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Purpose: To investigate cycloplegic refraction and ocular alignment in a population of preterm
children at 1 and 6 years old.

Patients and methods: We included 261 preterm infants with a birth weight =1,500 g and a
gestational age =32 weeks; there were 217 preterm infants (group 1), 28 preterm infants with
mild retinopathy of prematurity (ROP) (group 2), and 16 preterm infants affected by severe
ROP (group 3). Each patient underwent retinoscopy, ocular alignment assessment, and fundus
examination at 1 and 6 years old.

Results: The prevalence of refractive errors and ocular alignment abnormalities at 1 year old
in groups 2 and 3 compared to group 1 were, respectively (P<<0.05): myopia 18% and 40.6%
versus 6.9%; hyperopia 28.6% and 22% versus 39.2%; astigmatism 53.4% and 37.4% versus
53.9%; and strabismus 12.5% and 38% versus 5.3%. At 6 years old, they were, respectively
(P<<0.05): myopia 10.8% and 28.4% versus 7.4%; hyperopia 48.3% and 40.5% versus 62%;
astigmatism 40.9% and 31.1% versus 30.6%; and strabismus 25% and 56.25% versus 11.5%.
Conclusion: At 6 years old, we observed increased rates of both hyperopia and strabismus in all
groups compared to 1-year-old children. In preterm children with mild and severe ROP, we recorded
increased rates of myopia and strabismus versus preterm children without ROP, and the risk of
developing these disorders increased significantly with ROP severity. Astigmatism at 1 year old is
not predictive of further development during growth. Patients born prematurely should be informed
of the possible risks of ocular alterations due to refractive and ocular component changes.
Keywords: refraction strabismus, retinopathy of prematurity, vision screening, visual
impairment

Introduction
Neonatal care has increased the survival rates of extremely preterm infants with birth
weights (BW) =1,000 g, or a gestational age (GA) =28 weeks; at the same time
retinopathy of prematurity (ROP) has become a major threat to visual function.'”
ROP is the most widely recognized cause of visual impairment following preterm
birth, and it is defined as a vision-threatening disease.* ROP is responsible for up
to 15% of all causes of blindness in Western countries, and up to 60% in developing
countries.* A number of risk factors are implicated in the development of ROP, the
most widely recognized of which is the degree of immaturity measured by BW and
GA, together with prolonged exposure to supplementary oxygen.'* ROP is a bipha-
sic disease that has an initial phase of retinal vessel growth retardation (from birth
to 30-32 weeks), and a second phase of vessel proliferation (around 32-34 weeks
postmenstrual age).>® Serious retinopathy until tractional retinal detachment occurs
in 10%—15% of infants with a BW of <1,200 g. Children with ROP are known to
develop refractive errors’ such as myopia, hyperopia, astigmatism, anisometropia, and
other alterations in ocular alignment.®®
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Few studies in the literature have reported the prevalence
of refractive errors and strabismus in preterm infants at dif-
ferent stages of growth.!®!! In particular, several authors
described the impact of myopia and its association with
prematurity.'>!* Myopia of prematurity (MOP) is one of these
features, and it is represented by the arrested development
of the anterior segment, irrespective of ROP, which is dif-
ferent from physiological myopia and myopia secondary to
severe ROP.!413

The aim of the present study was to define a long-term
evaluation of cycloplegic refraction errors and ocular align-
ment abnormalities in a population of preterm children with
and without ROP at 1 year and 6 years of age, resulting from
the close collaboration of our Department of Surgical and
Morphological Sciences (University of Insubria, Varese,
Italy) and Neonatology Unit (Ospedale Filippo Del Ponte,
Varese, Italy).

Patients and methods

In this observational retrospective study, we examined
all preterm infants born between January 1, 1997 and
December 31, 2005 at our Neonatology Unit. We considered
all infants with a BW of =1,500 g and a GA of =32 weeks
as preterm.

A total of 261 consecutive preterm patients were
enrolled. Exclusion criteria were the presence of congeni-
tal cataract or corneal opacities, severe ocular or systemic
malformations precluding refractive examination or ocular
alignment evaluation, patients having undergone ocular
surgery for severe ROP, and patients without complete
medical records. Infants with mild or severe ROP, and
those treated with laser therapy or cryotherapy according
to standard clinical protocols, were included in the study.
Informed consent was obtained from the parents of the
study participants. The study conformed to the tenets of the
Declaration of Helsinki.

Patients were subdivided into one of three groups. In
presence of ROP, we defined stages 1 and 2 as “mild” ROP,
and stages 3, 3 plus, 4, and 5 as “severe” ROP. Visual refrac-
tion, ocular alignment, and fundus examination were docu-
mented on clinical files for all included patients at 12 months
and 72 months from birth, and these were inserted into our
informatics database. With respect to visit scheduling, we
considered acceptable an interval of +45 days for the visit at
month 12 and of £3 months for the visit at the year 6.

