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Strabismus in very low birth weight
and/or very preterm children:
discrepancy between age of onset
and start of treatment

Abstract Very low birth weight
(VLBW; less than 1500 g) and /or
very preterm children are at risk for
strabismus. However, the age of on-
set of strabismus is still unknown.
The present study reports on the fre-
quency of strabismus in 450 5-year-
old children born with a birth weight
of less then 1500 g and/or with a
gestational age below 32 weeks. The
age at which strabismus was initially
diagnosed was determined retrospec-
tively. At 5 years of age 65 of the at-
risk children (14.4%) presented with
strabismus. Fifteen of them (3%) had
at that age not been referred to or
treated by an ophthalmologist. At 3
years of age only 28 strabismic chil-
dren were being treated; 7 at-risk
children (2%) had been treated for
strabismus before the end of the 1st
year. These results were compared to
those from a second study in which
eye alignment was longitudinally ex-
amined in 194 VLBW children from
6 weeks until 12 months of (cor-
rected) age and additionally in 65 of
these children at the age of 2.5 years.
At a first glance, the frequency of
strabismus in the longitudinal study
seemed rather stable during the first
2.5 years of life, with values varying
between 14% and 18%. However,
only a small percentage of misalign-
ments which were noted at 6 weeks
of age persisted until 2.5 years. On

the other hand, if children had a mis-
alignment at 9 months, strabismus
was still present when they were re-
examined at 1 and at 2.5 years of
age. In order to prevent the rather
high incidence of untreated strabis-
mus, screening programmes for at-
risk children should focus on diag-
nosing strabismus at 9 months of
(corrected) age. Because strabismus
can also develop after this age, it is
important to re-examine ocular align-
ment at later ages.

Key words Very low birth weight
Strabismus - Vision screening

Abbreviations OKN optokinetic
nystagmus - POPS Project on
preterm and small for gestational age
infants in The Netherlands 1983
VLBW very low birth weight (birth
weight <1500 g)
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Introduction

Very low birth weight (VLBW, less than 1500 g) and/or
very preterm (i.e. after a gestational age below 32 weeks)
children are known to be at risk for developing strabismus
4,7, 11, 12, 14, 18, 21]. However, the age of onset of
strabismus in these at-risk children is still unknown. Stra-
bismus may cause impaired binocular visual functions
and amblyopia. Although the possibilities and methods to
restore binocular functions in children with early onset
strabismus is still controversial, treatment of amblyopia
can be effective when started at an early age. As a conse-
quence, knowledge about the onset of strabismus in at-
risk children is essential.

Literature data on the prevalence of strabismus in nor-
mal full-term children and in children whose birth weight
had been less than 1500 g (VLBW) are illustrated in Fig.
1. Archer et al. [1] reported that in normal full-term in-
fants early onset strabismus becomes evident between the
2nd and 4th month of life, and that the prevalence of per-
manent strabismus is 0.5% at 6 months of age. Other au-
thors showed a gradual increase of strabismus in full-term
children with values of 3%-5% at 5 years of age [2, 5, 6,
8,9,13, 15, 17, 20].

In VLLBW children the prevalence of strabismus is much
higher. In a retrospective, mainly cross-sectional study on
the effect of VLBW on visual development during the 1st
year after term, Van Hof-van Duin et al. [21] reported a
high incidence of strabismus convergens in VLBW in-
fants between 3 and 9 months of corrected age (28%-
30%), followed by a decrease to 14.5% at 1 year. As
shown in Fig. 1, most authors reported 10%—20% strabis-
mus in VLBW children of 9 months up to 8 years of age
[4, 7, 11, 12, 14, 18]. Until now longitudinal studies on
the frequency of strabismus in VLBW children during the
first years of life are lacking.

AGE (years)

The present cross-sectional study reports on the fre-
quency of strabismus in 5-years-old at-risk children who
were born with a birth weight of less then 1500 g and/or
after a gestational period below 32 weeks. The age at
which strabismus was first diagnosed was determined ret-
rospectively. We also present results from a second study
in which the incidence of strabismus in VLBW children
was followed longitudinally from 6 weeks until 12 months
of life, and in some of them until the age of 2.5 years.
Comparison of the results from both studies will show
whether discrepancies exist between age of onset of stra-
bismus and start of treatment; as a consequence they will
give an indication whether or not the present care for at-
risk children is sufficient for early detection of strabismus.

