o f a 

persistent ductus arteriosus (Terry, 1943), exposure to oxygen (Campbell K, 

1951, Crosse, 1951) and lack o f oxygen at re tina l tissue level (Campbell FW, 

1951).
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THE OXYGEN FACTOR

Oxygen C oncentra tion  A nd  D u ra tio n  O f Oxygen Therapy 

Two papers published in  1951 (Campbell K, 1951, Crosse,1951) noted that there 

seemed to be an increase in  the number o f infants affected by ROP in  hospitals 

where high concentrations o f oxygen were used. However ROP d id  also occur 

where oxygen was used in  smaller amounts (Houlton, 1951) and there were 

infants who d id  no t develop the disease although placed in  high oxygen 

environments (Exline et al, 1951). Other studies (Medical Research Council 

report, 1955, Kinsey, 1956) showed that there was a relationship between 

oxygen treatment and the frequency o f ROP. The MRC survey demonstrated 

tha t RLF occurred more commonly in  those infants who were given oxygen 

fo r longer periods, and in  those nurseries where there was increased use o f 

oxygen. The cooperative study between 18 hospitals in  the USA (Kinsey, 1956) 

suggested that the incidences o f both acute and cicatricia l RLF increased 

ra p id ly  w ith  increasing duration o f exposure to oxygen, the most rap id  

increase occurring fo r durations o f on ly  one o r two days. However in  this 

study the incidence o f cicatricial disease was not dependent on the 

concentration o f oxygen given. I t  therefore seemed to confirm  the theory 

that the use o f high concentrations o f oxygen was the cause o f ROP.

The events following the publication o f tlie  results o f tlie  cooperative study 

have been described clearly (Silverman, 1980). The amount o f oxygen given to 

preterm  infants was restricted, so that i t  was only given i f  c lin ica lly  indicated 

and in  most units i t  was generally accepted that the maximum "safe" level o f 

oxygen was 40% (FiÜ2 = 0.4). In the cooperative study (Kinsey, 1956) the 

"routine oxygen" group was given oxygen at concentrations over 50% (Fi02 ^ 

0.5) fo r 28 days whereas the "curtailed oxygen" group was given oxygen only 

fo r as long as was indicated on clin ical grounds, and in  concentrations not 

exceeding 50% (Fi02 a 0.5). Another study published at about the same time
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(Guy et al, 1955) reported that no cicatricial RLF had been seen in  the group o f 

babies given restricted oxygen at a mean concentration o f 30% (FiOz = 0.3), 

whereas 22% o f infants given high concentrations, mean 69% (Fi02 = 0.69)̂  

developed severe disease.

Ashton's experimental work on developing re tina l blood vessels, pa rticu la rly  

in  Idttens (Ashton et al, 1953, Ashton, 1966) had demonstrated that 

vasoconstriction occurred w ith  to ta l ob lite ra tion  o f the vessels when the 

animals were placed in  oxygen and tha t this effect was related to the m atu rity  

o f the vessels, the duration o f exposure to and the concentration given o f 

oxygen. Concentrations o f oxygen below 35% (F102 < 0.35) seemed to have little  

or no effect on the kittens' retinas in  the most sensitive age group. This 

evidence seemed to give fu rth e r support to the theory tha t giving infants 

oxygen concentrations o f 40% or less (F102 a 0.4) would decrease the incidence 

of ROP.

However there were concerns tha t restricting oxygen treatm ent could have 

serious consequences on the m orta lity  o f preterm  infants. The cooperative 

study (Kinsey, 1956) addressed this by including survival in  the study design 

and the ir results showed there to be little  difference in  m orta lity  between the 

"routine oxygen" group and the "curta iled oxygen" group. I t  was subsequently 

pointed out (Gordon, 1957) that infants were only admitted to the cooperative 

study i f  they survived the firs t 48 hours, the period o f highest risk o f death, 

and i t  was misleading to conclude that oxygen restriction as carried out in  the 

study had no harm fu l effect. Later work has shown that oxygen restriction d id  

reduce the incidence o f ROP but that m orta lity  and m orb id ity  in  preterm  

infants d id increase (Avery et al, 1960, McDonald, 1962, Cross, 1973).
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Role o f Oxygen: H yperoxia  o r Hypoxia?

As well as the theory o f hyperoxia being the cause o f ROP, there was an 

opposite theory which proposed tha t hypoxia was the underlying cause 

(Szewczyk, 1952, Rubinstein, 1952). Szewczyk reported that the vasodilation of 

the re tina l vessels seen in  the early stages o f retro lenta l fibroplasia could be 

reversed by increasing the oxygen concentration o f the infant's 

environment. He also reported that w ithdrawing infants rap id ly  from  an 

oxygen-enriched environm ent seemed to be associated w ith  progressive 

d ila ta tion o f the ir re tina l blood vessels which was reversed when they were 

returned to oxygen. The hypothesis pu t forward by Rubinstein, an 

ophthalmologist in  Sheffield, was based on clinical, embryological and 

histological evidence as known at that time. He suggested that the blood 

supply o f the developing re tina  was precarious and follow ing premature 

b irth , d isruption o f the norm al sequence o f vascular growth would result in  

local anoxia and oedema. This in  tu rn  would cause local metabolites to 

accumulate and these would stimulate vasodilation and vascular pro lifera tion. 

I f  adequate circu lation was restored then there would be regression o f the 

vascular changes, bu t i f  not, then the process would continue and lead 

eventually to the fina l stages o f re tro len ta l fibroplasia.

In support o f hypoxia having a role in  the production o f ROP, tliere have been 

case reports o f infants in  whom hypoxic events had occurred who were found 

to have the re tina l changes o f ROP, such as the child  born at 29 weeks 

gestation w ith  cyanotic congenital heart disease whose measured Pa02 levels 

never exceeded 91 mm Hg (Naiman et al, 1979). Intrauterine hypoxia has been 

suggested as a possible factor, fo r instance the child  whose eyes showed the 

appearances o f ROP who received no extra oxygen after b ir th  bu t whose 

m other was very anaemic at delivery (Bruckner, 1968), and the description of
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ROP-lilce changes in  the eyes o f some anencephalic infants (Addison et al, 

1972).

Experimental work on the young o f animals such as the cat, dog and ra t 

(Ashton et al, 1953, Patz, 1957) showed that placing these animals m  high 

concentrations o f oxygen resulted in  re tina l vessel changes sim ilar to those 

seen in  early ROP. Ashton and coworkers showed that in  kittens, i f  the 

exposure to oxygen was short, the vasoconstriction was reversible bu t i f  

exposure was more prolonged, vaso-obliteration occurred followed by 

vasoproliferation in  a disorganised way. This blood vessel p ro life ra tion  could 

result from  vasoconstriction causing ischaemia and hypoxia. As the immature 

retina differentiates and thickens, its metabolic requirements increase and 

d iffusion from  the choroid becomes inadequate. During the phase o f ROP in  

which vaso-obliteration occurs, there is d isruption to the developing vascular 

network and consequently there is an increase in  the amount o f avascular 

tissue. The stimulus fo r angiogenesis is thus increased. In  la ter studies Ashton 

and coworkers showed that the pro life ra tive effect could be produced by 

occluding the re tina l vessels w ith  glass ba llo tin i (Ashton et al, 1965, Ashton, 

1966), that is vasoproliferation was not solely an oxygen effect and local 

hypoxia could be one o f the factors involved. I t  is thought that the 

hypoxic/ischaem ic re tina  produces an angiogenic factor which stimulates the 

growth o f abnormal vessels (see section on ROP and other pro life ra tive 

retinopathies). An experiment in  which kittens were exposed to 80% oxygen 

fo r 65 hours and then recovered in  either 21% oxygen (normoxic) o r 13% 

oxygen (hypoxic) environments (Phelps et al, 1984) showed that there was 

more severe re tina l vessel changes in  those animals subjected to hypoxic 

recovery. Factors which are related to the metabolic consequences o f hypoxia 

and circulatory disturbance such as acidosis (Bossi et al 1984, Koerner et al.
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1986, Prendiville et al, 1988) and hypercapnia (Flower, 1985, Bauer et al, 1981) 

are also like ly  to contribute to the development o f this condition.

Oxygen diffuses in to  the re tina from  the choroidal vessels as well as through 

the developing re tina l circulation. In hyperoxic states oxygen may therefore 

diffuse through a ll the layers o f the retina. Experimental detachment o f the 

re tina  in  kittens prevented the vaso-obliterative effect o f hyperoxia (Ashton 

et al, 1954).

In addition, there is some evidence which suggests that oxygen-induced 

vasoconstriction could be an autoregulatory mechanism which protects 

downstream capillaries from  overperfusion (Dollery et al, 1964, Flower, 1985). 

However autoregulation could be harm fu l by causing stagnation and 

thrombosis (Garner, 1985), thus resulting in  ischaemia./hypoxia. Even i f  

autoregulation is occurring re tina l oxygenation may reach harm fu l levels in  

hyperoxic states by d iffusion from  the choroidal circu lation (Flower, 1985).

I t  is well-recognised that excessive oxygen is toxic to liv ing  tissues (Balendne, 

1982). Tissue culture studies have shown that hyperoxia is damaging to 

growing vascular endothelium from  rabb it re tina (T ripath i et al, 1974). There 

is some evidence that damage by hyperoxia is caused by free radicals (Slater et 

al, 1970, Dormandy, 1978, McCord, 1985, Crowe et al 1986). The response to 

tissue in ju ry  may include the release o f factors which may in  themselves 

stimulate new vessel p ro life ra tion  (Garner et al, 1987).

M o n ito r in g  o f O xygenation In  B lood

It  is well-recognised tha t ROP may occur in  infants who have never had 

supplemental oxygen, both pre-term  and fu ll term (Lucey et al, 1984). A t the 

same time i t  has been reported that preterm  low blrthw eight infants who have
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had periods o f sustained hyperoxaemia have not developed ROP (Aranda et al, 

1974).

It was realised early on that the level o f oxygen in  arteria l blood was more 

im portan t than the concentration o f oxygen in  the inspired a ir in  

determ ining the oxygenation o f the tissues (Ashton as cited by Tizard, 1964). 

W ith the development o f methods o f measuring arteria l oxygenation, i t  has 

gradually become standard practice in  neonatal units everywhere to m on ito r 

an ind iv idua l in fant's oxygen status. Sampling from  the um bilica l artery or a 

peripheral a rtery provides a measure o f arteria l oxygenation at a given po in t 

in  time. More recently, technological advances have introduced methods of 

m onitoring oxygenation more continuously, fo r instance w ith  an indwelling 

arte ria l oxygen-sensitive probe, o r w ith  a transcutaneous or saturation 

m onitor. W ith the a b ility  to measure arteria l oxygen levels came the question 

o f whether there was a safe level o f oxygen and what tha t m ight be (Baum et 

al, 1970, Tizard, 1971, James et al, 1976).

In a study o f 70 infants which attempted to show a correlation between peak 

arteria l O2 tension (peak Pa02) and re tina l vessel calibre, 16 infants showed 

re tina l vasoconstriction and 2 had early signs o f re tro len ta l fibroplasia, which 

was graded using Patz's m odification o f the Reese classification (Aranda et al, 

1971). In  a ll the survivors, the re tina l changes resolved. A ll the 18 infants 

had peak Pa02 between 102 and 398 mm Hg and these authors recommended 

that a preterm  infant's Pa02 should be maintained below 100 mm Hg (13.3 kPa). 

A number o f other workers (McCormick, 1977, Cantolino et al, 1971, Kingham, 

1977) pointed out that i t  was exceptional to be able to evaluate 

hyperoxygenation using changes in  re tina l vessel calibre, and tha t there was 

no clear relationship between re tina l vessel size and a Pa02 level measured at 

the same time. S im ilarly the 1977 cooperative study o f Pa02 levels and the
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occurrence o f re tro lenta l fibroplasia (Kinsey et al, 1977) attempted to study the 

feasib ility  o f re lating Pa02 levels and re tina l vessel calibre bu t this pa rt o f the 

survey was abandoned early on when i t  became apparent that this procedure 

was on ly possible in  larger more mature infants because the ir ocular media 

were clear.

This second cooperative study (Kinsey et al, 1977) was designed w ith  the main 

aim o f establishing guidelines on the adm inistration o f oxygen to preterm  

infants, w ith  particu la r attention to Pa02 levels and the occurrence o f ROP.

The data were collected between 1969 and 1972 and included the results o f 

arteria l blood gas samples obtained from  infants who were treated w ith  

supplemental oxygen in  a num ber o f neonatal centres in  the USA. Of the total 

o f 709 infants studied, 66 developed ROP. The analyses o f the oxygen data, 

especially o f the Pa02 values, were very much summarised and i t  was not 

possible to use the results to make any recommendations concerning Pa02 

levels and prevention o f ROP. In fact, Kinsey et al concluded that the 

occurrence o f ROP was unrelated to Pa02 levels.

The 1977 cooperative study illustrates the difficu lties o f in terpreting data 

obtained by in te rm itten t sampling o f a variable which in  fact is continuously 

changing. Another d ifficu lty  w ith  using the results o f samples from  um bilica l 

arteria l catheters is that the Pa02 o f a sample from  a catheter placed in  the 

descending aorta w ill re flect the postductal oxygen tension and not the 

preductal level which is more closely related to the oxygenation o f the eye and 

retina. In the absence o f an um bilica l catheter, arteria l blood gas samples 

become more d ifficu lt to obtain and also to interpret, since i t  is well- 

recognised tha t periphera l a rteria l sampling causes distress and crying which 

in  tu rn  affect the blood oxygenation level. S im ilarly other procedures carried
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out on infants in  the neonatal u n it have been shown to affect the ir 

oxygenation levels (Long et al, 1980).

Developments in  continuous m onitoring o f oxygenation in  neonates together 

w ith  developments in  microprocessor technology which enable these 

continuous data to be handled have been used in  a study reported by Bancalari 

and Flynn (Bancalari et al, 1987). In  this study transcutaneous monitors were 

used and infants were placed in  either a continuously m onitored group or in  a 

standard care group. The infants in  the la tter group were m onitored whilst 

being given FiOz > 0.4 or when the ir clin ical state indicated. These workers 

found that ROP was reduced in  infants w ith  b irth  weight >1000 gm who were 

continuously m onitored compared to those o f sim ilar b lrthw eight who had 

standard m onitoring. However there was no difference in  the occurrence o f 

ROP in  infants weighing <1000 gm at b ir th  whether they were continuously 

m onitored or not.

It has been pointed out by a number o f workers that the Pa02 in  a fetus is 

considerably less than that measured after b irth , and that breathing a ir may 

cause some susceptible preterm  infants to experience relative 

hyperoxygenation (MacMahon et al, 1986). These workers described an in fan t 

who developed ROP in  spite o f continuous m onitoring o f Pa02 and a maximum 

recorded level o f 95 mm Hg (12.7 kPa). As a possible means o f preventing ROP 

they considered the use o f low inspired oxygen concentrations to m aintain the 

Pa02 levels below 80 mm Hg and yet be sufficient to prevent tlie  occurrence o f 

respiratory acidosis. They described the results o f treating fou r preterm  

infants in  this way, using an oxygen/nitrogen mixture. The mean duration o f 

low oxygen treatment was 56 hours. None o f the fou r developed ROP. However 

they observed that even during this treatment there were a number o f 

occasions recorded when Pa02 exceeded 80 mm Hg.
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A n im a l models o f ROP

The use o f animal models in  the study o f this condition has been reviewed 

(Gole, 1985). Animals studied have been the kitten, puppy, and the young o f 

rats, mice and rabbits.

