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Regressed retinopathy of prematurity and its
sequelae in children aged 5-10 years

Juan E Gallo, Gerd Holmstrom, Ulla Kugelberg, Bo Hedquist, Gunnar Lennerstrand

Abstract
Regressed retinopathy of prematurity (ROP)
and its sequelae were studied in children born
prematurely (<1501 g birth weight and/or <33
weeks gestational age) in Stockholm county
during 1976-81. Through various searches of
the records at the different eye departments
and other sources in Stockholm county we

found that 134 out of a total of 528 premature
babies (25.4%) had needed ophthalmic care for
different reasons. They were re-examined and
reliable information on the fundus could be
obtained for 105 of them. The frequency of
regressed ROP was 45*5%. Severe forms with
vitreoretinal scarring and retinal traction were
seen in 9 7% of cases and moderate forms with
pigmentary changes and/or vitreoretinal inter-
phase changes in 35*8%. The sequelae of
regressed ROP were mainly reduction of visual
acuity and myopia. Children with a birth weight
below 1000 g and a gestational age <30 weeks
presented the highest rate of regressed ROP
(68.5% and 61.9%) and ocular abnormalities.
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Retinopathy of prematurity (ROP) is known as a

potentially blinding disease. Phelps has esti-
mated that 8% of infants with a birth weight of
1000 g or less become blind from ROP in the
United States.' In addition a broad spectrum of
ocular abnormalities have been reported as com-

plications of ROP.2-5
In the last decade important work has been

done to prevent and diminish the severity of
ROP. 8We have conducted a retrospective study
in prematurely born children in Stockholm
county during 1976-81 in order to investigate the
occurrence of ocular abnormalities. This paper
deals with regressed ROP and its sequelae. A
comparative study on the prevalence of visual
impairments, refractive errors, and ocular
motility disorders in premature babies and a

control group offull-term babies will be reported
separately. Some of the results have been pub-
lished in a preliminary form.9

Material and methods

EPIDEMIOLOGICAL CONSIDERATIONS
To be able to evaluate retrospective epidem-
iological studies ofthis kind some information on
the Swedish health care system is needed. All
births in Sweden are reported to the Board of
Health and Welfare. Among other things the
birth weight and the gestational age ofthe child is
recorded together with information on the date of
birth, the sex, etc. The accuracy of the registra-
tion has been tested (report 1977-02-10 of the
Board of Health and Welfare). Errors in date of

birth were found in 0 3%, in sex in 0 3%, and in
weight in 1 -0% of the reports. These numbers
refer to the same period of time as our study.
The use of the 10-digit person identification

number in different Swedish registers makes it
fairly easy to obtain information on the patients
within the health care system, and also to keep
track of visits that the patients make to different
hospitals and private offices.
During the period of our investigation, all

prematurely born children in Stockholm county
were cared for at five different neonatal units.
The treatment schemes of the departments have
been very similar, at least for the same period of
time, and also quite advanced from an inter-
national standpoint.

Paediatric ophthalmology services are mainly
provided at three departments in Stockholm
county. All children below the age of 5

are referred to these centres with very few
exceptions. The somewhat older children were

sometimes referred to a limited number of
ophthalmologists outside these centres. With
this knowledge of the system for paediatric
ophthalmic care it was fairly easy to obtain
complete coverage of information on the groups
of children that we were interested in.
During the period 1976-81 prematurely born

children were not examined regularly by oph-
thalmologists in the neonatal wards, and there
were no particular arrangements for ophthal-
mological follow-up of these children. However,
they were included in the general health care

system for children, which implies that the child
was examined regularly at the health care centres
for children and referred for ophthalmic investi-
gation when needed. All children were screened
for reduced visual acuity in each eye at the age of
3 .54 years, and those who fell below the
accepted limits were referred for ophthalmic
examination. The rate of participation in these
screening procedures is very high, about 95-98%
of the population.'0 At visual acuity testing
during first grade in school very few new cases of
visual impairment are discovered when the
screening at 3 5-4 years is done correctly." 12

Most of the early ocular problems of children
should therefore have been discovered and cared
for by the age of 5 years.