Patients and methods

The first study population consisted of a geographical subpopula-
tion of a nationwide prospective study, the Project on preterm and
small for gestational age infants (POPS), concerning all infants (n =
1,338, born alive in The Netherlands in 1983 with a birth weight of
fess than 1500 g (i.e. VLBW) and/or after a gestational age below
32 completed weeks [3, 22]. Of this national study, 541 children,
who lived within reasonable travelling distance from Rotterdam but
were otherwise representative of the entire population of 966 sur-
viving 5-year-olds, were invited to co-operate with a cross-sectional
study on the long-term effects of VLBW and/or very preterm birth
on visual development. An extensive visual examination, including
the assessment of eye alignment, was carried out in 450 out of the
541 invited children (83%) at the department of Physiology I of the
Erasmus University Rotterdam. Although parents of 91 children
chose not to participate, the reasons of their refusal did not seem to
bias the outcome. Birth weights of the 450 at-risk children ranged
from 560 to 2580 g (median 1335 g) and gestational ages ranged
from 26 to 38.8 weeks (median 31 weeks); 364 children were born
with a VLBW, 303 children after a gestational period below. 32
weeks and 217 were both VLBW and very premature.
The second, longitudinal study consisted of 194 out of all (278)
VLBW children who were admitted to the neonatal intensive care
unit of the Sophia Children’s Hospital in Rotterdam between 1 Au-
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gust 1985 and 1 January 1988. This unit serves as a tertiary refer-
ral centre for the South West of the Netherlands with approxi-
mately 25000 deliveries per year. Visual functions (including the
presence or absence of strabismic deviations) were tested longitu-
dinally in 194 of the 222 surviving infants at 6 weeks, 3, 6, 9, and
12 months of corrected age during out-patient visits to the hospital
for paediatric follow up. Additionally, a subgroup of 65 out of the
81 VLBW children, who were born between 1 August 1985 and 1
Aungust 1986 and survived the 1st year of life, were visually as-
sessed at 2.5 years of life. Birth weights of the 194 VLBW chil-
dren ranged from 660 to 1499 g (median 1160 g) and gestational
ages from 24.8 to 37 weeks (median 30.3 weeks).

In both study groups the presence of strabismus was assessed
by examining symmetry of the corneal light reflex (Hirschberg’s
method) and by using the cover test [23].

Results

At 5 years of age 65 out of the 450 at-risk children of the
first, cross-sectional study (14.4%) presented with strabis-
mus; 46 children (10.2%) were convergent (of whom 40
continuous and 6 intermittent) and 19 (4.2%) divergent (5
continuous and 14 intermittent). The ratio convergent/di-
vergent strabismus was 2.4. In 2 additional children the
eyes were found aligned at the age of 5 years, after surgi-
cal correction for esotropia at earlier ages. The distribu-
tion of strabismus amongst the various subgroups was
not statistically different (%2 > 0,05), with a frequency of
strabismus of 14.8% in VLBW children (n = 364), 14.9%
in children born after a gestational period below 32 weeks
(n=303), and 15.7% in children who were both very pre-
term and VLBW (n = 217).

In order to determine the age at which strabismus had
been diagnosed for the very first time, information was
obtained with the parents’ consent, from all ophthalmolo-
gists to whom the children had been referred. Fifty-two
out of the 65 children with strabismus at 5 years had been
or were treated by an ophthalmologist. Ophthalmological
information was received on 46 children. In the remaining
6 children information obtained from the parents could be
used to establish a reasonable estimation of the age stra-
bismus had appeared. Seven children of the 65 5-year-
olds with strabismus (10.8%) were seen by an ophthal-
mologist for strabismus during the 1st year of life; 28 at 3
years of age (43.1%), 37 at 4 years (56.9%) and 50 at 5
years (76.9%). However, at 5 years 15 of the 65 strabis-
mic children (23%) had never been seen by an ophthal-
mologist. Nine of these children showed intermittent and
six continuous strabismus.

In the second study 194 VLBW children were tested
longitudinally during the first 12 months after term (17
were tested once, 17 twice, 18 three times, 73 four times
and 69 at all five test ages). The percentages of children
actually tested for strabismus ranged between 68% at 9
months and 79% at 6 months (see Table 1). At 2.5 years of
(corrected) age 65 of the intended 81 children (80%) were
tested. As shown in Table 1, the frequency of strabismus
was rather stable during the first 2.5 years of age, with

Table 1 Numbers of tested children and prevalence of strabismus
in 194 VLBW children tested longitudinally during the first 12
months of life (corrected age) and in a subgroup of these children
at 2.5 years

Children Convergent Divergent  Total

tested strabismus  strabismus  strabismus
6 weeks 145 (714.7%) 10 (6.9%) 16 (11.0%) 26 (17.9%)
3 months 147 (7157% 18 (11.2%) 7 (4.8%) 25(17.0%)
6 months 153 (78.9%) 15 (9.8%) 8 (5.2%) 23(15.0%)
9 months 132 (68.0%) 13. (9.8%) 6 (4.6%) 19 (14.4%)
1 year 144 (74.2%) 18 (12.5%) 4 2.8%) 22(15.3%)
2.5 years 65 (80.3%) 9 (13.8%) 2 (3.0%) 11(16.9%)

Prevalence of strabismus in 450 VLBW and/or very preterm born
children tested cross-sectionally at 5 years of age?