K i t te n

The most studied has been the kitten, whose re tina l vasculature at b irth  is at a 

stage o f development which is roughly equivalent to that o f a 28-week 

gestation human. The oxygen-induced retinopathy produced in  the k itten  was 

the basis o f most o f the earliest laboratory work in to  the pathogenesis o f ROP. 

As described in  earlier pages, oxygen causes vasoconstriction in  the 

developing vessels o f the k itten  re tina and ob literation o f capillaries i f  the 

exposure is prolonged. I f  the animals are removed from  the oxygen-enriched 

environment, p ro life ra tion  o f new vessels occurs w ith in  the re tina and in to  

the vitreous, sometimes w ith  the occurrence o f arteriovenous shunting and 

haemorrhages. D uring the pro life ra tive  stage, iris  vascular engorgement and 

pup illa ry  r ig id ity  identical to that seen in  the human disease may also occur. 

The effect o f oxygen on k itten  re tina l vessels continues on ly  u n til the 

vasculature is mature. However the m ajor difference between the k itten  

model and the human disease is that re tina l detachment does not develop in  the 

k itten. A lthough the re tina l vascular pattern is never completely norm al, 

regression o f the neovascularisation occurs over a period o f months in  the 

k itten .

R a t

Unlike most other experimental mammals, the ra t shows lit t le  or no re tina l 

vessel development u n til o r shortly before b irth . A lthough the immature 

re tina l vessels o f the ra t show vaso-obliteration in  response to 80% oxygen 

they do not show abnormal pro life ra tion. Retinal detachment does not occur. 

This model is therefore useful fo r studying the effects o f hyperoxia on 

immature vessels bu t no t fo r the study o f pro life ra tive retinopathy.
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M ouse

The developing re tina l circu lation in  the mouse is sim ilar to that o f the rat.

The re tina l vascular m a tu rity  o f the mouse at b irth  is equivalent to that o f a 4- 

m onth gestation human. Exposure o f newborn mice to 98%-100% oxygen fo r 

several days produces ob literation o f the posterior capillary bed. When the 

animals are returned to room  air, dense vasoproliferation occurs w ith  

overgrowth in to  the vitreous. In  some o f the animals there is also 

engorgement o f the tunica vasculosa lentis, haemorrhages in to  tire vitreous 

and the anterior chamber, and re tina l fo ld ing. These oxygen-induced 

appearances are sim ilar to those seen in  ROP. However, s im ilarly  to the ra t 

and the k itten models, re tina l detachment does not occur in  the mouse.

R a b b it

A lthough the re tina l vascular pattern in  the rabb it d iffers from  that o f other 

mammals, the developing re tina l vessels can be obliterated by  oxygen. A fter 

oxygen exposure, a distorted growth o f new vessels occurs which u ltim ate ly 

regresses, but never becomes normal. One o f the advantages o f the rabb it 

model is that the growing vascular complex can be easily removed intact from  

the eye and cultured, so tha t in -v itro  studies on the effects o f oxygen have 

been possible. The rabb it model is also one o f the few models in  which oxygen 

causes damage to the visual cells. Like the other animal models, re tina l 

detachment has no t been shown to occur in  the rabbit.

Dog

Sim ilar to the k itten  model, exposure o f puppies to extra oxygen has produced 

vasoconstriction o f re tina l vessels, followed by d ila tion and tortuosity o f the 

vessels, re tina l haemorrhages and oedema, and vitreous opacities, and some 

have developed re tina l detachments. Dogs are known to develop spontaneous 

re tina l detachments, so i t  is possible tlia t the puppy eye could be a suitable 

model fo r the more severe forms o f ROP. It has been reported that beagle 

puppies treated w ith  aspirin and exposure to 95% -100% oxygen showed more
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severe re tina l changes inc lud ing the presence o f fa lc ifo rm  re tina l folds than 

untreated animals.

As described above, none o f these models are entire ly satisfactory as they do 

no t reproduce the progression o f acute to cicatricia l ROP.

NEONATAL EVENTS AND ROP

There have been many reports in  the lite ra ture o f various events in  the 

neonatal period and the ir association w ith  ROP (Lucey et al, 1984). Only a few 

o f these events w ill be considered here, in  relation to this thesis.

C ra n ia l U ltra so u n d  Appearances

Since the re tina l and cerebral circulations and the development o f both the 

bra in  and the eyes are so closely related, i t  is not surprising that several 

studies o f ROP have included consideration of cerebral events.

In travel! tr icu la r haemorrhage (IVH) has been reported to be associated w ith  

ROP by several workers (Procianoy et al, 1981, Flynn, 1983, Biglan et al, 1984, 

Purohit et al, 1985, Hammer et al, 1986, Hungerford et al, 1986, Brown et al, 

1987, Prendiville et al, 1988, Brown et al, 1990, Darlow et al, 1992). In  the 

earliest description (Procianoy et al, 1981), IVH was diagnosed on CT scan or on 

clin ica l criteria. In  tlie ir  survey, 12 infants o f b irthw eight <1500 gm 

developed cicatricial ROP and 9 o f tlrem had IVH compared w ith  23 infants w ith  

IVH in  the group w ithout ROP (n=126). More recently the development of 

ultrasound techniques to visualise the bra in  in  preterm  infants has made i t  

possible to diagnose IVH at an early stage and has also shown other 

abnormalities before symptoms have been manifest eg ventricu la r dila tation, 

periventricu lar leucomalacia (Levene et al, 1985). An association has been 

reported between evidence o f hypoxic-ischaemic bra in  in ju ry  on CT scan or 

cranial ultrasound scan and the occurrence o f ROP (Hungerford et al, 1985)
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and a paper from  our group (Ng et al, 1989) has described findings o f severe 

periventricu lar leucomalacia and severe acute ROP in  six preterm  infants. 

Ventricu lar d ila ta tion  has been mentioned specifically in  one study 

(Prendiville et al 1988) in  which i t  was found not to be significantly associated 

w ith  ROP. Otherwise there is lit t le  in  the lite ra ture concerning cranial 

ultrasound appearances and the ir relationship to ROP.

C o n v u ls io n s /S e iz u re s

Seizures may be associated w ith  in tracran ia l events such as IVH, and i t  m ight 

be expected that there could be a relationship between these and ROP. W hilst 

some workers have described an association between ROP and the occurrence 

o f seizures (Biglan et al, 1984, Brown et al, 1987) others have not found there 

to be one (Hammer et al, 1986).

P ers is ten t D uctus A rte rio su s  (PDA)

Since the presence o f a PDA may affect the cerebral and hence the re tina l 

circulations, pa rticu la rly  i f  there are c lin ica l signs o f c ircu la tory strain, i t  

has been suggested that there may be a relationship between the development 

o f ROP and PDA. A number o f studies have suggested that there is an 

association (Katzman et al, 1982, Flynn, 1983, Biglan et al, 1984, Purohit et al, 

1985, Hammer et al, 1986, Darlow et al, 1992). Others have reported that there 

is no significant association (Yu et al, 1982, Brown et al, 1987, Prendiville et 

al, 1988). Since the signs o f cicatricia l ROP are often asymmetrical although 

the acute disease is usually symmetrical i t  is tempting to speculate whether the 

presence o f a PDA and its haemodynamic consequences bears any relationship 

to this difference between the acute and scarring stages o f ROP. There is very 

lit t le  in  the lite ra ture which addresses this question.
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D u ra tio n  o f Assisted V e n tila t io n

W ith the development o f assisted ventila tion  techniques fo r supporting 

preterm  infants w ith  resp ira tory d ifficu lties, pa rticu la rly  from  resp ira tory 

distress syndrome, several studies from  neonatal intensive care centres have 

reported an association between the duration o f ventila tion and ROP 

(Shahinian et al, 1978, Gunn et al, 1980, Flynn, 1983, Bossi et al, 1984,

Hammer et al, 1986, Hungerford et al, 1986, Brown et al, 1987, Prendiville et 

al, 1988, Darlow et al, 1992). Ventilator treatment fo r more than 28 days has 

been reported to be significantly associated w ith  ROP (Brown et al, 1990).

Other workers have not found such an association (Yu et al, 1982, Shohat et al, 

1983, Koerner et al, 1986).

D u ra tio n  o f Oxygen T rea tm en t

Several studies have shown a significant association between the time spent in  

added oxygen and the development o f ROP (Gunn et al, 1980, Sacks et al, 1981, 

Flynn, 1983, Bossi et al, 1984, Hammer et al, 1986, Hungerford et al, 1986, 

Prendiville et al, 1988, Darlow et al, 1992). Other workers have shown that 

there is no difference in  dura tion  o f oxygen treatment in  infants w ith  or 

w itlio u t ROP (Yu et al, 1982). In  other studies when the duration o f oxygen 

therapy has been controlled for, other factors then appear to become 

significant (Sacks et al, 1981, Flynn, 1983, Biglan et al, 1984, Bossi et al, 1984, 

Purohit et al, 1985, Hammer et al, 1986).

A p n o e a s

A num ber o f investigators have reported an association between the 

occurrence o f apnoeas and ROP (Flynn, 1983, Purohit et al, 1985, Hungerford 

et al, 1986, Hammer et al, 1986, Brown et al, 1987). Others have considered 

on ly those apnoeic episodes which have required resuscitation (eg w ith  bag 

and mask) and have also found an association between these and ROP (Gunn et
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al, 1980, Katzman et al, 1982, Shohat et al, 1983, Darlow et al, 1992). The 

concentration o f oxygen given during resuscitation has no t been stated except 

in  the study reported by Shohat and colleagues (Shohat et al, 1983) in  which 

they stated tha t there was no difference in  the oxygen concentration given 

w ith  bag and mask treatment o f apnoea compared w ith  that which the in fan t 

was being given otherwise.

B ra d y c a rd ia s

A few studies have described an association between the occurrence o f 

bradycardias and the development o f ROP (Flynn, 1983, Brown et al, 1987).

One study reported that bradycardias on the ir own d id not have an effect on 

the occurrence o f ROP bu t there was an association i f  linked w ith  apnoeic 

spells (Purohit et al, 1985).

B lood T ransfus ions

Replacement o r top-up transfusions are frequently given to preterm  infants, 

especially to those who are ill. Since replacement transfusions are always o f 

adult blood, there is a possib ility that increasing the proportion  o f adult 

haemoglobin and thus tlie  oxygen-carrying capacity w ill produce the effects 

of hyperoxaemia on tissues including the retina (Lucey et al, 1984). W ith the 

developments in  neonatal intensive care, several workers have reported an 

association between ROP and transfusions (Gunn et al, 1980, Sacks et al, 1981, 

Yu et al, 1982, Flynn, 1983, Shohat et al, 1983, Biglan et al, 1984, Bossi et al, 

1984, Hammer et al, 1986, Prendiville et al, 1988, Darlow et al, 1992). One 

study has however reported that transfusions were not significantly associated 

w ith  ROP (Brown et al, 1987).
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UNIVARIATE and MULTIVARIATE ANALYSIS IN ROP STUDIES

U ntil the last decade, analysis o f the possible factors associated w ith  ROP has 

been o f the univariate type, i.e. considering the variable on its own in  re lation 

to the outcome. However each variable may be dependent on several others 

and its contribution to the outcome may in  fact be dependent on the effect of 

these other factors (confounding variables).

To overcome these d ifficu lties which are common to many medical and 

biological conditions, statisticians have devised methods o f identify ing 

independent variables, using techniques such as m ultivaria te  regression 

analysis. Some o f the lim ita tions o f m ultivaria te analysis have been explained 

clearly by Davey Smith and Phillips (Davey Smith et al, 1992).

A number o f authors have used these models to attempt to iden tify  the 

independent variables associated w ith  ROP (Flynn, 1983, Bossi et al, 1984, 

Hammer et al, 1986, Koerner et al, 1986, Ng et al, 1988, Prendiville et al, 1988, 

Brown et al, 1990, Darlow et al, 1992). In  almost all o f these studies, either 

b irthw eight o r gestational age or both appear as the^most powerful 

independent variables.

However when i t  comes to other independent variables, there is much less 

agreement.

Flynn was the firs t to use m ultivariate analysis in  the study o f ROP (Flynn,

1983). He studied 639 infants o f b irthweight a 1500 gm. and used paediatric 

data from  a retrospective survey o f the ir charts. The outcome variable was the 

presence o f acute pro life ra tive  ROP and he used univariate analysis and then a 

method o f m ultivaria te analysis called logistic risk analysis. In  his study 

Flynn stra tified  the infants in to  three b irthw e ight groups, those weighing
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< 1000 gm., those weighing 1000 - 1249 gm. and those weighing 1250 - 1500 gm. 

In this study, the smallest infants appeared to have the least number o f 

independent variables associated w ith  the risk o f occurrence o f ROP (race, 

apnoeas/bradycardias) although as Flynn pointed out they were much more 

like ly  than the larger infants to have a ll the medical conditions o f preterm  

b irth , such as respiratory distress syndrome, prolonged ventila tion  and 

exposure to extra oxygen, in traven tricu la r haemorrhage and numerous blood 

transfusions.

For the bigger infants in  the study there were several significant variables 

associated w ith  the risk  o f ROP occurring (birthweight, female sex, 

apnoeas/bradycardias, duration o f ventila tion, gestational age). Flynn 

suggested that although they are less like ly  to suffer the medical 

complications o f premature b irth , when they do, the ir risk o f developing ROP 

is increased. The variable o f duration o f ventila tion could be considered to be 

a m arker o f such illness, since infants w ith  conditions such as respiratory 

distress syndrome and apnoeas/bradycardias often require ventilation.

Bossi and coworkers (Bossi et al, 1984) analysed the data from  a cohort o f 

infants w ith  ROP, matched w ith  contro l infants fo r gestational age, 

birthweight, date o f b irth  and hospital u n it (to ta l o f 57 pairs studied). 

Univariate analysis to test the difference in  frequency o f the various 

variables in  ROP infants compared w ith  controls, as well as m ultip le  linear 

regression analysis using a backward e lim ination procedure was used, w ith  an 

outcome variable o f severity o f ROP. The same variables which were selected 

on pathophysiological grounds were used in  both analyses. The results o f the 

univariate analyses gave significance to a number o f variables which were 

no t demonstrated in  the m ultip le  regression analysis. Six significant variables 

were found on the regression analysis: acidosis (pH < 7.25), m ultip le  b irth .
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PaC02 < 30 to rr (negative partia l correlation), high FiOz levels, total duration o f 

ventilation, and birthweight. The variables o f acidosis, low  PaCOz, high FiOz 

and duration o f ventilation could be considered to be "illness" variables - 

measures o f the metabolic consequences o f and interventions o f illness. The 

infants studied by Bossi et al had birthweights w ith in  the range o f < 1500 gm. 

to > 2500 gm. and were selected by d ifferent criteria  to those used by Flynn.