POPULATION OF PREMATURE INFANTS
From the birth registers of the Swedish National
Board ofHealth and Welfare all preterm children
born in Stockholm county from 1 January 1976
to 31 December 1981 (a six-year period) were

selected for the study if they had a birth weight
<1501 g and/or a gestational age <33 weeks.
Gestational age was determined according to the
method of Dubowitz et al.'3 Our criteria for
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prematurity in this study included birth weight
and/or gestational age, since we wanted to reduce
the number of children that had been reported
with an incorrect value in any of the parameters.
In recent studies the most common criterion has
been birth weight below 1500 g alone. However,
the mean birth weight of Swedish prematures at
32 weeks gestation is 1750 g. The limit 1500 g
would have eliminated many quite premature
children in our material. Nonetheless, pre-
matures with a birth weight ¢2000 g were
excluded from the study.
The population ofprematures consisted of 528

children, not counting those who had died or
moved from the area. The distribution with
regard to birth weight and other details of the
premature population is shown in Table 1.
By means of listings of the 10-digit person

identification numbers ofthe premature children
manual searches were made at the archives of
ophthalmology departments and other sources in
Stockholm county as well as over the Stockholm
county computer system. A total of 134 pre-
matures had been seen by ophthalmologists and
orthoptists for various reasons (Table 1). The
charts of these children were obtained from the
departments, and they were analysed with regard
to the ophthalmological parameters listed below.
The study was approved by the Ethical Commit-
tee of the Karolinska Institute, Stockholm,
Sweden.

OPHTHALMIC EXAMINATION
Every child underwent a standard examination of
visual function and ocular motility. Ifthe patient
had been examined repeatedly, data from the last
report was used in this study.

Visual acuity and refractive errors. Visual acuity
was determined with Sneilen charts adjusted to
the age of the child. Blindness was defined as a
visual acuity of less than 0-03 (2/36) in the better
eye. Refraction was done with cycloplegia. A
measure ofstatic refraction was taken as that with
which the patient achieved the best visual acuity.
Spherical equivalents have been calculated in
cases with astigmatic refractive errors.
Binocular abnormalities. The ocular motility

examination included determination of versions,
near point of convergence, and cover/uncover
tests at near and distance fixation. When needed
the patients were also examined with the Maddox
cross at 5 m and the Maddox wing test for near
fixation.

Ocular deviations were determined with a
prism cover test when the patient was wearing
appropriate correction of refractive errors.
Strabismus was defined as manifest or intermit-

Table I Premature population. Distribution according to birth weight (grams)

<1000 1000-1500 1501-1999* Total

Number of births 148 443 274 865
Survivors 48 311 242 601
Rate of survival 32-4% 70-2% 88-3% 69-5%
Number moved away 5 37 31 73
Number available 43 274 211 528
Number of ophthalmic 19 79 36 134

patients
Rateofophthalmiccare 44-1% 28-8% 17-0% 25 4%

*Only patients <33 weeks of gestational age.

tent heterotropia. A manifest or intermittent
deviation of less than 10 prism dioptres was
classified as microtropia.

Ophthalmoscopic examination. Information on
ROP was obtained in the following manner. The
records of the 134 preterm children were care-
fully screened. Five patients had undergone an
examination under anaesthesia by experienced
ophthalmologists, and the information contained
in the records was considered to be sufficient for
our study. Most other patients had not been
examined by indirect binocular ophthal-
moscopy, and peripheral changes might have
been missed. We decided to perform a fresh eye
fundus examination in these patients. In spite of
large efforts 27 patients did not come for the
examination, while 102 complied. Mydriatic
drops were used to obtain a clear view of the
retinal periphery. The fundus was examined
with the indirect binocular ophthalmoscope and
a 20 dioptre lens. The scleral depressor could not
be used in any of these children aged 5-10 years.
In two of the 102 patients the retinal periphery
was impossible to examine clearly owing to
manifest nystagmus in one patient and severe
miosis in the other, who was treated with pilocar-
pine for congenital glaucoma. Thus exact infor-
mation on fundus conditions was available for
105 of the 134 patients (see also Table 2).
In our classification of regressed ROP we have

followed the suggestions of the International
Committee for the Classification of late stages of
ROP.'4 The committee has pointed out that
regressed ROP has a broad spectrum of eye
fundus abnormalities, so wide that it does not
allow investigators to classify them in different
stages. However, to bring about some order in
the various ophthalmoscopic findings the com-
mittee has suggested recording them topograph-
ically into peripheral and posterior changes, and
then a subdivision can be made into vascular and
vitreoretinal changes. In our study we have also
included a subdivision into severe and moderate
regressed ROP in order to differentiate the
degree of severity. The severe form included
cases with vitreoretinal scarring equal to or larger
than one optic disc diameter and the presence of
tangential (transgel) traction of the retina. The
remaining cases (with only pigmentary changes
and/or vitreoretinal interphase changes) con-
stituted the group of patients with moderate
regressed ROP.