5 years 450 46 (10.2%) 19 (4.2%) 65 (14.4%)

2 Excluding 2 cases who had been surgically corrected at earlier
ages

values varying between 14% and 18%. The lowest preva-
lence occurred at 9 months.

A remarkable finding was, however, that some of the
children with either divergent or convergent strabismus at
6 weeks of (corrected) age were found aligned at later
ages. On the other hand, in other children strabismus was
not present at 6 weeks and/or 3 months, but developed at
a later age. In order to further evaluate this phenomenon
the prevalence and incidence of strabismus were com-
pared at the different testing ages.

At 6 weeks, 26 out of 145 (17.9%) tested children had
strabismus. However, in only 5 did strabismus remain
present at all later test ages; in 1 child strabismus was
still present at 3 months but had disappeared at later
test ages and in 13 children strabismus had disappeared
from 3 months onward; in 4 cases strabismus had resolved
at 3 months, but reappeared later on. Unfortunately, the
course of strabismus could not be evaluated in 3 children
because of lack of follow up. Of the 119 children with a
normal eye-alignment at 6 weeks, 19 presented with stra-
bismus at a later age. Furthermore, of the 49 children who
were not tested at 6 weeks, at least 13 had strabismus at
one or more examinations later on.

At 3 months, 25 out of 147 (17%) tested children had
strabismus, of whom in 19 cases strabismus was diag-
nosed for the first time. Strabismus remained present at
later examinations in 14 of the 25 children. On the other
hand, strabismus disappeared later in 9 children (in 8 cases
from 6 months onward and in one child afier 6 months).
Follow up was lacking in 2 cases. In 11 of 122 children
with normal eye alignment at 3 months, strabismus devel-
oped at a later age. Of the 47 children who were not tested
at 3 months, at least 8 presented with strabismus at later
test ages.

At 6 months, 23 of the 153 tested children (15.0%)
were strabismic, of whom in 8 children strabismus was
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noted for the first time. Strabismus remained present at all
later examinations in 16 of the 23 cases, but had disap-
peared in 3 of them at 9 months, whereas no follow up
was possible in 4 children. In 6 of the 130 children with a
normal eye-alignment at 6 months strabismus developed
at a later age. At least 4 of the 41 children who were not
examined at 6 months, had strabismus later on.

At 9 months, 19 of the 132 examined children (14.4%)
had strabismus, of whom in 3 cases strabismus was noted
for the first time. In 18 of the 19 cases strabismus was still
present at 12 months, whereas follow up was lacking in
one strabismic child. In 2 of the 113 children with normal
eye-alignment at 9 months, strabismus developed later on.
At least 3 of the 62 children who were not tested at 9
months, had strabismus at a later age.

At 12 months, 22 of the 144 tested children (15.3%)
had strabismus, of whom in 2 strabismus was noted for
the first time.

At 2.5 years only 65 of the 81 surviving VLBW chil-
dren born between 1 August 1985 and 1 August 1986
were examined. Strabismus was diagnosed in 11 children
(16.9%), of whom in 2 for the first time, whereas in 9
cases strabismus had been present from 9 months (n = 6)
and/or 12 months (n = 7) onward. One of the 54 children
with normal eye-alignment at 2.5 years had been conver-
gent at 12 months.

Discussion

Our results confirm earlier reports that strabismus is a
frequent finding in at-risk children, occurring as often in
5-year-olds born with a VLBW (14.8%) as in those whose
gestational age had been below 32 weeks (14.9%). In
the longitudinal study of VLBW children, the prevalence
of strabismus ranged between 14% and 18% from 6
weeks until 2.5 years of age. In an earlier study Van Hof-
van Duin et al. [21] reported higher percentages of con-
vergent strabismus in VLBW infants between 3 and 9 months
(28%—-30%) decreasing to 14.5% at 1 year (see also
Fig.1). However, those results are not comparable to the
present ones, becauses they represented a retrospective,
mainly cross-sectional study with a bias to re-examine vi-
sually impaired children. Furthermore, since in that study
only 11% of the VLBW infants were examined at all test
ages, the high percentage of strabismus between 3 and 9
months could be caused, according to the authors, by a
spurious statistic due to different infants tested at different
ages.