In the ir study. Hammer and colleagues (Hammer et al, 1986) used a stepwise 

logistic regression analysis. They studied 328 infants who had had ophthalmic 

examinations. They had wide inclusion criteria, including those infants who 

had extra oxygen fo r more than eight hours so that the ir cohort ranged in  

b irthw eight from  630 to 4150 gm. Like other authors, they used univariate 

analysis to determine possible significant variables which were then entered 

in to  the regression analysis. The outcome variable was acute ROP. Ventilator 

time was found to be the most h igh ly  correlated w ith  acute ROP, followed by 

xanthine adm inistration, b irthw eight and maternal bleeding. They noted that 

when ventila tor time was entered in to  the model and its effect controlled for, 

then several o f the h igh ly  significant covariables found on univariate 

analysis lost the ir significance (such as hours in  oxygen). These workers 

pointed out that the stepwise procedure may have overestimated the 

significance o f some o f these factors and the results should be interpreted 

w ith  caution. Once again b irthw eight and duration o f ventila tion were 

associated w ith  the occurrence o f ROP.

Further work by Koerner and coworkers (Koerner et al, 1986) using data from  

the same cohort studied previously (Bossi et al, 1984) employed linear 

regression analysis to examine the effect o f gestational age on the predictive 

value o f certain variables on the severity o f ROP. Entering the same variables 

in to  the model fo r each o f the two gestational age groups (those infants <32
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weeks and those o f 32 - 40 weeks) they found that there was a difference in  the 

results. In the less mature group, the significant variables were acidosis 

(pH < 7.25), hyperoxia (Pa02 > 100 to rr), gestational age, PaC02 fluctuations, and 

m ultip le b irth . The number o f low  PaC02 levels showed a negative correlation. 

By contrast, the significant variables in  the more mature group were m ultip le  

b irth  and acidosis. Neither high Fi02 levels, transfusion, mechanical 

ventila tion  nor hypercapnia seemed to be significant in  either group. These 

workers suggested that these results demonstrated that the significance o f 

these variables in  the development o f ROP is affected by the m atu rity  o f the 

re tina .

A prospective study reported from  the Hammersmith Hospital, London, 

(Prendiville et al, 1988) considered 34 possible risk factors in  the development 

o f ROP. These workers used stepwise logistic regression analysis to determine 

the independent variables associated w ith  two outcome variables, namely, the 

development o f ROP and its progression to stage 3 or 4 disease. 117 infants o f 

< 31  weeks gestation were studied. The variables which were found to be 

independently associated w ith  the development o f ROP were acidosis (number 

o f episodes o f pH < 7.2), gestational age, and the number o f episodes when 

Pa02 > 12  kPa. Acidosis, Pa02 > 1 2  kPa, and the occurrence o f pneumothorax in  

the period before the appearance o f stage 1 ROP were independently associated 

w ith  the development o f advanced disease. However, after the appeai'ance of 

stage 1, there was no difference in  exposure to any o f the risk factors between 

the infants w ith  m ild  disease and those w ith  advanced disease. From the ir 

results these authors thought that i t  was the severity o f the early insu lt to the 

re tina ra ther than prolonged or la ter insults which determ ined progression o f 

the disease.
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Another prospective study (Brown et al, 1990) used m ultivariate analysis, 

considering on ly birthw eight, oxygen exposure (number o f days), ventila to r 

treatm ent (num ber o f days) and in traven tricu la r haemorrhage (cranial 

ultrasound, Papile classification). Each o f these fou r variables was examined 

w hilst simultaneously contro lling fo r the other three. In  this analysis i t  was 

found that ventila to r time was the on ly  significant variable which was 

associated w ith  severe ROP. The authors suggest a number o f possible reasons 

fo r this, and make the po in t that a large number o f covariates can be 

associated w ith  ROP when the analyses are not controlled fo r confounding 

variables.

In a prospective study carried out in  New Zealand which comprised a ll infants 

born in  that country in  1986 who weighed < 1500 gm., risk factors fo r ROP were 

studied using m ultip le  logistic regression analysis (Darlow et al, 1992). These 

workers found three variables w hich made statistically significant 

independent contributions to the risk o f developing any acute ROP. These 

were gestational age, p rinc ipa l hospital caring fo r the in fan t, and treatment 

w ith  indomethacin. The risk o f developing stage 2 or more ROP was associated 

w ith  two independent variables, which were gestational age and hospital.

These papers demonstrate the d ifficu lties o f identify ing  independent variables 

amongst all those which could be considered since many o f these variables are 

markers o f illness and are thus interrelated. The results o f such analyses also 

depend to some degree on which variables are chosen fo r inclusion in  the 

m ultivariate model.



30

CHAPTER 2 - METHODS

At the time this study was undertaken, a ll the ophthalm ic examinations in  the 

five neonatal units serving Leicester, Nottingham and Derby were carried out 

by one ophthalmologist, M r Fielder. W ith in  the time available on the project 

grant, and taking in to  account the like ly  number o f preterm  births i t  was 

thought that a prospective survey o f 500 infants would be possible. The 

pro ject was funded by the Medical Research Council and ethical permission 

was obtained from  the ethical committees o f the Leicester, Nottingham and 

Derby hospitals fo r this work to be carried out. Between July 1st 1985 and May 

31st 1987 infants admitted to each o f these five units were included in  the study 

i f  they had a b irthw eight o f 1700 gm or less and survived at least three weeks, 

which was the age at which the f irs t eye examination took place. B irthweight 

was chosen as crite rion  o f p rem aturity  fo r entry in to  the study because i t  is an 

objective measure. Gestational age was more d ifficu lt to be precise about, 

there being a number o f d iffe ren t ways o f assessing it, and therefore i t  was 

thought no t to be suffic iently clearcut to be an entry criterion. In  this study 

the gestational age recorded was that which fitted  all the available 

in form ation from  the m other and from  obstetric records. I f  there was a 

discrepancy, a clin ical assessment was made using the method described by 

Dubowitz and colleagues (Dubowitz et al, 1970).

O p h th a lm o lo g ic a l E xa m in a tion s

The protocol fo r these was drawn up by M r Fielder who carried out a ll the 

examinations. The firs t examination was carried out at 3 weeks o f age. 

Subsequent examinations were perform ed at weekly intervals while the in fan t 

was on the neonatal un it, fo rtn ig h tly  after discharge u n til the age o f 12 weeks, 

and thereafter as c lin ica lly indicated. A fina l assessment was performed at 6 

months corrected age (that is corrected fo r prem aturity, therefore age is
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calculated from  estimated date o f delivery). Retinal examination was carried 

out by ind irect ophthalmoscopy after pup illa ry  d ila ta tion w ith  cyclopentolate 

0.5% w ith  or w ithout phenylephrine 2.5% eyedrops. Before tire age o f 12 

weeks, topical anaesthesia, an eyelid speculum and scleral indentor were also 

used to rotate the eye and allow the peripheral re tina to be examined over its 

entire circumference. The findings o f each examination were recorded on a 

standard fo rm  (appendix 1) according to the in ternational classification o f ROP 

(Committee fo r the classification o f ROP, 1984) fo r the acute stages and the 

Reese classification (Reese et al, 1953) fo r cicatricia l disease (see table).

E p id e m io lo g ica l S tudy

For this part o f the project, infants who satisfied the en try criteria  and whose 

mothers lived w ith in  the boundaries o f Leicestershire, Nottingham and 

Southern Derbyshire Health Authorities were studied. Demographic 

in form ation fo r each in fan t was collected on a standard fo rm  (appendix 2). To 

iden tify  any eligible infants born during the study period who had not been 

examined, health au tho rity  b ir th  no tifica tion  data (b irthw eight specific) were 

reviewed.

Paed ia tric  Factors S tudy

A ll infants who fu lfille d  the en try crite ria  and fo r whom paediatric data were 

available were studied in  this part o f the survey. It was planned that 

paediatric data would be collected fo r each in fan t who was entered in  the 

project. Unfortunately because o f illness 1 lost some time and the infants who 

were entered during this period d id  not have paediatric data collected. 

Demographic in form ation, details o f the antenatal and in trapartum  periods 

and neonatal events including blood gas and biochemical results were 

recorded using a standard form  (appendix 2). The in form ation was obtained 

from  hospital records, medical and nursing observation charts and from  the
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mothers o f the infants (maternal questionnaire, appendix 3) . The data were 

collected by myself w ith  help la ter on in  the study from  two assistants. None 

o f us were involved in  the clin ica l management o f the infants and since this 

was a prospective study we were unaware o f the ophthalm ic status o f the 

children. Data were collected fo r the duration o f the in fant's stay in  these 

units, up to a maximum of 12 weeks.

P e rin a ta l da ta

In form ation regarding the course o f pregnancy was obtained from  antenatal 

records. In  particu lar, data regarding maternal health, evidence o f 

pregnancy-induced hypertension, antepartum  haemorrhage and maternal 

drug ingestion were recorded. Inform ation about the labour and delivery was 

also obtained from  the mother's records, fo r example whether fetal distress 

was noted (presence of persistent dips in  fetal heart rate, meconium-stained 

liquor, fetal pH measurements i f  done), type o f delivery, Apgar scores at 1 and 

5 minutes, and whether resuscitation was given.

N eonata l Data

1 ) C ra n ia l u ltra s o u n d  exam ina tions

Cranial ultrasound scans were carried out at three o f the neonatal units 

(Leicester Royal In firm ary, Nottingham City Hospital, Derby C ity Hospital). A t 

Leicester Royal In firm ary  (LRl) and Nottingham City Hospital (NCH) an ATL 

Mark 3 real-time sector scanner fitted  w ith  a 5 MHz and 7.5 MHz scanhead were 

used and at Derby City Hospital (DCH) a GE scanner w ith  a 5 MHz scanhead was 

used. A t NCH and at DCH the scans were performed once a week by one 

observer (myself) fo r the firs t fou r weeks and then at 4 week intervals w ith  a 

fina l scan at discharge. A t LRl where there was a m ajor research interest in  

neonatal cranial u ltrasound scanning, examinations were sometimes 

perform ed more frequently and there was more than one observer doing the
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scans. The findings were recorded onto video tape or on Polaroid film  and 

were graded (see table) using the method o f Levene fo r haemorrhage and 

ventricu la r d ila ta tion  (Levene, 1981). Periventricular leucomalacia (PVL) was 

scored as described by Trounce (Trounce et al, 1986).

2 ) V e n t i la t io n

Nursing observation records were scrutinised fo r details about the ventila to ry  

support given - duration and type o f support (in te rm itten t positive pressure 

ventila tion  IPPV, in te rm itten t m andatory ventila tion  IMV, continuous 

positive airways pressure CPAP), settings o f the ventila to ry support as a 

reflection o f severity o f tire respiratory disease, amount o f oxygen 

requirem ent as expressed by the fractiona l inspired oxygen (Fi02), and the 

duration o f oxygen supplementation as well as the number o f days spent at 

d iffe ren t Fi02-

3 ) O xygen

In addition to the details described in  2), 1 recorded the number o f intubations 

carried out w ith  each in fan t during each week tlrat the in fan t was on the 

neonatal unit, up to tire firs t 12 weeks after b irth . A t the time o f this study, 

none o f the neonatal units were yet fitte d  w ith  a system which could deliver 

the same oxygen concentration through the resuscitation equipment as that 

which the in fan t was receiving through the ventila tor. Therefore 1 thought 

i t  would be im portan t to know how frequently each in fan t was receiving 100% 

oxygen during reintubations. For sim ilar reasons, any episodes o f apnoeas 

(lasting longer than 15 seconds), bradycardias (heart rate < 80 per m inute) or 

cyanosis (unrelated to apnoea or bradycardia) which required oxygen were 

recorded, as well as the age at which these occurred. The method of 

m onitoring the in fant's oxygenation was recorded, whether continuously 

through an um bilica l arte ria l catheter w ith  oxygen probe (Searle), or semi-
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continuously w ith  a transcutaneous oxygen m onito r (TcPOz) or in te rm itten tly  

w ith  a peripheral a rteria l line. A ll blood gas results were recorded, whenever 

a sample was taken, and simultaneous readouts from  the continuous oxygen 

monitors were also noted i f  these were in  use. An attempt was also made to 

record all TCPO2 readings.

4 ) N eona ta l illn e ss

Respiratory illness was recorded by type o f in itia l disease, fo r example 

id iopath ic respiratory distress syndrome (IRDS), pneumonia, meconium 

aspiration.

Whether a pneumothorax occurred in  the firs t fou r weeks o f life  was also 

noted together w ith  the tim ing, the side o f the a ir leak, and the num ber of 

drains required fo r adequate treatment.

Jaundice was noted by recording the maximum serum b iliru b in  levels during 

the f irs t three weeks after b irth , and the duration o f phototherapy. 

Transfusions were recorded, the volumes o f both blood and plasma and when 

they were given. In add ition  the haemoglobin was noted whenever a sample 

was taken.

Convulsions were recorded whenever they occurred, using clin ical criteria. 

The presence o f a persistent ductus arteriosus which required treatment was 

noted, as well as the type o f treatment (flu id  restriction, indomethacin or 

frusemide, or surgical ligation) and the age when treatment was started. 

Biochemical data relating to plasma levels o f sodium, potassium, urea, 

creatinine and calcium were noted. Hypoglycaemia (BMstix <1 .1  mmol) was 

also recorded, as was in form ation relating to feeding and drugs.
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S ta tis tic a l Ana lyses

The data were coded (appendix 4) and analysed in it ia lly  using the statistical 

package SPSS. Only data fo r the firs t 3 weeks o f life  were used because after 

this time many infants were discharged from  hospital and because this was the 

time at which the firs t ophthalmological examination took place. The 

association between 33 paediatric variables (Table 28) and both the incidence 

and worst stage o f ROP was in it ia lly  analysed using univariate tests (Kruskal- 

Wallis analysis o f variance, the Mann-W hitney test o r test as appropriate).

Variables thus found to be significant at the 1% level (reduced from  

conventional 5% level because o f m ultip le  tests) were then entered in to  an 

appropriate m ultivaria te  model: dichotomous logistic regression, using the 

statistical package GLIM, fo r incidence o f ROP; and ord ina l logistic regression 

w ith  the proportional odds model (McCullagh, 1980), using the statistical 

package PLUM, fo r stage o f ROP. A stepwise procedure was employed whereby 

at each stage a variable was added to the model i f  i t  was significant at the 5% 

level, or deleted i f  i t  was not.