Results
Table 1 shows the composition of the population
of premature infants with respect to birth weight
and other characteristics. Referrals for ophthal-
mic examination were commonest in the children
with the lowest birth weights (<1000 g). The
mean number of examinations in the group of
patients was 8-7 times (SD 7 9, range 1-62),
including those examinations made before the
age of 5 years in children with severe ROP. One
hundred and thirteen children (84 3%) had been
seen three or more times by ophthalmologists or
orthoptists.
Myopia was found in 33 children (24-6% of the

children under ophthalmic care), unilateral in 14
and bilateral in 19 cases. Results of testing for
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Table 2 Regressed ROP and its relation with ocular abnormalities, immaturity, and birth weight

SSROP MRROP S+MRROP WRROP IF-Inform Total
(n=13) (n=48) (n=61) (n=44) (n=29) (n= 134)

Ocular motor disorders
Strabismus 7 (53 8%) 17 (35-4%) 24 (39-3%) 19 (43-2%) 9 (31-0%) 52 (38-8%)
Nystagmus 5(38 4%) 3 (6 2%) 8(13-1%) 1 (2-3%) 4(13-8%) 13 (9 7%)

Refractive errors
Myopia 8 (61-5%) 14 (29-1%) 22 (36-1%) 5 (11-4%) 6 (20 7%) 33 (24-6%)
Myopia >3 D 7 (53 8%) 2 (4-2%) 9(14-7%) 1 (2 3%) 2 (6-9%) 12 (8-9%)
Anisometropia :1 D 8 (61-5%) 10 (20 8%) 18 (29-5%) 8 (18-2%) 5 (17-2%) 31 (23-1%)

Visual acuity
60-6 (6/9) WE 9(69 2%) 6 (12-5%) 15 (24-6%) 6 (13-6%) 10 (34-5%) 38 (28-3%)
s-06 (6/9) BE 6(46-1%) 3 (6 2%) 9(14-7%) 3 (6 8%) 7(24-1%) 19(14-2%)
-0-3 (6/18) WE 6 (46-1%) 1 (2-1%) 7 (11-5%) - 3 (10-3%) 10 (7-5%)
-0 3 (6/18) BE 3 (23-1%) - 3 (4 9%) - 1 (3-4%) 4 (3 0%)
Blind 2(15-4%) - 2 (3-3%) - - 2 (1-5%)

Birth weight
<1000 g 5(385%) 8(16-7%) 13(21-3%) 4 (9-1%) 2 (69%) 19(14-2%)
1000-1500 g 7 (538%) 29 (604%) 36 (590%) 24 (545%) 19 (65-5%) 79(58-9%)
1501-1999 g 1 (7 7%) 11 (22 9%) 12 (19-7%) 16 (36-4%) 8 (27-6%) 36 (26-9%)

Gestational age
26-29 weeks 9 (69 2%) 17 (35-4%) 26 (42 6%) 11 (25-0%) 5 (17-2%) 42 (31-3%)
30-32 weeks 4 (30 8%) 21 (43-7%) 25 (41-0%) 28 (63-6%) 19 (65-6%) 72 (53-8%)
33-37 weeks - 10 (20-9%) 10(16-4%) 5 (11-4%) 5(17-2%) 20 (14-9%)

Abbreviations: severe regressed ROP (SRROP); moderate regressed ROP (MRROP); without regressed ROP (WRROP); better eye
(BE); worse eye (WE); incomplete fundus information (IF-Inform).

anisometropia and visual acuity are shown in
Table 2.

Strabismus was found in 52 prematures
(38-8%), and of them esotropia was seen in 24,
exotropia in 13, and microtropia in 15. A group
of 13 prematures (9-7%) had nystagmus of
different types: six horizontal, two end-point,
and five latent nystagmus, respectively.

REGRESSED ROP
A total of 61 patients (45 -5%) presented signs of
regressed ROP. Severe forms of regressed ROP
was seen in 13 patients (9-7%) and moderate
forms in 48 patients (35 -8%).

Regressed ROP occurred most commonly in
children with a low birth weight and a low
gestational age. It was seen in 13 out of 19
patients with a birth weight below 1000 g
(68-5%) and in 36 out of 79 patients between
1000-1500 g (45 -6%). Regarding gestational
age, 26 out of 42 children <30 weeks (61-9%)
and 25 out of 72 children between 30-32 weeks
(34-7%) had signs ofROP.

Vitreoretinal scarring was larger than 3 optic
disc diameters in all patients but one. Dragging
of retina over the disc was found in five patients.
A tractional retinal detachment was seen in three
patients, while distortion of macula was diag-
nosed in four patients. Further information
on posterior vitreoretinal changes is given in
Table 3.
Table 4 highlights the peripheral vitreoretinal

findings. Pigmentary changes were seen in 50
children, vitreous membranes in four, and
lattice-like degeneration in one child.