Visual refraction was assessed by retinoscopy. Cycloplegic
refraction was measured after three instillations of 1%
cyclopentolate eye drops at 10-minute intervals before the
examination. Spherical refraction, cylindrical power, and

astigmatic axis were assessed for each eye. Refractive errors
were defined as the mean spherical equivalent (MSE):

MSE = sphere + ' cylinder. [1]

Myopia was divided into three categories according to
diopter (absolute value): =3 D; >3 and =6 D; >6 D. Hyperopia
was divided into two groups: =3 D and >3 D. Astigmatism
was divided into two groups (absolute value): =1.5 D
and >1.5 D. We defined refractive anisometropia as a dif-
ference between both eyes that was >1.5 D.

The ocular alignment of preterm children was studied
using the cover test. We defined heterophoria as deviations
that were kept latent by a fusion mechanism, and heterotropia
was regarded as deviations not kept in check by fusion; these
were measured using the prism and/or cover test, as well as
the Krimsky prism reflex test.'® Hence, we only considered
heterotropia as a clinically significant ocular deviation
(strabismus); we evaluated and reported the presence of
heterophorias only as functional defect; it was not significant
with respect to the data collected.

The presence of nystagmus was recorded and ocular
movements were assessed to detect abnormalities. Binocular
function was evaluated with the Lang Stereotest 1.7

The fundus examination was performed using indirect
ophthalmoscopy with a Schepens ophthalmoscope (HEINE
OMEGA 200%; HEINE Optotechnik, Herrsching, Germany).
Fundus characteristics and any ROP-related structural seque-
lae in children were described as normal findings (in the
absence of pathological features) or as pathological findings
in presence of vessel tortuosity, disc pallor, macular distortion
or dragging, macular folds, tractional retinal detachment, and
as a result of laser therapy or cryotherapy.

Cycloplegic refraction and ocular alignment were
compared in patients without ROP to those with mild and
severe ROP at 1 and 6 years of age to evaluate significant
changes. A computerized database was established to
facilitate data management and statistical analysis using
commercial software (Excel 2007; Microsoft Corporation,
Redmond, WA, USA) and GraphPad version 4 (GraphPad
Software, Inc., La Jolla, CA, USA). Two-sample paired
t-tests were used to compare the mean values of the continu-
ous variables between study groups. In all data analyses,
a P-value <0.05 was considered statistically significant.

Results

According to the presence and stage of ROP, group 1
(434 eyes) included 217 preterm infants without signs of
ROP. Group 2 (56 eyes) included 28 preterm infants with
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Table | Summary statistics of the enrolled patients

Patients Eyes Mean GA Mean BW
(week £ SD) (g +SD)
Group | 217 434 29.4+3.1 1,345+34
Group 2 28 56 30.2+34 1,291189
Group 3 16 32 29.3+1.1 1,306+78

Notes: Group |I: no ROP; Group 2: mild ROP; Group 3: severe ROP.
Abbreviations: GA, gestational age; SD, standard deviation; BW, birth weight;
ROP, retinopathy of prematurity.

mild ROP. Group 3 (32 eyes) included 16 preterm infants
with severe ROP. The summary statistics of the included
patients are reported in Table 1, which shows the mean
GA and weight at birth in the three different groups. The
refractive status and ocular alignment rates are shown in
Figures 1 and 2.

In groups 1 and 2, the most represented refractive error
at 1 year old was astigmatism (54% and 53%, respectively),
while at 6 years old it was hyperopia (62% and 48%,
respectively). In group 3, myopia was the most represented
refractive error at 1 year old (41%), and hyperopia was the

most represented at 6 years old (41%). Figure 2 showed the
same rates, which were classified according to the refractive
values. Significant anisometropia (=1.5 D) was reported
in three patients in group 1, two patients in group 2, and
four patients in group 3.

With regard to ocular alignment, the most frequent
deviation in each group was esotropia, both at 1 year old
(Group 1, 3.4%; Group 2, 7.1%; Group 3, 21%) and at 6 years
old (Group 1, 8.2%; Group 2, 15%; Group 3, 31.25%).

Only two cases of nystagmus were observed in group 1;
three cases of nystagmus were identified in group 3.

Discussion

The most active stage of ocular development is known to
be from 6 months in utero to term.’> While previous studies
focus particularly on the development of myopia, in the
present study, we have considered all refractive errors —
myopia, hyperopia, and astigmatism — together with the
presence of strabismus at two different stages of infant
growth.
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Figure | Refractive error prevalence at | year old and 6 years old in all groups.