Sim ilar analyses were perfomed fo r a fu rth e r 2 variables (abnormal cranial 

ultrasound and number o f blood gases) on the reduced numbers (n=288 and 

n=257 respectively) fo r whom these data were available.
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C lass ifica tion  o f  ROP

Acute ROP (Committee fo r  the classification o f re tinopathy o f prem aturity,

1984)
stage 1 demarcation line ly ing w ith in  the plane o f the re tina at the

junction  o f the vascularised and avascular re tina 

stage 2 ridge; the demarcation line extends out o f the plane o f the retina

stage 3 ridge w ith  extrare tina l fibrovascular p ro life ra tion

stage 4 re tina l detachment

C icatric ia l ROP (Reese et al, 1953)

stage 1 small mass o f opaque tissue in  the periphery o f the fundus w ithout

visib le re tina l detachment 

stage 2 larger mass o f opaque tissue in  the periphery o f the fundus w ith

localised re tina l detachment; some re tina l traction may be present 

stage 3 large mass incorporating a traction re tina l fo ld  to the optic disc

stage 4 re tro lenta l tissue covering pa rt o f the pup illa ry  area

stage 5 re tro len ta l tissue covering the entire pup illa ry  area
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G rad ing  o f C ran ia l U ltrasound  F ind ings

P e riven tricu la r leucom alacia (PVL) (Trounce et al, 1986) 
grade 0 no visib le changes
grade 1 persistent "fla re"; an echodensity in  the pe rivenh icu la r area

persisting fo r more than 2 weeks 
grade 2 precystic PVL; a triangular echodense area w ith  its apex ly ing at 

the lateral border o f the la tera l ventricle 
grade 3 cystic PVL; resolution o f tlie  echodensity in  grade 2 to form

discrete echofree cavities, representing cyst form ation

Haemorrhage (Levene et al, 1985) 
grade o no haemorrhage
grade 1 germ inal layer haemorrhage; echoes in  and around the region o f

the germ inal m atrix  
grade 2 in traven tricu la r haemorrhage; echoes w ith in  the la tera l

ventricles w ith  distension or form ation o f an in traven tricu la r clot 
grade 3 parenchymal haemorrhage; an echodense area invo lv ing the

ventricle and the surrounding parenchyma. There is complete 
loss o f the outline o f the ventricu la r structures.

V e n tricu la r d ila ta tio n  (Levene, 1981) 
grade 0 no d ila tation
grade 1 transient d ila ta tion
grade 2 persistent bu t non-progressive d ila tation; ven tricu la r index

increasing above the 97 th  c en tile  but tlien arresting and 
fo llow ing a norm al rate o f growth 

grade 3 progressive d ila ta tion  requ iring  treatment; ven tricu la r index
rap id ly  increasing and crossing the 97th centile, such that 
treatm ent was given 

grade 4 persistent asymmetrical d ila ta tion
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CHAPTER 3 - RESULTS OF EPIDEMIOLOGICAL STUDY

505 infants satisfied the en try  crite ria  and were studied. The median 

gestational age was 31 weeks (in terquartile  range 29-33 weeks; figure 1) and 

the median b irthw eight 1410 gm (interquartile  range 1140-1560 gm; figure 2).

Over the study period 3492 examinations were carried out, 2451 (70.2%) during 

the firs t 12 weeks o f life. Of the latter, a speculum and scleral indentation 

were used in  2419 (98.7%). 476 babies (94.3%) were seen two or more times and 

279 (55.2%) were examined five or more times in  that in itia l 12 week period 

(figure 3).

Acute ROP developed in  248 (49.1%) o f the 505 infants. The maximum stages 

reached (table 1) were: stage 1 in  150 infants (29.7%), stage 2 in  77 (15.2%), 

stage 3 in  19 (3.8%), and stage 4 in  2 (0.4%). The distributions o f the maximum 

stages o f acute disease according to gestational age and b irthw eight are shown 

in  figures 1 and 2. Greater severity o f acute ROP is significantly associated 

w ith  a low gestational age or birthweight. Resolution o f acute ROP was 

complete in  all 277 infants w ith  stage 1 or 2 disease.

Ideally, cicatricial ROP is determ ined at 4-6 months corrected age, bu t this was 

not always possible in  this study; 81 infants were lost to follow-up before 4.5 

months corrected age, including 20 who died. Cicatricial disease had already 

developed in  1 in fan t who died at 3 months corrected age; he is included in  the 

cicatric ia l group. The risk o f cicatric ia l changes developing fo r the 

remaining 60 infants was assessed as follows. For 14, outcome was uncertain 

owing to an insuffic ient number o f examinations. 37 were known to be 

norm al and not at risk - e ither acute ROP had undergone complete resolution, 

or the retina had become fu lly  vascularised w ithout retinopathy developing.
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A fu rthe r 9 were presumed norm al since m ild  ROP (stages 1 or 2) was resolving 

at the time o f the last examination. Thus adequate in form ation was available 

on 471 o f the orig inal 505 infants.

Although resolution occurred in  16 o f the 21 infants w ith  acute stage 3 o r 4 

ROP, cicatricia l ROP developed in  5 (1.1%) infants (nine eyes) in  this group 

(table 2); 1 in fan t had cicatric ia l disease in  on ly one eye. C icatricial changes 

were seen in  2.0% o f those w ith  acute changes, and 23.8% of infants w ith  stage 

3 or 4 disease. One eye o f 1 in fan t was treated by re tina l cryotherapy; this eye 

subsequently progressed to stage 3 cicatricia l disease. No in fan t is b lind  

because o f ROP.

Review o f b irth  no tifica tion  data from  Leicestershire, Nottingham, and 

Southern Derbyshire Health Authorities revealed a total o f 42 infants of 

b irthw eight 1700 gm or less, who had not been examined but met the maternal 

residence criteria  fo r this study. None o f these infants had been admitted to 

the neonatal units in  the study area; tliey  either had not been admitted to 

hospital or, being resident near a county border, had been cared fo r in  a un it 

outside the study area. There was 1 in fan t o f b irthw eight 751-1000 gm, 18 o f 

1001-1500 gm, and 23 o f 1501-1700 gm. The birthweight-specific incidences o f 

ROP found in  the examined babies were applied to these 42 infants. From these 

calculations an estimate was made o f the incidence and severity o f ROP fo r the 

total population o f 547 infants o f b irthw eight 1700 gm or less in  this 

geographically defined area. W ith the corrected estimate fo r the 547 infants, 

the estimated incidence o f acute ROP in  this area was 48.4% (264.8 infants), 

reaching a maximum o f stage 1 in  162.3 (29.7%), stage 2 in  80.8 (14.8%), and 

stage 3 or 4 in  21.7 (4.0%) infants. The incidence o f cicatricial ROP was 1.0%.
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There was no significant difference in  acute ROP data between boys and girls 

(table 3).

Data were also analysed according to ethnic origin. Of the cohort o f 505, 402 

(79.6%) were Caucasian (both parents), 64 (12.4%) were Asian (both parents) 

or Asian-caucasian mixed (n=4), and in  24 (4.8%) at least one parent was black. 

The remaining 15 infants (3.0%) were orienta l or other race not mentioned 

above, or this in fo rm ation  was either missing or unknown. A rb ita rily , mixed 

matings were grouped as Asian or black on the basis o f one parent.

Prematurity distributions fo r Caucasians and Asians d id  no t d iffe r 

significantly. For a fixed gestation Asians were not smaller than the ir 

Caucasian counterparts. Median gestational ages fo r Caucasian, Asian and 

black groups were 31.0. weeks, 31.0 weeks and 29.5 weeks, and median 

birthweights 1420 gm, 1410 gm and 1400 gm respectively. Acute ROP developed 

in  50.2% o f Caucasian infants, 48.4% o f Asian infants and 37.5% of black 

infants (table 3). There was a disproportionate tendency fo r stage 3 or 4 

disease to develop in  Asian infants (14.1% vs 2.7% in  Caucasians). Of the 4 

infants w ith  mixed Caucasian-Asian parentage, the m other was Caucasian in  2; 

stage 3 /4  disease developed in  1 in fan t o f each combination. Although 

p rem aturity  d istributions fo r Caucasians and Asians d id  not d iffe r 

significantly, any slight difference must be controlled for. A table o f 

frequencies fo r the 490 infants (excluding the 15 from  small ethnic groups), 

subdivided by stage o f worst ROP, gestational age group, and ethnic orig in, was 

produced and various log-linear models were fitted. When all other 

significant associations in  the table were taken in to  account, the stage o f ROP 

was significantly related to the race o f the in fan t (X2 = 15.56, 6df).

To determine the survival rate fo r Caucasians and Asians, the data relating to 

the number o f infants w ith in  our b irthw e ight category who died before the 3
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weeks o f age and therefore d id  no t enter the study were analysed. 466 Asian 

and Caucasian infants survived 3 weeks and 118 d id  not (10 Asian), giving 

crude estimates o f 3 week survival in  the two groups o f 78.8% and 86.5% 

respectively. Again contro lling  fo r any differences in  p rem atu rity  

(b irthw eight and gestational age), survival to 3 weeks was significantly 

associated w ith  the race o f the in fan t (logistic regression Asian infants 

survive better p = 0.04). From the model an estimate o f the relative risk o f 

Asian to Caucasian 3 week survival was obtained, which was 2.5 w ith  a 95% 

confidence in terva l o f 1.05 - 5.92. Thus, fo r the same degree o f prem aturity 

Asian infants are on average 2.5 times more like ly  than Caucasian infants to 

survive this period.
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Figure 1 - Presence and stage of ROP according to gestational age group
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Figure 2 - Presence and stage of ROP according to birthweight group
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Figure 3 - Number of eye examinations in first 12 weeks of life
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Table 1 - M axim um  stage o f acute ROP reached in  248 in fan ts  

(n=505)

Acute ROP No o f in fan ts  (%)

1 150 (29.7%)

2 7 7 U S ^ ^

3 1 9 ^a % )

4 2(04% )
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Table 2 - Grade o f c ica tric ia l ROP in  5 affected in fan ts

I n f a n t  B ir t h w e ig h t  G e s ta tio n a l Grade c ic a tr ic ia l ROP
(gm) age (weeks) R ight Left

1 910 26 2 3

2 1300 27 3* 0

3 880 25 3 1

4 1180 28 3 1

5^ 990 27 3 2

Cryotherapy carried out. Died aged 3 months corrected age.
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Table 3 - Acute ROP according to  sex and e thn ic  o rig in

N um ber (%) w ith  acute! ROP o f stage

Sex 0 1 2 3 /4

Male 133 (48.2%) 85 (30.8%) 45 (16.3%) 13 ( ^ ^ ^

Female 124 (54.1%) 65 (28.4%) 31 (14.0%) 8 ( 3.5%)

E th n ic  o r ig in

Caucasian 200 (49.8%) 129 (32.1%) 62 (15.4%) 11 ( 2.7%)

Asian 33 (51.6%) 11 (17.2%) 11 (17.2%) 9 (14.1%)

Black 15 (62,5%) 6 (25.0%) 2 ( 8.3%) 1 ( 4.2%)

T o ta l* 257 (50.9%) 150 (29.7%) 77 (15.2%) 21 ( 4.2%)

Includes 15 infants from  small ethnic groups or whose orig in  was unknown.
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CHAPTER 4 - DISCUSSION OF RESULTS OF EPIDEMIOLOGY STUDY

The results o f this study, the firs t prospective epidemiological study o f ROP in  

the UK fo r over 35 years, show that acute ROP is common, affecting almost ha lf 

o f the study infants, w ith  a significant association between severity and 

shorter gestation. Fortunately, most acute ROP underwent complete resolution 

and cicatricia l ROP developed in  only 2.0% o f those w ith  acute retinopatliy.

There is almost no in form ation available on the epidemiology o f ROP 

(Alberman, 1985). In the UK the most recent survey p rio r to this one was 

undertaken in  1953 before the modern era o f neonatal intensive care (Medical 

Research Council, 1955). Its results cannot be d irectly  compared w ith  recent 

findings, since examination techniques, ROP classification, and the nature o f 

the preterm  population have all changed substantially. Two retrospective 

community-based studies o f low  b irthw e ight survivors have been carried out 

in  Canada (Saigal et al, 1982 and 1984). Ophthalmology was only one aspect o f 

these studies and the acute findings cannot be d irectly  compai'ed w ith  ours 

because they used a d iffe ren t classification system. The firs t study (Saigal et 

al, 1982) o f infants w ith  birthweights o f 1500 gm. or less born between 1973 

and 1978, found an incidence o f blindness o f 3.7%. In the second study (Saigal 

et al, 1984) infants o f b irthw eight 1000 gm and less born between 1977 and 

1980 were studied and an incidence o f 7% was reported. The only prospective 

population-based study to date was done in  New Zealand (Dariow et al, 1988) in  

which the incidence o f ROP was assessed fo r a ll very low  b irthw eight (below 

1500 gm) infants born in  that country over a year. Of the 337 survivors w ith  

birthweights below 1500 gm, 313 (93%) were examined. The frequency o f 

examination was low, and on ly 88 (28%) had more than two examinations, 

compared w ith  94.1% in  our study. The incidence o f acute ROP was low at 19.9% 

fo r infants o f b irthw eight below 1500 gm and 49.0% fo r those w ith
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b irthw eight below 1000 gm. Although details o f less severe cicatricia l disease 

in  the New Zealand study are s till being collated, Darlow reported total 

blindness in  6 infants (2.0%), whereas in  our study no in fan t was b linded by 

ROP.

We have also compared our results w ith  those fo r sim ilar b irthw eight groups 

in  fou r hospital-based studies (Keith et al, 1984, Reisner et al, 1985, Flynn et 

al, 1987, Schaffer et al, 1985; see table 4). The incidence o f acute disease is 

consistently higher in  our study. Since all these studies used the current 

in ternationa l classification o f acute ROP, diagnostic crite ria  are un like ly  to be 

an im portan t cause o f these differences. Differences in  the tim ing and 

frequency o f examinations, and the duration o f follow-up in  early postnatal 

life  are like ly  to be more im portant. Follow-up in  large te rtia ry  re ferra l units 

is inevitably incomplete, an aspect not relevant to our study since a ll our 

babies were cared fo r w ith in  the study area. The examination protocol fo r our 

study was the most rigorous we have encountered and almost certa inly 

accounts fo r the high incidence o f tire m inor, transient acute changes which 

m ight no t have been iden tified  i f  examinations had been less frequent, o r i f  

an eyelid speculum and scleral indentation had not been used. In 1981 Palmer 

considered the optimum time fo r a single screening examination fo r acute ROP 

to be at 7-9 weeks. Had we adopted the strategy o f a single (Palmer, 1981) or an 

in itia l examination (Darlow, 1988) at 6-9 weeks, we would have missed many 

cases o f acute ROP. Thus fo r a single examination at 6, 7, 8 or 9 weeks 52%, 43%, 

39%, and 40% o f acute ROP would have been missed in  our babies of 

b irthw eight below 1500 gm. It could be argued that we have quoted Palmer out 

o f context, since he advised this time fo r a single examination fo r the purpose 

o f service screening fo r substantial ROP, whereas our aim was to determine 

tire incidence o f a ll stages o f acute ROP. Nevertlaeless, the po in t remains; to
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determine accurately the incidence o f acute ROP, frequent examination is 

necessary.