REGRESSED ROP AND ITS RELATION WITH OCULAR
ABNORMALITIES
Two patients (1-5%) were blind from ROP.
Three patients with regressed ROP (2-2%) pre-
sented a visual acuity i,0-3 (6/18) in the better
eye, while seven patients (5-2%) had a visual
acuity -0-3 (6/18) in the worse eye (Table 2).
The majority of these patients had the severe

type of ROP, and only one of them showed the
moderate form.

The relation between regressed ROP and
refractive errors can be seen in Table 2. Among
33 myopic patients and 31 anisometropic patients
signs of regressed ROP were seen in 22 (66-7%)
and 18 patients (58- 1%), respectively.

Fifty-two patients with strabismus and 13 with
nystagmus constituted the group ofchildren with
ocular motility disorders. Regressed ROP was
found in 24 patients with strabismus (46- 1%) and
in eight patients with nystagmus (61-5%).

SEVERITY OF REGRESSED ROP
The severe form ofregressed ROP was diagnosed
in 26-3% of prematures with a birth weight less
than 1000 g, in 8-9% of those between 1000-
1500 g, and in 2-8% ofprematurely born children

Table 3 Ophthalmoscopicfindings: posteriorROP changes

Right Left No of No of Rate
eye eye eyes patients (n=134)

Vitreous
haemorrhage 1 - 1 1 0-74%

Straightening of
vessels - 2 2 2 1-5%

Pigmentary
changes 1 1 2 1 0-74%

Distortion/ectopia
of macula 3 4 7 4 3%

Vitreous
membranes 1 - 1 1 0-74%

Dragging of retina
over disc 3 4 7 5 3-7%

Tractional retinal
detachment 3 3 6 3 2-2%

Table 4 Ophthalmoscopicfindings: peripheral ROP
changes

Right Left Noof Noof Rate
eye eye eyes patients (n= 134)

Pigmentary
changes 34 40 74 50 37-3%

Vitreoretinal
interface changes 1 4 5 4 3-0%

Vitreous
membranes 2 3 5 4 3-0%

Lattice-like
degeneration 1 - 1 1 0-74%

Tractional retinal
detachment (only
in periphery) - 1 1 1 0-74%
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in the 1501-1999 g bracket (see Table 2). The
same degree of severity was found in 21-4% of
children with a gestational age <30 weeks, in
5 5% of those between 30-32 weeks, and in none
of the patients with a gestational age >32 weeks.
Among 13 patients affected with severe

regressed ROP eight had anisometropia 1 D,
eight had myopia, and ofthese patients seven had
myopia of more than 3 D. These were higher
values than in patients with moderate regressed
ROP or in those without regressed ROP (Table
2).

OCULAR ABNORMALITIES IN PATIENTS WITH
INCOMPLETE FUNDUS EXAMINATION
Only one of the 29 patients with incomplete
fundus examination had poor vision - that is,
visual acuity below or equal to 0 3 (6/18) in the
better eye - but three of them had a visual acuity
<0 3 (6/18) in the worse eye, and 10 patients
had a visual acuity level 60-6 (6/9) in the better
eye. Six of the children not examined were

myopic, while five had anisometropia >,1 D.
With regard to ocular motility disorders,
strabismus and nystagmus were present in nine
and four patients, respectively (Table 2).

Discussion
This report on the occurrence and characteristics
ofregressedROP in prematurely born children is
part ofa retrospective study ofthe ocular changes
in 528 prematures born in Stockholm county
during the years 1976-81.
Although our study suffers from the lack of

information on acute ROP, we believe this is not
an impediment to analysing the fundus findings
of premature children aged 5-10 years. How-
ever, it may be reasonable to suggest that some of
the so-called signs of regressed ROP in our study
could have been the result of conditions other
than prematurity. None the less, this is hardly
the case in our population ofpatients. First of all,
none of the children with signs of regressed ROP
had a history of a disease which can simulate
ROP changes in its regressed form, such as
familial exudative retinopathy, persistent hyper-
plastic vitreous, incontinentia pigmenti,
X-linked retinoschisis, retinal dysplasia, toxo-
plasmosis, and cytomegalic inclusion disease.'5
Moreover, most ofthe children in our study had a

long follow-up, and no information on other
ocular pathology and systemic diseases with
possible fundus changes was found in the records
than what is reported here. We believe that the
risk of having misdiagnosed some of the fundus
findings is very low.
Most of the findings on regressed ROP were