In the present cross-sectional study of 5-year-olds born
with a VLBW and/or very preterm, the frequency of stra-
bismus was 14.4%. This frequency is slightly lower than
the 19%, recently reported in the nationwide POPS study
[3], of which our 450 at-risk children were a geographical
subpopulation. This difference can partly be explained by
the fact that in the nationwide study patients were exam-

ined during home visits by a paediatrician, which allowed
examination of non-ambulant children. Secondly, it is
possible that during home visits heterophoria was diag-
nosed as strabismus. In our study a rather high frequency
of heterophoria was found to be present in the at-risk chil-
dren (41.1%), whereas the percentage heterophoria in the
nationwide study is not mentioned.

Althought the cause of strabismus in VLBW and very
preterm born children is still unknown, strabismus seems
to be rather of cerebral than of ophthalmological origin. It
is generally known that VLBW and/or very preterm chil-
dren are at risk for pre- and perinatal cerebral distur-
bances, and an association between cystic periventricular
leucomalacia diagnosed by uvltrasound and the occurrence
of strabismus has been demonstrated [7]. Furthermore, it
is known that 40%—60% of children with cerebral palsy
will develop strabismus [10].

From the results of the present longitudinal study it is
clear that the incidence of strabismus in VLBW children
is already very high throughout the 1st year of life. How-
ever, in only 5 out of 26 children with an abnormal eye
alignment at 6 weeks of corrected age, strabismus re-
mained present at all later test ages. In addition, as shown
in Table 1, eye deviations at 6 weeks were usually diver-
gent. It seems therefore, that misalignments at 6 weeks of
age in at-risk children possibly represent a delayed devel-
opment of conjugated eye movements and binocular fixa-
tion. Results of the present study show that most children
with unconjungated eye movements at 6 weeks appeared
to develop normal eye alignment before 6—9 months of
age. With increasing age the percentage of children with
persisting strabismus became higher: at 3 months 14 chil-
dren (9.5%) had permanent strabismus, at 6 months 16
children (10.4%), and at 9 months 18 children (13.6%). If
misalignments were present at 9 months, they persisted
until the age of 2.5 years. On the other hand, the incidence
(new cases) of strabismus decreased after 6 weeks of age
from 19 children (12.9%) at 3 months to 2 children (1.4%)
at 1 year, but at 2.5 years, at least 2 other new cases of
strabismus (3.0%) were diagnosed.

As a consequence, the present results indicate that the
optimal age for early detection of persistent strabismus in
at-risk children is at 9 months of (corrected) age. How-
ever, children should be re-examined at.later ages, be-
cause new cases of strabismus have been demonstrated in
older children. Screening before 3 months of age seems to
be inefficient, because many VLBW children tend to have
unconjugated eye movements during this period.

Although the results of the present study indicate that
strabismus in at-risk children has an early onset (before
6-9 months of corrected age), the characteristics of this
strabismus have little resemblance with the so called
‘early onset’ or ‘essential infantile strabismus’ as de-
scribed in full-term children. Characteristics of ‘essential
infantile strabismus’ are amongst others an onset of stra-
bismus before the age of 6 months, dissociated vertical
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deviation, presence of latent nystagmus, cross-fixation and
a directional asymmetry of the monocular optokinetic
nystagmus [16, 19, 24]. Of the 65 5-year-old at-risk chil-
dren with strabismus in the present study, only 5 children
(1.1%) showed dissociated vertical deviation, 2 children
(0.4%) latent nystagmus, 2 children (0.4%) cross-fixation,
and 34 children (7.6%) asymmetrical monocular optoki-
netic nystagmus.

It is generally accepted that early detection of strabis-
mus is essential for optimal results of treatment and for
the prevention of amblyopia. The primary goal in the
management of strabismus is to correct associated refrac-
tive errors and amblyopia. Secondarily, surgery of eye
muscles can be performed to correct larger angles of stra-
bismus. In other words, ‘treatment’ of strabismus gener-
ally includes a period of occlusion therapy, until fixation
preference is abolished, followed by surgery. Only rarely
is normal eye alignment with normal binocular vision ob-
tained and often a small angle of strabismus will remain.
In the present study all 5-year-old at-risk children were
routinely followed up by paediatricians from birth until 2
years of (corrected) age; after this age they were included

in the Dutch Child Health Care Programme. Despite this
health care, most children with strabismus were referred
to an ophthalmologist for the first time after the age of 1
year, whereas at 5 years of age, 15 out of 65 strabismic at-
risk children had never visited an ophthalmologist. The
discrepancy between the time of onset of strabismus and
the age of diagnosis might possibly be caused by difficul-
ties in orthoptic examination of small infants. Also, small
angle strabismus could remain unnoticed during regular
Child Health Care follow up. Moreover, at-risk children
with visual dysfunctions often have additional impair-
ments in other sensory or neuromotor functions and men-
tal development, which may delay the first visit to an oph-
thalmologist. In practice the often long waiting-lists of
ophthalmologists may bring about a further delay.
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