In contrast to our high incidence o f acute retinopathy, the incidence o f 

cicatricial ROP in  this study is low  compared w ith  other studies and 

substantially below the estimate o f Phelps (Phelps, 1981). I t  is more d ifficu lt to 

examine an older in fan t than a newborn, and i t  is not appropriate to use an 

eyelid speculum, so m inor degrees (stage 1) o f cicatricial changes may be 

missed. However, this factor is common also to other studies. The reasons fo r 

our low  incidence o f cicatricia l ROP are no t known but possibilities include: 

differences in  the survival rate fo r the most immature newborn infants, 

variations o f neonatal management, and environmental and ethnic 

influences. In  this respect, comparison o f hospital-based and comm unity 

population-based studies is inappropriate.

These results show that there are ethnic differences in  acute ROP. In our 

cohort, although prem aturity  d istributions fo r Caucasians and Asians d id  not 

d iffe r significandy and fo r a fixed gestation Asians were no t smaller than 

the ir Caucasian counterparts, the fo llow ing significant associations were 

noted. Black infants had shorter gestations, bu t any stage o f ROP was less 

like ly  to develop. Stage 3 disease was more like ly  to develop in  Asian infants. 

One possible explanation fo r this find ing is that Asians, fo r a fixed level o f 

prem aturity/sickness, survive better, although Clarke and colleagues' study in  

Leicestershire (Clarke et al, 1988) suggested the opposite. We found that fo r 

die same degree o f p rem aturity  Asian infants are on average 2.5 dmes more 

like ly  than Caucasian infants to survive the neonatal period. The only 

comment we have been able to trace on racial differences in  ROP is a study 

which reported a higher incidence o f stage 1 but not o f stages 2 and 3 acute 

ROP in  Bedouin than Jewish infants (Monos et al, 1987).
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Most studies have used b irthw eight as tlie  ind icator o f prem aturity.

Birthweight is positive ly correlated w ith  gestational age and in  many 

instances i t  would be reasonable to use b irthw eight in  this way. An in fan t is 

always measured at b ird i and i t  is an objective value, provided that the scales 

are accurate and that tlie  measurement is carried out in  a standard way. 

However d ifficu lties arise when an in fan t is small or large fo r gestational age. 

It could be argued that gestational age would be a more relevant measure to 

obtain in  studies o f ROP since the condition appears to be a disease o f tlie 

im m ature retina.

There are a number o f ways in  which gestational age can be measured.

Firstly, an estimate can be obtained from  the mother's "dates" i.e. the date of 

the last menstrual period and knowledge o f her menstrual cycle. Secondly, the 

result o f an ultrasound scan early in  the pregnancy may be he lp fu l 

(Robinson, 1973), especially when tlie re  is agreement w ith  the "dates". This 

m etliod was o f course not available generally u n til the la ter 1970s. Th ird ly , 

the gestational age can be assessed by clin ical examination o f the newborn 

infant. A number o f methods have been published, the one most often used 

being that described by Dubowitz et al (Dubowitz et al, 1970) by which the 

gestational age to w ith in  2 weeks is obtained by scoring o f a number o f 

external and neurological characteristics. However there were no infants 

below 28 weeks' gestation in  the series studied by Dubowitz which makes i t  

unhe lp fu l fo r the extremely low b irthw e ight infants adm itted to neonatal 

units nowadays. Whatever methods are used to assess prem aturity, whether 

gestational age or b irthweight, i t  is clear that there is a close relationship 

between incidence and severity o f ROP and preterm  b irth .
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I t  is recognised that even w ith  meticulous neonatal care advanced stages o f 

ROP s till occur. From the low  incidence o f cicatricial disease found in  this 

study, i t  could be construed that ROP is no longer a substantial clinical 

problem. Unfortunately, as many studies have shown, this conclusion would 

be incorrect. Visual im pairm ent caused by ROP s till occurs; this is particu la rly  

im portan t since the survival o f the in fan t most at risk is on the increase 

(Valentine, 1989).
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Table 4 - Com parison o f inc idence o f acute and c ica tr ic ia l ROP in  

fo u r  hosp ita l-based studies and th is  s tudy

ROP inc idence 

(%)

This study 

ROP in c idence  

(%)

Country B ir t h w e ig h t n A c u t e Cicatricial n A c u t e C ic a tr

(gm)

A u s t ra l ia ! <1000 108 53.0 19.0 70 88.5 4.3

USA2 5:1300 214 55.6 4.2 205 75.4 2.4

USA3 g 1500 328 48.1 7.0 331 60.1 1.5

Is ra ë l^ ^1500 464 34.9 9.0 331 60.1 1.5

NZ5 g 1500 313 19.9

NZ5 <1000 49.0

1 Keith et al, 1984, 2 Flynn et al, 1987, 3 Schaffer et al, 1985, 4 Reisner et al, 

1985, 5 Darlow et al, 1988
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CHAPTER 5 - RESULTS OF PAEDIATRIC FACTORS STUDY

419 infants satisfied the en try criteria  and also had paediatric data collected. 

The worst stage o f ROP seen in  those infants is shown in  table 5.

C ran ia l u ltra so u n d  data

321 infants (77%) had cranial ultrasound examinations. The ultrasound 

findings and the worst stage o f ROP seen are shown in  tables 6 to 8.

1) In tra c e re b ra l haem orrhage

197 (61.6%) o f the infants scanned showed no signs o f intracerebral 

haemorrhage on ultrasound scanning; 101 o f them (51.3%) had ROP. 72 

infants had germ inal layer haemorrhages on ly (22.5% o f the tota l scanned) 

and 42 o f them (58.3%) developed ROP. Of the 47 infants who had an 

in traventricu la r haemorrhage (IVH) on scan (14.7% of a ll those scanned), 37 

developed ROP (78.7%). In  fou r infants (1.2%) parenchymal haemorrhage was 

seen on ultrasound scan and they all had ROP, two w ith  stage 3/4.

The occurrence o f any haemorrhage is s ignificantly associated w ith  the 

development o f ROP (5(2 = 28.7, 6df, p < 0.0001). I f  those infants who only

germ inal layer haemorrhage are included w ith  those who had no bleeding, 

the occurrence o f more severe bleeding (IVH or parenchymal haemorrhage) 

remains s ignificantly associated w ith  stage o f acute ROP (5(2 = 26.4, 3df,

p <0.001).

2) V e n tr ic u la r  d ila ta t io n

36 infants (11.2%) showed signs o f ventricu la r d ila tation on ultrasound 

scanning. In 22 o f these the increase in  ventricu lar size was transient and in  

this group 14 infants developed ROP. Of the remaining 14 infants whose 

ventricles were dilated on scan, two had persistent non-progressive d ila ta tion
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and both babies had stage 2 ROP, 11 had progressive d ila ta tion which required 

treatment of whom 7 developed ROP, and 1 in fan t had persistent asymmetrical 

d ilatation and developed stage 1 ROP.

3) P e r iv e n tr ic u la r  leucom a lac ia  (PVL)

Ultrasound evidence o f periventricu la r leucomalacia was seen in  52 infants 

(16.3%). Of these infants 39 (75%) also developed ROP. The scans o f 17 infants 

showed cystic PVL and 14 o f these children had ROP, five developed stage 1, 

five stage 2 and fou r had stage 3/4 . In 35 infants the ultrasound scans showed 

persistent echodensity in  the periventricu la r area, persisting fo r more than 2 

weeks (the so-called persistent "flare") and 25 o f these infants developed ROP. 

There is a significant association between the occurrence o f PVL and the st^ge 

o f acute ROP (%2 = 13.8,3df, p = 0.(X)3).

Table 9 shows the results o f summarising the data in to  two groups; the "normal 

scan findings" group which comprised the infants w ith  an intracerebral 

haemorrhage grade 0 or 1, ventricu lar d ila ta tion score o f 0 o r 1, PVL score o f 0, 

and the "abnormal scan findings group" which included those w ith  

intracerebral haemorrhage grade 2 or 3, ventricu lar d ila ta tion score o f 2, 3 or 

4, PVL score o f 1, 2 or 3. By this defin ition, 236 infants had norm al ultrasound 

scan appearances, 122 o f whom (51.7%) developed ROP. 85 infants had 

abnormal ultrasound findings and 62 (73%) developed ROP. There was a 

significant association between cranial ultrasound appearances and stage o f 

ROP (%2 = 23.92, 3 df, p < 0.001).

C ica tr ic ia l ROP and c ra n ia l u ltra so u n d  fin d in gs  

Six infants in  this cohort developed cicatricial ROP. Five had cranial 

ultrasound examinations and the findings are summarised in  table 10. The 

numbers are very small and cannot be tested statistically. However- i t  is
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interesting to note that haemorrhage was seen in  fou r o f these infants and 

three o f these had the more severe grades o f bleeding. In addition, two infants 

showed signs o f PVL; one also had ventricu la r d ila tation and the other in fan t 

showed persistent "flare".

S e iz u re s /C o n v u ls io n s

Inform ation on this variable was recorded fo r 418 infants. 15 (3.6%) had at 

least one convulsion, seven d id  no t develop ROP and eight had some degree o f 

retinopathy, fou r had stage 1,three stage 2 and one stage 3 /4 . Since the 

numbers were small, an association between overall incidence of ROP and 

presence or absence o f convulsions was tested fo r and none was found 

(%2= 0.00, ld f , p =  1.0).

Persistent ductus a rte riosus  (PDA)

81 o f the 419 infants (19.3%) had a PDA which required treatment either w ith  

flu id  restriction, indomethacin an d /o r surgical ligation. Of these infants, 62 

also had ROP, 21 had stage 1, 27 stage 2 and 14 stage 3 /4  (table 11). There was a 

significant association between the find ing  o f a PDA requiring treatment and 

stage o f ROP (%2 = 59.48, 3 d f, p < 0.001). 10 o f the 62 infants w ith  a significant

PDA and ROP had asymmetric eye signs in  the acute stages (table 12). 

C ica tric ia l ROP and PDA

Five infants w ith  paediatric data developed cicatricial ROP (table 13). Three o f 

these infants showed cicatric ia l changes in  both eyes, one in fan t in  the righ t 

eye and the f if th  ch ild  in  the le ft eye. Only two infants had a PDA requiring 

treatment, one w ith  cicatricia l ROP in  both eyes and the one w ith  changes in  

the le ft. These numbers are too small to analyse fo r any association between 

cicatricia l disease and PDA.
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D u ra tio n  o f assisted v e n tila tio n

This variable was expressed as the duration in  days o f in te rm itten t positive 

pressure ventila tion  (IPPV) an d /o r in te rm itten t m andatory ventila tion  (IMV) 

and on ly in form ation fo r the firs t three weeks o f life  was used (Table 14).

There is a statistically significant association between the number o f days o f 

assisted ventila tion and the occurrence and stage o f ROP.

D u ra tio n  in  oxygen

The details are shown in  table 15. The number o f days that extra oxygen was 

given in  the firs t three weeks was s ign ificantly associated w ith  ROP.

N um ber o f in tu b a tio n s

The tota l number o f intubations carried out in  the firs t three weeks was 

analysed in  relation to ROP. The results are shown in  table 16. There is 

evidence o f a statistica lly significant association.

B radyca rd ias  re q u ir in g  s tim u la t io n

Table 17 shows the occurrence o f ROP in  infants who had or d id not have 

bradycardias requiring stim ulation in  the firs t three weeks. There is a 

sign ificant un ivaria te  association.

B radyca rd ias  re q u ir in g  oxygen

Table 18 shows that there is a significant association between the occurrence

of bradycardias requiring oxygen and the development o f ROP.

Apnoeas re q u ir in g  s tim u la tio n  o r oxygen

There was a significant association between apnoeas requiring stim ulation or 

oxygen and ROP (table 19 and 20).
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C yanotic  spells re q u ir in g  oxygen

Table 21 shows the number o f infants who had these episodes and who 

developed ROP. There is a significant univariate association between the stage 

o f ROP and these episodes.

M o n ito r in g  o f  oxygen 

U m b ilic a l a r te r ia l lines  (UAC)

414 infants had in fo rm ation  recorded on whether an um bilica l arteria l 

catheter had been inserted to m on ito r blood gases. 153 infants (37%) had an 

UAC placed and 109 o f these infants developed ROP (table 22). A large m ajority 

(20/24) o f die infants who developed stage 3 or 4 ROP had had an UAC placed. 

There was a significant univariate association between the placing o f an UAC 

and the stage o f ROP (%2 = 60.1, 3 df, p < 0.001). The length o f time the UAC was

in  place was longer fo r those who developed stage 3 or 4 ROP dr an fo r those 

who had no ROP or had less severe disease (table 23).

P e rip h e ra l a r te r ia l lin e s

51 infants in  the study had a peripheral arteria l line placed in  the firs t week 

and 36 developed ROP (table 24).

B lood tra n s fu s io n s

Having one or more transfusions in  the firs t three weeks was significantly 

associated w ith  ROP (table 25). The volume o f blood transfused, expressed as 

volume per kg birthw eight, was also found to have a significant association 

w ith  ROP (table 26).



59

P n e u m o th o ra x

29 o f the 419 infants suffered at least one pneumothorax and 23 o f tliem  

developed ROP (table 27). The occurrence o f pneumothorax was significantly 

associated w ith  ROP.

M u lt iv a r ia te  ana lys is

Prior to perform ing m ultivaria te  analysis, univariate analysis was carried out 

w ith  35 variables (table 28) fo r both incidence and severity o f acute ROP. 

Incidence o f ROP

On univariate analysis, 22 variables were found to be significantly associated 

w ith  the incidence o f ROP at the 1% level (Table 29). When these variables 

were analysed using dichotomous logistic regression gestational age, 

b irthw eight and duration o f ventila tion  were found to be the on ly significant 

and independent variables (Table 30).

Severity o f acute ROP

A sim ilar univariate analysis performed to consider the variables associated 

w ith  the stage o f acute ROP, i.e. the severity o f the disease, resulted in  20 

variables being significant at the 1% level (Table 31). M ultivaria te analysis o f 

these variables was carried out using ord ina l logistic regression w ith  the 

proportiona l odds model. Again gestational age, b irthw eight and duration of 

ventila tion  were the on ly significant variables (Table 32).