obtained at a re-examination of the children
during 1987-8, when they were 6-11 years old.
Based on these findings the incidence was 45-5%.
However, among the 134 children who had been
referred to ophthalmologists for different reasons
and who constitute our study group, 27 (20%)
did not come for the re-examination. Available
data showed that the drop-outs represented 25%
of the children with VA -<0 3 (6/18), 37% of
those with VA -0 6 (6/9) in the better eye, 18% of
the myopic children, 16% of the patients with

anisometropia, 30% of the patients with nystag-
mus, and 17% of those with strabismus. Since
there is a connection between such findings and
ROP, it is very likely that the number of patients
with regressed ROP would have been higher if it
had been possible to examine all the patients
properly. Therefore the true incidence of
regressed ROP in premature children born in
Stockholm and who needed ophthlamic care for
different reasons can be expected to fall within
the range 45 5%-65 6%.

It is well established that ROP is commoner in
premature babies of low birth weight than
others. In our material regressed ROP was seen
in about two-thirds of the prematures with birth
weights <1000 g. Similar findings were seen
with regard to immaturity. More than half the
children with gestational age <30 weeks had
ROP.
The most severe forms of regressed ROP were

seen in two blind children. Severe regressed ROP
was connected with reduced visual acuity -0-3
(6/18) in the better eye - that is, with visual
handicap. Children with moderate regressed
ROP or with no signs of regressed ROP never
showed reduced vision to this level.
The role ofROP in the development of ocular

abnormalities is well established.2 16 In our study
a close association could be observed between
regressed ROP and myopia, particularly between
the severe forms of regressed ROP and high
myopia, which is in accordance with previous
reports.41718 The frequency of anisometropia was
higher in children with regressed ROP than in
those who did not present signs of this disease.
Strabismus was slightly commoner in cases with
regressed ROP, and patients with nystagmus
suffered more often than not from sequelae of
ROP. Refractive errors are likely to represent
developmental changes in the eye, probably
induced by the same processes as those under-
lying regressed ROP. Strabismus and nystag-
mus, on the other hand, probably reflect
developmental changes in the central nervous
mechanisms of binocular vision and oculomotor
control, and would therefore not be correlated
with the severity of regressed ROP.
With regard to the ophthalmoscopic findings,

pigmentary changes were the commonest signs of
regressed ROP. Although the evaluation might
be subjective, it is interesting to note that a broad
spectrum of pigmentary changes can be found.
According to the observations of Foos,'9 focal
pigmentations correspond microscopically to
scattered pigmentation of the retina, as a conse-
quence of the intraretinal proliferation at the
time ofinjury. Pigmentary lines might also be the
result of intraretinal proliferations or the
ophthalmoscopic appearance of retroretinal
membranes. These membranes have been
reported in advanced cases of ROP.20 In our
patients we could not see any retroretinal
membrane in cases without retinal detachment.

Vitreous membranes were observed in six eyes
offour patients with regressed ROP in our study.
These membranes may be glial in origin, but, as
Foos has pointed out,20 they can be seen in cases
of arrested ROP in. which the extraretinal vascu-
lar component has been involuted. The clinical
significance of these membranes in arrested ROP

530

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bjo.bm

j.com
/

B
r J O

phthalm
ol: first published as 10.1136/bjo.75.9.527 on 1 S

eptem
ber 1991. D

ow
nloaded from

 

http://bjo.bmj.com/


Regressed retinopathy ofprematurity and its sequelae in children aged 5-10 years

is not well understood. It should be noted that all
these patients except one had visual acuity of 0 5
(6/12) or better in the worse eye, which means
that central retinal function was not markedly
affected. One patient had normal ocular motility,
but the others had strabismus and/or nystagmus.
Unfortunately we have no information on the
retinal conditions of these children during the
neonatal period and early infancy, and we cannot
evaluate the possible morphological changes of
these membranes during the time preceding our
examination.
The high frequency of regressed ROP in our

material strongly indicates that prematurely born
children are an ophthalmological risk group,
with increased incidence of refractive errors,
strabismus, and retinal complications. They
must therefore be carefully followed up during
the period of visual development in order to
prevent visual dysfunction by intervention as
early as possible.

Finally, paediatricians and ophthalmologists
must continue jointly to investigate the condi-
tions that predispose to ROP in the hope of
preventing or at least diminishing the severity of
the disease. For this purpose a study of risk
factors in ROP has been performed.

Part of the results of this paper were presented at the 18th
European Strabismological Association meeting in Krakow,
Poland, on 21-22 October 1989.
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