Abnormal cranial ultrasound and the number o f blood gases were found to be 

univariate ly associated w ith  both the incidence and stage o f ROP. However, 

m ultivariate analyses o f these data d id  not show that these variables were 

significantly associated w ith  either incidence or stage o f ROP.
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Table 5 W orst stage o f ROP in  419  infants w ith  paediatric  data

Worst stage o f acute ROP 

0 

1 
2

3/4

Number o f infants 

203 

129 

63 

24

Table 6 In tra ce re b ra l haem orrhage and acute ROP

ROP stage

0 1 2 3/4 T o ta l

0 96 66 28 7 197

In t r a c e r e b r a l 1 30 23 14 5 72

h a e m o r rh a g e 2 10 14 15 8 47

g ra d e 3 0 1 1 2 4

T o ta l 136 104 58 22 320
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Table 7 V e n tr ic u la r d ila ta tio n and acute ROP

ROP stage

0 1 2 3/4 T o ta l

0 125 % 47 17 285
V e n t r ic u la r  1 8 4 6 4 22
d i la ta t io n  2 0 0 2 0 2

s c o re  3 4 3 3 1 11

4 0 1 0 0 1

T o ta l 137 104 58 22 321

Table 8 P e rive n tr icu la r leucom alacia  (PVL) and acute ROP

P V L

s c o re

0

ROP

1

stage

2 3/4 T o ta l

G 124 86 44 14 268
1 10 12 9 4 35
2 0 0 0 0 0

3 3 5 5 4 17

T o ta l 137 103 58 22 320
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Table 9 C ran ia l u ltrasound appearances and w orst stage o f ROP

ROP stage

0 1 2 3/4 T o ta l

N orm a l scan 114 78 35 9 236
A b n o rm a l scan 23 26 23 13 85
T o ta l 137 104 58 22 321

5(2 = 23.92, 3 d f,p < 0.001

Table 10 C ica tr ic ia l ROP and c ra n ia l u ltra so u n d fin d in g s

I n f a n t H a e m o rrh a g e D ila ta t io n P V L C ic a t r ic i
n u m b e r grade grade g ra d e ROP

127 3 0 1 both eyes

239 2 3 3 rig h t eye

293 2 0 0 both eyes

389 0 0 0 le ft eye

461 1 0 0 both eyes
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Table 11 Persistent Ductus A rte riosus (PDA) and Stage o f ROP

ROP stage
0 1 2 3 /4 T o ta l

PDA No 184 108 36 10 338
Yes 19 21 27 14 81

T o ta l 203 129 63 24 419

%2 = 59.48, 3 d f,p <  0.001

Table 12 Sym m etry o f ROP appearance in  those in fa n ts  w ith  
p e rs is te n t ductus a rte riosus

ROP stage ( le ft  eye)
0 1 2 3 /4 T o ta l

ROP 0 19 1 0 0 20
s tage 1 1 19 2 0 22
( r i g h t 2 0 2 23 2 27
e y e ) 3 /4 0 0 2 10 12

T o ta l 20 22 27 12 81

Table 13 Persistent Ductus A rte riosus  (PDA) and c ic a tr ic ia l ROP

S tudy n um be r 
127 
239 
293 
389 
461

Eye w ith  c ic a tr ic ia l ROP 
Both 
R ig h t 
Both 

Le ft 
Both

PDA?
No
No
Yes
Yes
No
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Table 14 D u ra tio n  o f assisted v e n tila tio n  (d u ra tio n  o f IPPV/IM V

in  days) b y  stage o f ROP

stage n Median M in Max

0 203 0 0 21

1 129 1 0 21

2 63 8 0 21

3/4 24 17 0 21

Kruskal-Wallis ANOVA, p < 0.001

15 D ura tion in  oxygen (days) by stage o f ROP

ROP stage n Median M in Max

0 203 1 0 21

1 129 3 0 21

2 63 15 0 21

3/4 24 19.5 0 21

Kruskal-Wallis ANOVA, p < 0.001
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In tuba tions (to ta l num ber in f ir s t  three weeks)

stage o f ROP

stage n Median Min Max

0 203 0 0 10

1 129 0 0 12

2 63 1 0 11

3/4 24 3 0 8

Kruskal-Wallis ANOVA, p < 0.001
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17 Bradycardias re q u ir in g s tim u la tio n  b y  

ROP stage

stage o f ROP

0 1 2 3 /4 T o ta l

No 129 43 15 3 190

Yes 74 86 48 21 229

T o ta l 203 129 63 24 419

%2 = 56.9,3df,p< 0.001

Table 18 B radycardias re q u ir in g  oxygen b y  stage o f ROP

0 1

ROP stage 

2 3 /4 T o ta l

No 185 92 32 10 319

Yes 18 37 31 14 100

T o ta l 203 100 63 24 419

%2 = 64.7,3df,p< 0.001
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Table 19 Apnoeas requ iring  s tim u lation  by stage o f ROP

0 1

ROP stage 

2 3/4 T o ta l

No 158 84 39 16 297
Yes 45 45 24 8 122

T o ta l 203 129 63 24 419

= 9.5, 3 d f,p<  0.023

20 Apnoeas re q u ir in g  oxygen b y  stage o f ROP

0

ROP

1

stage

2 3/4 T o ta l

No 187 100 47 19 353
Yes 16 29 16 5 66

T o ta l 203 129 63 24 419

%2 = 18.8,3df,p< 0.001
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21 C yanotic episodes re q u ir in g

ROP

oxygen

stage

b y  stage o f ROP

0 1 2 3/4 T o ta l

No 175 103 44 12 334
Yes 28 26 19 12 85
T o ta l 203 129 63 24 419

= 22.2,3 d f,p <  0.001
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22 Presence o f u m b ilica l a rte r ia l lin e  by  

ROP stage

stage o f ROP

0 1 2 3/4 T o ta l

No 155 79 23 4 261
Yes 44 49 40 20 153

T o ta l 199 128 63 24 414

%2 = 60.1,3df,p< 0.001

23 D ura tion o f u m b ilica l a rte r ia l ca theter b y  stage

ROP stage n Median Min Max

0 44 5 1 19

1 47 6 1 18

2 39 7 1 18

3/4 20 9.5 1 17

Kruskal-Wallis ANOVA, p = 0.006
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Table 24 Presence o f  peripheral a rte ria l lin e  in  f i r s t  week by  

stage o f ROP

0 1

ROP stage 

2 3/4 T o ta l

No 184 110 49 20 363
Y es 15 18 14 4 51

T o ta l 199 128 63 24 414

= 10.7,3df, p = 0.016
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Table 25 Blood transfusions by stage o f ROP

0 1

ROP stage 

2 3 /4 T o ta l

No 170 87 23 2 282

Yes 33 42 14 22 137

T o ta l 203 129 63 24 419

X2 = 90.0,3df,p< 0.001

26 Volum e 

stage o f

o f b lood  

ROP

transfusions pe r kg b irth w e ig b t

ROP stage n Median M in Max

0 182 0 0 44J

1 125 0 0 45.3

2 63 0 0 50.5

3/4 23 14.4 0

Kruskal-Wallis ANOVA, p < 0.001
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27 Occurrence o f pneum othorax b y  stage 

ROP stage

o f ROP

0 1 2 3/4 T o ta l

No 197 119 51 23 390

Yes 6 10 M 1 29

T o ta l 203 129 63 24 419

p < 0.001
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Table 28 L is t o f  p a ed ia tric  variab les considered in  u n iva ria te  
analysis (b o th  inc idence and stage o f ROP)

Continuous variables:

Gestation
B ir th w e ig h t
Apgar score at one m inute
IPPV/IMV duration in  days
Number o f intubations
Duration in  oxygen in  days
Number o f d iffe ren t drugs administered
Number o f pH, Pa02 or PCO2 blood gas readings (reduced model only, n=257)

Categorical variables (m ostly ves/no):

Illness during  pregnancy 
Pregnancy-induced hypertension 
Place o f b irth  
M u ltip le  b irth  
Sex
Resuscitation required 
Peripheral a rte ria l line 
Small fo r gestational age 
Exchange transfusion 
APE
Fetal distress 
Fits
Positive CSF 
Respiratory disease 
UAC
PDA requiring treatm ent 
Positive blood cultures 
Chest in fection 
S urgery
Chronic respiratory disease 
Pneumothorax
Bradycardias requ iring stim ulation or oxygen 
Apnoeas requiring stim ulation or oxygen 
PPF/FFP or blood transfused 
Cyanotic spells requ iring  oxygen
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Table 28 (continued)

Abnorm al b iliru b in
Abnormal cranial ultrasound (reduced model only, n=288)
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Table 29 Incidence o f ROP: variab les found significant at 1%
lev e l using u n iv a ria te  analysis

Continuous variables:

Gestation
B ir th w e ig h t
Apgar score at one m inute
IPPV/IMV dura tion  in  days
Number o f intubations
Duration in  oxygen in  days
Number o f d ifferent drugs administered
Number o f pH, PaO^ or PCO2 blood gas readings (reduced model only, n=257)

Categorical variables (m ostly ves/nol:

Peripheral a rte ria l line 
Small fo r gestational age 
Respiratory disease 
UAC
PDA requiring treatment 
Positive blood cultures 
Chest in fection 
S urgery
Chronic resp ira tory disease 
Pneumothorax
Bradycardias requ iring  stim ula tion or oxygen 
Apnoeas requiring stim ulation or oxygen 
PPF/FFP or blood transfused 
Cyanotic spells requ iring  oxygen 
Abnorm al b iliru b in
Abnormal cranial ultrasound (reduced model only, n=288)



76

Table 30 Incidence o f ROP: variables found significant a t 5%

lev e l using d ichotom ous logistic regression

V a r ia b le  E s tim a te  (SE)

Gestation (wks) -0.15 (0.053)

B irthw e igh t (g) -0.0019 (0.00056)

V entila tion (days) 0.091 (0.027)

OR (95% Cl) P

0.86 (0.78, 0.95) per week 0.004

0.83 (0.74, 0.92) per lOOg 0.001
1.89 (1.44, 2.73) per week <0.001

SE = standard error, OR = odds ratio
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Table 31 Stage o f ROP: variab les found significant at 1% level
using u n iv a r ia te  analysis

Continuous variables:

Gestation
B ir th w e ig h t
Apgar score at one m inute
IPPV/IMV duration in  days
Number o f intubations
Duration in  oxygen in  days
Number o f d iffe ren t drugs administered
Number of pH, Pa02 or PCO2 blood gas readings (reduced model only, n=257)

Categorical variables (ves/no l:

Respiratory disease 
UAC
PDA requiring treatm ent 
Positive blood cultures 
Chest in fection 
S urgery
Chronic respiratory disease 
Pneumothorax
Bradycardias requ iring stim ulation or oxygen 
Apnoeas requ iring  stim ulation or oxygen 
PPF/FFP or blood transfused 
Cyanotic spells requ iring  oxygen 
Abnorm al b iliru b in
Abnormal cranial ultrasound (reduced model only, n=288)
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Table 32 Stage o f ROP: variables found significant at 5% level

using o rd in a l lo g is tic  regression w ith  the  p ro p o r tio n a l 

odds m odel

V a r ia b le  E s tim a te  (SE)

Gestation (wks) -0.17 (0.049)

B irthw e ight (g) -0.0023 (0.00050)

Ventila tion  (days) 0.094 (0.018)

OR (95% Cl) P

0.85 (0.77, 0.93) per week <Omi
0.79 (0.72, 0.87) per lOOg <0.001
1.93 (1.50, 2.47) per week <0.001

SE = standard error, OR = odds ratio
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CHAPTER 6 - DISCUSSION OF RESULTS OF PAEDIATRIC FACTORS STUDY

Of the mfants studied in  this survey o f paediatric factors and ROP, there were 

203 (48.4%) who d id not show any signs o f the disease and 216 (51.6%) who 

developed it. Since this sample was derived from  the same population as the 

infants studied fo r the epidemiology survey i t  is not surprising that the 

proportion  which developed ROP should be sim ilar in  both surveys.

C ra n ia l u ltra s o u n d  fin d in g s

Fewer infants in  this study showed evidence o f intracerebral haemorrhage, 

ventricu la r d ila ta tion  and periventricu la r leucomalacia (PVL) compared w ith  

the findings o f Trounce and colleagues (Trounce et al, 1986). It is un like ly  that 

the difference in  findings between the two studies can be explained by 

d iffe ren t defin itions o f haemorrhage and PVL since the defin itions o f the 

ultrasound appearances were identical in  this and in  Trounce's study. There is 

however a small difference in  the defin itions used fo r ventricu la r d ilatation. 

Using the defin ition  o f Trounce et al, the findings o f this study are sim ilar to 

theirs. The two studies differed in  the ir entry criteria; Trounce selected those 

infants weighing 1500 gm or less at b ir th  whereas we selected by b irthw eight 

o f 1700 gm or less. In addition our study infants had to survive three weeks 

before they could be entered in to  the study. This la tte r entry criterion would 

tend to reduce the number o f abnormal ultrasound findings since the infants 

w ith  the worst scans would have been more like ly  to perish in  those firs t three 

weeks. My findings o f abnormal cranial u ltrasound scans are lower in  all 

subgroups o f haemorrhage, ventricu la r d ila ta tion and PVL when compared 

w ith  those o f Trounce et al except in  the percentage o f those infants who 

showed germinal layer bleeds (grade 1 haemorrhage as described by Levene et 

al, 1985). 72 o f 320 infants (22.5%) had a grade 1 haemorrhage in  m y study. In 

Trounce's study 18.5% showed evidence o f this grade o f haemorrhage. Since
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Trounce scanned the infants in  his study more frequently than I did, i t  is 

possible that some transient features would have been missed in  my 

observations. However i t  m ight be expected that persistently abnormal 

appearances would s till be seen even w ith  less frequent scans.

The study by Sinha and coworkers (Sinha et al, 1985) showed a lower incidence 

(12.8%) o f subependymal haemorrhage (synonymous w ith  germ inal layer 

haemorrhage), bu t as high a percentage w ith  in traven tricu la r bleeding as 

Trounce. The percentage w ith  PVL reported by Sinha was however lower than 

that reported by Trounce and more sim ilar to my findings, although Sinha 

does not specifically describe "persistent flare" as one o f the subgroups o f PVL.

Since the development o f the bra in and the eye are embryologically closely 

related, and the cerebral and re tina l circulations have a common orig in, i t  

m ight be expected that there could be an association between ROP, a vascular 

condition, and haemorrhagic and ischaemic events in  the bra in o f preterm  

infants. The findings in  this present study show that there is such an 

association, using univariate analysis, between ROP and these events as 

demonstrated by cranial ultrasound.

Other authors have reported a significant association, when using univariate 

analysis, between ROP and IVH as shown by CT or ultrasound appearances 

(Procianoy et al, 1981, Flynn, 1983, Biglan et al, 1984, Purohit et al, 1985, 

Amato et al, 1986, Hammer et al, 1986, Hungerford et al, 1986, Brown et al, 

1987, Prendiville et al, 1988, Brown et al, 1990, D arlow eta l, 1992).

Ventricu lar d ila ta tion has no t been found to have a significant association 

w ith  ROP (Prendiville et al, 1988). S im ilarly, the findings o f this present study.
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although the numbers are small, do no t show any trend towards ventricu lar 

d ila ta tion being more common in  infants w ith  ROP.

This present study is the firs t one to be reported which has studied ROP and 

PVL and the resuits would suggest that there is a relationship between the two. 

It  is considered that PVL is ischaemic in  o rig in  since i t  occurs in  the 

watershed areas w ith in  the periventricu la r white m atter least well-supplied 

by the developing arteria l c irculation (Banker et al, 1962, Volpe, 1979,

Rushton et al, 1985). Since ROP has been proposed to have an ischaemic basis 

too (see chapter 1), i t  m ight be expected that there could be an association 

between this condition and PVL. Hungerford and coworkers (Hungerford et al, 

1986) mentioned evidence o f hypoxic-ischaemic bra in in ju ry  on CT or 

ultrasound scans and a statistically significant association between this and 

ROP. However, they d id  no t elaborate on what they meant by hypoxic- 

ischaemic brain in ju ry . Other workers (Lucey et al, 1984) have described two 

infants who had circu la tory collapse and severe b linding ROP. Our group have 

previously described infants who had both severe ROP and marked changes on 

cranial u ltrasound scanning compatible w ith  severe ischaemic in fa rc tion  (Ng 

et al, 1989). In  that report we suggested that in  some infants cerebral 

hypoperfusion contributing to PVL m ight also be a factor in  contributing to 

the severity o f ROP.

Our study has shown that ROP and PVL are associated on univariate analysis. 

However, m ultivaria te analyses using our data have shown that cranial 

ultrasound findings o f IVH and /o r PVL were not significant independent 

variables in  the occurrence or severity o f ROP. One possible explanation fo r 

this is that ROP and IVH/PVL are related by being consequences o f a pathway 

in itia ted  by ischaemia, and therefore are not independent o f each other. 

Factors reported to be associated w ith  PVL include antepartum haemorrhage,
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b irth  asphyxia, recurrent apnoea, septicaemia, persistent ductus arteriosus, 

pneumothorax, and hypercarbia (Sinha et al, 1985, Trounce et al, 1988). These 

factors are recognised causes o f systemic hypotension and alterations in  

cerebral blood flow  (Ogata et al, 1976, Lou et al, 1979), and several o f them 

have also been noted in  relation to ROP, as shown by our results and by other 

authors (see chapter 1).

Some authors using m ultivaria te  analyses have used occurrence o f ROP as the 

outcome variable, while others have studied severity o f the condition, and yet 

others have considered both. We d id  the la tter and i t  was interesting that both 

models gave very sim ilar results, w ith  low  birthweight, young gestational age 

and long duration o f ventila tion being associated w ith  both the incidence and 

stage o f ROP. These sim ilarities perhaps reflect the fact that most infants in  

the study had m ild  ROP. These results are comparable to those found by others, 

irrespective o f whether incidence or stage o f ROP was the outcome variable.

As in  our study, in  most models either low  b irthw eight or low gestational age 

or both have been found to be the most significant independent factors. Since 

ROP is a condition which affects on ly those infants who are born prem aturely 

and therefore have im m ature re tina l vasculature, i t  is no t surprising to fin d  

such a strong statistical association w ith  b irthw eight and gestational age. It 

could o f course be argued that since one o f the main criteria  fo r entry in to  

most o f the studies was low  birthw eight and /o r short gestational age, these 

variables would have a powerful effect on the models used in  the analysis. 

Nevertheless, even in  the one study which d id  no t have stric t b irthw eight or 

gestational age inclusion crite ria  (Hammer et al, 1986), b irthw eight was one o f 

the independent variables found to be associated w ith acute ROP.
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Reviewing the published w ork on o ther variables which are independently 

associated w ith  the occurrence o f ROP, duration o f ventila tion  is frequently 

found to be one o f these (Flynn, 1983, Hammer et al, 1986, Brown et al, 1990). 

Our study shows a sim ilar result. The length o f time which an in fan t is 

ventilated fo r is affected by several factors such as severity o f respiratory 

distress syndrome, development o f bronchopulmonary dysplasia and 

in te rcu rren t illnesses. C irculatory and oxygenation disturbances w ith  

resulting metabolic changes are associated w ith  these neonatal conditions and 

also w ith  mechanical ventila tion itse lf (Yu et al, 1977, Lou et al, 1979, Perlman 

et al, 1983, Fenton et al, 1990). The variable o f duration o f ventila tion when i t  

is used in  the analysis may therefore be the common factor which summarises 

these other confounding variables. However i t  is probably no t the dura tion  o f 

ventila tion per se which is a contribu tory  cause o f ROP, bu t rather that i t  is a 

marker fo r the underly ing pathophysiological mechanisms which have a role 

in  the pathogenesis o f this disease.

Apnoeas/bradycardias (Flynn 1983), acidosis (Prendiville et al 1988), number 

o f episodes o f Pa02 > 12 kPa (Prendiville et al 1988), treatment w ith  xanthine 

(Hammer et al 1986) and treatment w ith  indomethacin (Darlow et al 1992) are 

some o f the variables that have also been reported to be significantly 

associated w ith  the occurrence o f ROP. Some o f these events are known to be 

correlated w ith  illnesses such as infections, in tracran ia l conditions fo r 

example in traven tricu la r haemorrhage, o r events resulting in  hypoxaemia so 

these variables could be considered to be indicators o f neonatal illness. Such 

illnesses are known to be associated w ith  disturbances in  circu lation and 

oxygenation. Hence the ir independent contribution to the occurrence o f ROP 

in  these models could be explained possibly by this relationship w ith  neonatal 

illness. Thus d iffe ren t models have produced d ifferent variables in  detail but 

which could all be considered to be indicators o f illness and instability .
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When the outcome variable has been the severity o f ROP, the various d iffe ren t 

models have, in  addition to gestation and birthweight, s im ilarly produced 

significant variables which indicate illness such as acidosis (Bossi et al, 1984, 

Koerner et al, 1986, Prendiville et al, 1988), various blood gas measurements 

(Bossi et al, 1984, Koerner et al, 1986, Prendiville et al, 1988), duration of 

ventila tion (Bossi et al, 1984, Koerner et al, 1986), and pneumothorax 

(Prendiville et al, 1988).

Our in it ia l hypothesis was that p rem aturity  is the main trigger fo r the 

in itia tion  o f the disease process, and that the severity o f ROP is influenced by 

the severity o f neonatal illness. However, our analyses found that duration o f 

ventila tion  was the on ly other variable after gestation and b irthw eight which 

had an independent effect on both occurrence and severity o f acute ROP. Thus 

i t  would appear that the degree o f neonatal illness contributes to the trigger 

fo r the development o f ROP as well as contributing to its progression.

Although I collected blood pressure and oxygenation data in  the form  o f 

arteria l blood gas values in  an attempt to assess the relationship w ith  ROP, 

these data were measured fo r clin ical reasons and were not continuous, that is 

they were made at single points in  time. Unfortunately, we have not been able 

to use these data in  a statistically va lid  way, since the measurements are biased 

greatly towards those infants who were i l l  and who would have had more 

measurements taken than those who were well, some o f whom had no such 

readings taken at all. In  add ition the measurements do not show any but the 

most serious fluctuations so our study cannot in fo rm  fu rth e r the hypothesis 

that disturbances in  blood pressure and /o r oxygenation have an effect on the 

occurrence or severity o f ROP. More recent work using continuous 

m onitoring o f oxygen levels by transcutaneous methods has shown an
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association between fluctuations in  arteria l oxygen values and more severe 

ROP (Saito et al, 1993).

Our study has not been able to c la rify  the role o f oxygen in  the production of 

ROP. Using continuous transcutaneous oxygen monitoring, a recent study has 

shown that there was a significant association between the amount o f time 

spent w ith  arteria l oxygen levels o f 80 mm Hg or higher and the incidence and 

severity o f ROP (Flynn et al, 1992).

The results o f our study and those o f other workers who have used m ultivariate 

anaiysis would support the hypothesis tha t p rem aturity  together w ith  "illness" 

factors trigger the pro life ra tive  process in  immature re tina l vessels. However, 

in te rpre ta tion  o f such studies is fraught w ith  d ifficu lty  since d iffe ren t 

variables are entered in to  the models, defin itions o f sim ilar variables used in  

the analysis vary between studies, d iffe ren t statistical methods and models are 

used and the entry crite ria  in to  the study are also variable. W hilst such studies 

are useful in  showing significant associations and may indicate that the 

condition has a m ultifactoria l aetiology, they do not necessarily iden tify  

causative factors.

From this study and other sim ilar studies i t  is not possible to show how these 

variables may interact. It  can on ly be postulated tha t the underlying 

mechanisms m ight be related to the effects o f c ircu latory fluctuations and 

thus oxygenation on the re tina l vessels and tissues. A t present the best that 

can be recommended is that such immature infants should be maintained in  as 

stable a state as possible, particu la rly  in  the firs t few weeks o f life.



CHAPTER 7 - CONCLUSIONS

The firs t aim o f this thesis which was to describe some o f the epidemiology o f 

ROP in  a geographically-defined population in  the UK has been achieved.

Acute ROP is common in  infants weighing less than 1700 gm at b irth , affecting 

49.1% o f the infants we studied. However more severe acute ROP (stage 3 and 

4) is uncommon, being found in  4.2% o f the cohort. Progression to cicatricial 

ROP occurred in  1.1% (5 infants) and no in fan t was b lind  because o f ROP. 

Greater severity o f acute ROP is s ignificantly associated w ith  a low gestational 

age or b irthweight, and w ith  Asian orig in.

The second aim was to describe and investigate some o f the paediatric factors, 

including cranial ultrasound appearances, which may be associated w ith  ROP. 

Univariate analysis o f the paediatric data showed associations between several 

o f them and acute ROP. In  particular, cranial ultrasound appearances o f 

haemorrhage and o f ischaemic events (periventricu la r leucomalacia) were 

s ign ificantly associated w ith  occurrence and stage o f ROP. M ultivariate 

analysis, however, showed that the cranial ultrasound appearances d id  not 

have an independent association w ith  either the incidence or severity o f acute 

ROP, whereas gestational age, b irthw eight and duration o f ventila tion  were 

the significant independent variables fo r both incidence and severity o f the 

disease. Since the duration o f ventila tion can be considered to be an indicator 

o f the severity o f neonatal illness, these results support the hypothesis that 

prem aturity  and neonatal illness together contribute to the in itia tion  and 

progression o f acute ROP.

More detailed studies o f the contribu tion  o f neonatal illness, fo r example the 

effect o f changes in  blood pressure and oxygenation, on the occurrence o f ROP 

w ill require continuous measurements o f these variables. This w ill depend on
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the ava ilab ility  o f suitable equipment in  suffic ient numbers. Since severe ROP 

(stage 3 and 4) fortunate ly seems to develop only in  a small number o f infants, 

fu tu re  clinical studies w ill probably require to be carried out on a m ulticentre 

basis. CUnical studies would necessarily be lim ited  by etliica l issues so that 

animal models would need to be used in  order to investigate in  more detail the 

hypothesis that ischaemia/hypoxaemia contributes to the occurrence and 

severity o f ROP.
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2.
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A: DILATION/TORTUOSITY POSTERIOR VESSELS 

B: IRIS VESSEL DILATION 

C: PUPIL RIGIDITY 

D; VITREOUS HAZE 

E: HAEMORRHAGE

0=0 1= + 2=++ 3= +++ 4= ++++ 9= NO EXAMINATION 

ARTERIAL TORTUOSITY 

VENOUS CONGESTION 

T .V .L .

:: HYALOID ( 1= +, 2= - ,  9= NOT EXAMINED

□ □ □ □ □ □ □ □ □ □
i  JL □ □□ □ □ □ □ □

:ICATR1CIAL RLF ( REESE 1953)

.  PRESENT, 2 -  NOT PRESENT, 9= NOT EXAMINED

) Small mass opaque tissu e  in  periphery w ithout detachment

i )  Larger mass opaque tiss u e  in  periphery w ith  lo ca l detachment

i i)L a rg e r  mass in  periphery w ith  t ra c t io n  fo ld  to  disc

v) R e tro le n ta l t iss u e  covering p art o f pupil

) R e tro le n ta l tiss u e  covering e n t ire  p u p illa ry  area

.C.D.

,C.D.

[FRACTION SPHERE 

[FRACTION CYLINDER 

[FRACTION AXIS (0  -

*  L□ □BH □ □
□ □

EE
V -

r r

360“ )

□  l i 'I .I I 1. I I M N 
CEO CEO



Appendix 2 90

RETINOPATHY OF PREMATURITY STUDY

NAME:

HOSPITAL NO.: 
ADDRESS:

STUDY NO.

Sex M = 1, F = 2

T e l.  no.:
G.P. :

DATE OF BIRTH
P la ce  o f  b i r t h :  L R I/L O i = 1

NCH/NUH - 2
D erby = 3 
O th e r = 4 □

GESTATION:

S in g le to n  = 1 F k i l t ip le  -  2 if tw in

*  3 i f  t r i p l e t  e t c .

Time

C o u n ty ; L = l ,  N=2
D=3, other=4

hours

weeks

P o s i t io n

MOTHER

H o s p ita l  no .Name

E th n ic  g roup

F a th e r 's  e th n ic  g ro u ^

M a r i t a l  s ta te  
B lo o d  g roup  
SMOKING: No = 1, Yes -  2 ,  Unknown = 9

No. c ig s /  day  Leave b la n k  i f  non-sm oker 
Unknown = 9

PAST MEDICAL HISTORY 
List:

Age

O c c u p a tio n :

O c c u p a tio n :

□

y e a rs

Family history: None-0 . Y e s = l ,  U n kn o w n = 9

O b s te t r ic  h is t o r y :

Eye Other

LB + SB A b o r t io n s



Appendix 2 91

RETINOPATHY OF PREMATURITY STUDY page 2

PREGNANCY
DIP: EDD:
I l l n e s s  d u r in g  p re g n a n cy ;

H y p e rte n s io n  No-1, Yes-2 P r o te in u r ia  No-1, Yes-2 
Details and treatment:

APH N o = l, Yes-2 
D e ta i ls  ;

lUGR No-1, Yes-2
D e ta i ls  :

DRUGS DURING PREGNANCY: None-0, U n k n o w n -9

Ruptured membranes D u ra t io n

i f  >  24 h r s . ,  M4DI i n  days 

HVS r e s u l t  i f  known

K  24 hrs.- 1y 24 hrs.- 2
unknown- 9

LABOUR
Onset Spontaneous-1 Induced-2 No la b o u r=3

F e ta l d is t r e s s  Present-1 a b s e n t=2 unknown-9

D rugs: N o n e = 0 , Unknown-9 , E p i d u r a l - 1 , E n to n o x = 2
Pethidine-3, GA-4 , O ther=5 □ □
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RETINOPATHY OF PREMATURITY STUDY page 3

KLIVERY
Vaginal - 1, LSCS - 2
Cephalic-1, Forceps-2, R o ta t io n a l fo rc e p s -3 ,  Breech-4, Vacuum e x t r a c t io n - 5 

Other=6

BABY

BIRTH WEIGHT 

L e n g th  a n .

Head c irc u m fe re n c e

S m a ll f o r  g e s t a t i o n a l  a g e  No-1, Yes-2

C o n d it io n  a t  b i r t h  

APGAR @ 1 m in .

□
grams

a ns.

@ 5 m in .

R e s u s c ita t io n  r e q u ir e d
N one= l, F a c ia l = 2, Bag and mask=3, ETT=4

C oim ents

Drugs: No-1, Yes-2

Temperature on a d m is s io n

B lo o d  g roup  

SIM4ARY OF DIAGNOSES
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ROP STUDY DATA FLOW SHEET A

NAME & NO.

DATE

VENTILATION IPPV etc.

Max. re c o rd e d  p re s s u re s  

Max. rate

OXYGEN Max. g iv e n

m o n ito r in g  
Searle 
TcPOL̂

PNEUMOTHORAX
S id e  & no. o f  d ra in s

Type of RESPIRATORY DIS.

B ra d y c a rd ia s  ■^80/m in . 
No. requiring stim.
No. r e q u i r in g  Oj.
( in c lu d e  b a g g in g )

Apnoeas %>15 se cs .
No. r e q u i r in g  stim.
No. requiring Ô^
( in c lu d e  bagging)

C y a n o tic  s p e l ls  re q .  O2. 
( i . e .  th o s e  n o t a sso c , c  
apnoea o r  b ra d y )

FITS
Type

No.
Ja u n d ice  
Max. b i l i r u b i n

Phototherapy

V o l. exchange tran s fu s io n  

PDA re q . treatm ent
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ROP STU D Y

NAME & NO.
DATE

Weight, i n  g r a m s  

T P N

M ilk ,  typ e

Vol. of fluid/kg/day
Haem oglobin 

T ra n s fu s io n , m is . 

PPP/FFP given, mis.

Hypoglycaemia <.1.1 

H ype rg lyca e m ia  > 6 .0

Na
K

Urea

Great.

Calcium 

A ik . phos.

DRIKS

In fe c t io n  Type

m ic r o b io l .

N B C

V i t .  E  l e v e l s ,  m g / L  

O t h e r  e v e n t s

D A T A  FLOW S H E E T B
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R.O.P. STUDY MATERNAL QUESTIONNAIRE

Baby's name:

1) D id mother suffer any illness during the pregnancy e.g. 'flu , 
gastroenteritis. I f  yes, please specify and indicate tim ing o f illness and 
treatment i f  any:

Did m other suffer from  asthma or hayfever during the pregnancy?

2) What drugs/m edicines/tablets/tonics d id  mother take during the 
pregnancy? List, and indicate frequency o f taking, and stage o f pregnancy in  
which i t  was taken:

3) What d id m other take fo r headache, backache, heartburn, any other aches 
and pains, and fo r other m inor ailments? List, i f  not included in  answers to 
question 2).

4) D id mother have cravings fo r particu la r foods during the pregnancy? I f  so, 
what?

5) Smoking: D id m other smoke during pregnancy? I f  yes, how many a day? 
Alcohol during pregnancy? I f  yes, how much?

6) Are there any relevant past medical o r fam ily  history?

a) Eye problems?

b) Any other?

Name o f questioner:

THANK YOU FOR YOUR ASSISTANCE
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RETINOPATHY OF PREMATURITY DATA CODING 

FIXED DATA (demographic data, ante- and perinatal data)

1st line
1- 4 Study no .:_____1

5 Sex: M = l, F=2

6 Address: LHA=1, NHA=2, SDHA=3, Other=4

7-12 Date o f b irth

13-16 Time o f b ir th  (24 hour clock)

17 Place o f b irth : LRI=1, LGH=2, NCH=3, NUH=4, Derby=S, Other=6

18-19 Gestation in  completed weeks

20 Singleton=l, Twin=2, Triplet=3, 0uadruplet=4

21 Position i f  m u ltip le  b irth

22-23 Maternal age

24 Maternal ethnic group: Caucasian=l, Asian=2, Negro=3, Chinese=4,
Mixed=5, Otiier=6

25 Paternal ethnic group: Caucasian=l, Asian=2, Negro=3, Chinese=4,
Mixed=5, Other=6

26 Alcohol in  pregnancy: none=0, occasional (1-2 drinks/w eek)= l, 
moderate/social (l/day)=2 , a lo t ( > l/day)=3 , unknown=9

27 Smoking in  pregnancy: none= l, yes=2, unknown=9

28-29 No. o f cigarettes/day: non-smoker=blank, unknown=9

30-35 Past medical history: none=00 in  firs t two squares, diabetes=01,
epilepsy=02, asthma/hayfever=03, renal probiems=04, cardiac=05, 
DVT/pulm. embolus=06, deafness=07, depression=08, anaemia=09, 
chromosome problem= 10, gastro. problem^ 11, surgery=12, skin 
problem=13, arthritis=14, hormone problem( thyro id )=15, 
hypertension=16, v it. E deficiency=17, migraine=18, sickle-cell 
trait=19

36-37 Family history: none=0, yes=l

36 = eye problems, include short sight, long sight, squint

37 = other, in  more than one person in  the fam ily

38-39 Parity: Live b irths plus stillb irths , including this ch ild  

40 Abortions: number
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41-46 Illness during  pregnancy (non-obstetric):
none=00 in  firs t two squares, unknown=99 in  firs t two squares 
'flu-like=01, URTI=02, UTI=03, asthma/hayfever=04, abdo. pain=05, 
headaches=06, anaemia=07, D&V=08, renal=09, surgery (including 
amnio.)=10, neuro. (including non-eclamptic f i ts ) = l l ,  
depression=12, herpes=13, TB=14, haematological=15, STD=16, 
dental=17, cardiac=18, hypoglycaemia= 19, live r problem (incl. 
hepatitis)=20

47-48 Hypertension in  pregnancy: n o = l, yes=2, unknown=9 
Proteinuria in  pregnancy: n o = l, yes=2 
I f  eclampsia, score 3 in  each box

49 APH: none=l, yes=2 include early bleeds

50 Antenatal evidence o f lUGR: n o = l, yes=2

51-60 Drugs in  pregnancy:
none=00 in  firs t two squares, unknown=99 in  firs t two squares 
Iron=01, v it. D/calcium=02, antibiotics=03, paracetamol=04, 
aspirin=05, decongestants (not antihistamines) =06, andhistamines=07, 
antihypertensives=08, insulin=10, anticonvulsants=l 1, ritod rine  or 
sim ilar = 14, theophylline= 15, antacids=16, asthma inhalers=17, 
hormone replacement= 18, other=90

61 Ruptured membranes: Duration <24 hours =1, >24 hours =2, unlcnown=9

62-64 I f  ROM >24 hours, ROM-to-delivery in terval in  days

65 Labour onset: spontaneous=l, induced=2, no labour=3

66 Fetal distress (include dips in  fetal heart rate, meconium-stained 
liquo r): present=l, absent=2, unknown=9

67-69 Drugs in  labour: none=0, unknown=9, ep idura l= l, Entonox=2, 
pethidine (or other opiate)=3, GA=4, o tlie r (incl. syntocinon)=5

70 Vaginal de livery= l, LSCS=2

71 Cephalic=l, forceps=2, rotational forceps=3, breech=4, vacuum 
extraction=5, other=6, unknown=9

72-75 B irth  w eight in  grams

76-78 OFC in  cm. Leave blank i f  not recorded

79 Small fo r gestational age (Usher and McLean 1969): n o= l, yes=2

2nd lin e

1- 2 Apgar at 1 m inute: unknown =99

3- 4 Apgar at 5 minutes: unknown =99

5 Resuscitation required: none=l, facial 02 -2 , bag and mask=3, ETT=4

6 Drugs given in  resuscitation: n o = l, yes=2
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7- 9 Temperature on admission to NNU 

10 Outcome: discharged=l, died=2, transferred=3

11-16 Date o f d ischarge/death/transfer 

17-20 Cranial ultrasound data

21 Care place in  firs t week: same as birthplace=blank, transferred to
LRI=1, LGH=2, NCH=3, NUH=4, DCH=5, other=6
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NEONATAL EVENTS DATA (variables 6 and 7, the la tte r is more detailed)

V ariab le  6: 1st lin e

1- 4 Study n u m b e r:___ 6

5- 7 IPPV/IMV duration in  days None=000
8- 9 CPAP duration in  days
10-11 No. o f intubations, not including resusc. at b irth  
12-13 Max. insp. press.
14-15 Max. exp. press.
16-18 Max. rate

19-20 Duration in  days in  Fi02 0.22-0.30
21-22 0.31-0.50
23-24 0.51-0.70
25-26 0.71-0.90
27-28 0.91-1.00

29 UAC: no=0, yes=l
30-31 Duration o f UAC in  days
32 Age firs t inserted

33 Peripheral arteria l line: no=0, yes=l 
34-35 Duration in  days, total
36-37 Age firs t inserted

38 TcP02 used: no=0, yes=l, Derby=3

39 Pneumothorax: no=0, r ig h t= l, left=2, bilateral=3
40-41 No. o f drains, total

42 In itia l respiratory disease: none=0, IRDS/HMD=1, meconium 
aspiration=2, pneumonia=3, congenital abnorm.=4, other=5

43-45 Bradycardias, total no. (< 80/m in.) requiring action none=000 
46-48 to ta l no. requ iring  oxygen
49-50 Age firs t noted in  days
51-52 Age when max. no. noted

53-55 Apnoeas, total no. (> 15 secs.) requiring action none=000 
56-58 to ta l no.requiring oxygen
59-60 Age firs t noted
61-62 Age at max. no.

63-64 Cyanotic spells requiring oxygen, total no. none=00 
65-66 Age firs t noted

67 Seizures/fits: none=0, yes=l
68-69 Age firs t noted

70-72 Max. serum b iliru b in
73-74 Age at max. serum b iliru b in
75-76 Phototherapy, duration in  days none=00

77-79 Exchange transfusion, volume in  m l. none=000 
80 Age at f irs t exchange, in  days
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Variab le  6: 2nd lin e

1 PDA requiring treatment: no=0, yes=l
2- 3 Age when treatment started

4- 7 Min. weight in  grams
8- 9 Age at m in. weight
10-11 Age when b irthw e igh t regained

12-14 TPN duration none=000
15-16 Age firs t started 
17-18 Age lip id  started

19-20 M ilk  feeds: age firs t started
21-22 Type: breast/EBM=01, bank EBM=02, Nenatal=03, Prematalac=04, 

LBWSMA=05, SMA=06, C&G Premium=07, Osterfeed=08, 
Pregestimil=09, unknown=99

23-25 Fluids: M in. volume, m l/kg /d a y  
26-27 Age at m in. volume
28-31 Max. volume, m l/kg /d a y  (before breast feeds started)
31-33 Age at max.

34-36 Blood transfusion: Total volume in  ml. none=000
37-38 Age at f irs t transfusion

39-41 PPF/FFP: Total volume in  ml. none=000 
42-43 Age at f irs t transfusion

44 BMstix < 1.1: no=0, yes=l
45 Confirmed w ith  lab. no=0, yes=l

46-49 Hb m a x .; gm/L
50-51 Age at max. Hb

52-55 Hb m i l l . :__ . _ gm/L
56-57 Age at m in. Hb

58 Sodium <125 no=0, yes=l, not done=9
59 Sodium> 145 no=0, yes=l, not done=9
60 Calcium < 1.5 no=0, yes=l, not done=9
61 Urea > 10 no=0, yes=l, not done=9
62 Aik. phos. >700  no=0, yes=l, not done=9

63 Positive blood cultures: no=0, yes=l
64 Positive CSF: no=0, yes=l

65 Chest infection (CXR + cünical, + /- positive secretions): no=0, yes=l
66 NEC (radiological + clinical): no=0, yes=l, probable=2

67 Surgery: no=0, yes=l

68 Chronic respiratory disease: no=0, yes=l

69 Congenital abnormalities: no=0, yes=l

70 Potassium > 8.0 no=0, yes=l, not done=9
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Variab le  6: 3 rd  lin e

I-  2 Vitamins, age started
3- 4 Iron, age started
5- 6 V it. D, age started
7 V it. K, age started

8 Antibiotics: no=0, yes=l
9-10 Age started, in  days
II-1 2  No. o f courses

13 Bicarb./THAM given: no=0, yes=l 
14-15 Mmol, given, tota l nearest whole mmol.
16-17 Age firs t started 
18 No. of doses
19-20 Age at last dose

21 Frusemide: no=0, yes=l
22-24 No. o f doses

25 AminophyUine: no=0, yes=l 
26-27 Age started
28-29 Duration o f treatment, including time on theophylline

30 Caffeine: no=0, yes=l
31-32 Age started 
33-34 Duration in  days

35 Doxapram: no=0, yes=l 
36-37 Age started
38-39 Duration in  days

40 Indomethacin: no=0, yes=l
41 No. of doses
42-43 Age firs t started

44 Anticonvulsants : no=0, yes=l 
45-46 Age firs t started

47 Pancuronium: no=0, yes=l

48 Other drugs, includes GA, dexamethasone: no=0, yes=l

49 TolazoUne: no=0, yes=l
50 Dopamine: no=0, yes=l

Variab le  7: 1st line

1- 4 Study n o . :_____7

5-16 No. of days ventilated in  each o f firs t 12 weeks, none=0
17-28 No. o f intubations in  each o f firs t 12 weeks, none=0
29-40 No. o f days in  oxygen in  each o f firs t 12 weeks, none=0

41-44 No. o f pneumothoraces in  each o f firs t 4 weeks, none=0 
45-48 Side of pneumothorax in  each o f firs t 4 weeks, none=0, r ig h t= l, 

left=2, bilateral=3
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49-72 No. o f bradycardias requiring stim ulation in  each o f firs t 12 weeks, 
none=0, leave b lank i f  discharged before 12 weeks

73-80 No. o f bradycardias requiring oxygen in  each o f firs t 4 weeks, 
none=0, leave blank i f  discharged before 12 weeks

V ariable 7: 2nd lin e

1-16 No. o f bradycardias requiring stim ulation in  each o f 5th to 12th weeks,
none=0, leave blank i f  discharged before 12 weeks

17-40 No. o f apnoeas requiring stim ulation in  each o f firs t 12 weeks,
none=0, leave blank i f  discharged before 12 weeks

41-64 No. o f apnoeas requiring oxygen in  each o f firs t 12 weeks, 
none=0, leave blank i f  discharged before 12 weeks

65-76 No. of cyanotic episodes requiring oxygen in  each o f firs t 12 weeks, 
none=0, leave blank i f  discharged before 12 weeks

Variable 7: 3 rd  lin e

1- 9 Max. b iliru b in  recorded in  each o f firs t 3 weeks

10-15 Max. sodium recorded in  each o f firs t 2 weeks
16-21 Min. sodium recorded in  each o f firs t 2 weeks

22-25 Max. potassium recorded in  each o f firs t 2 weeks
26-29 Min. potassium recorded in  each o f firs t 2 weeks

30-35 Max. urea recorded in  each o f firs t 2 weeks 
36-39 Max. creatinine recorded in  each o f firs t 2 weeks

40-43 Max. calcium recorded in  each o f firs t 2 weeks
44-47 Min. calcium recorded in  each o f f irs t 2 weeks

For all the above biochemical values, i f  only one level recorded fo r that week, 
code this in  both max. and min. boxes.

48-80 Volume o f blood transfusions, in  ml., in  each o f firs t 11 weeks, 
none=000

Variab le  7: 4 th  lin e

1- 3 Volume o f blood transfusions, in  ml., in  12th week, none=000

4-39 Volume o f PPF/FFP in  ml., in  each o f firs t 12 weeks, none=000

40-75 Max. Hb recorded in  each o f firs t 12 weeks, none recorded=000
If  on ly one level recorded fo r tlia t week, code this in  both max. and 
min. boxes.

Variab le  7: 5 th  line

1-36 Min. Hb recorded in  each o f f irs t 12 weeks, none recorded=000
If  on ly one level recorded fo r that week, code this in  both max. and 
min. boxes.
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