Notes: (A) | year old; (B) 6 years old. ¥P<<0.05: statistically significant differences of groups 2 and 3, respectively, versus group |.

Abbreviation: ROP, retinopathy of prematurity.
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Figure 2 Refractive error prevalence at | year old and 6 years old in all groups.

Note: Analysis of different classes according to refractive power (see figure legend).

Abbreviation: ROP, retinopathy of prematurity.

Myopia is present in preterm infants, and its prevalence
increases with the degree of prematurity and with ROP
severity.!®20 Some authors have already described
three types of myopia associated with prematurity.'>!* The
first is physiological myopia, which is associated with pre-
mature birth and stage of gestation. It is secondary to a flat
anterior chamber, increased corneal curvature, and a spherical
lens. The second type is called MOP, which is the arrested
development of the anterior segment, occurs irrespective
of ROP. MOP is characterized by a short axial length, a shal-
low anterior chamber, and a thick lens.'*!* The third type of
myopia is secondary to severe ROP. It can vary from mild
to severe, and it is stable throughout childhood. In our study
(Figures 1 and 2), the prevalence of myopia was significantly
higher in preterm children with severe ROP, compared with

Group 3
severe ROP

those without ROP at 1 year old (40.6% versus 7%,
respectively; P<<0.05) and 6 years old (28% versus 7%,
respectively; P<<0.05). Moreover, at 6 years old, in accor-
dance with Garcia-Valenzuela and Kaufman in 2005,
our study underlined incremental rates of myopia that were
higher than 3 D in patients with severe ROP compared with
patients with mild or no ROP, probably due to a mechanism
of altered anterior segment development (Figure 2).

It is known that infants at term are commonly hyperme-
tropic, and this kind of refractive error is primarily axial.”!
Figure 1 clearly shows the increased prevalence of hyperopia
in each study group at 6 years old compared to the situation
observed at 1 year old. O’Connor et al?? reported that 20.5%
of preterm eyes become more hyperopic at age 10 years.
In accordance with Haugen et al® our study showed that
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hypermetropic refractive error was prevalent between
0 D and 3 D rather than >3 D at both visits (Figure 2). High
hyperopia was found in only one child, who was affected
by microphthalmia and severe ROP, which was treated with
cryotherapy.

The prevalence of astigmatism, in accordance with
Larsson and Holmstrom,* decreased in all groups at 6 years
old compared to the situation at 1 year old (Figure 1). Corneal
curvature might be influenced by prematurity, and some stud-
ies have suggested that abnormally steep curvature disappears
gradually during infancy.? The presence of astigmatism might
be caused by an arrest in the normal process of emmetropiza-
tion.?® It is well known that preterm birth influences the process
of emmetropization by arresting the development of the ante-
rior segment (induced by temperature decreases during corneal
growth), or by causing biological stress (retinopathy).”*"?
In contrast with the evidence we observed with patients who
were 6 years old, Theng et al® found increasing degrees of
astigmatism in premature infants during the first 3 years. Our
study concluded that the presence of astigmatism at 1 year old
is not predictive of further development of this defect during
a child’s development (Figures 1 and 2).

The high incidence of strabismus in preterm children
has an unclear pattern of development and etiology, which
has implications for its management. Strabismus may be
attributed to ROP, increased refractive errors, anisometropia,
BW, and neurological impairment.>**! Shah et al*? described
occipital brain volume reduction in preterm children affected
by strabismus. Schalij-Delfos et al** found that the rate of
strabismus increases with decreasing GA. The incidence of
strabismus in our study (Figure 1) was significantly higher in
preterm children with mild and severe ROP (P<<0.05) when
compared to children without ROP at 1 year and 6 years of
age. Moreover, manifest strabismus was associated with
hyperopia (esotropia), and in many cases with myopia
(exotropia), but further investigation in this area is needed.
Many authors have found that the onset of strabismus in
preterm infants is variable, which influences the planning
of long-term follow-up and care.**3

We found that nine out of 217 preterm children (1.6%)
were affected by anisometropia. In accordance with other
authors, we noted a low prevalence of anisometropia in ROP
patients (six ROP cases): ROP is always symmetric in both
eyes and it doesn’t represent a risk factor for a different ocular
development might be influenced in the same way.>¢

This study presented some limits. 1) The number of
patients included in groups 2 and 3 presenting with different
stages of ROP is limited, as the treatment of preterm children
nowadays has changed and severe stages of ROP are rare.

2) Astigmatism was evaluated using retinoscopy rather than
keratometry. This modality was necessary in order to make
this evaluation possible in infants, as keratometry requires
good patient/physician collaboration; moreover, a cycloplegic
autorefraction/autokeratometry was not available. 3) Many
authors have previously studied the relationship between
refractive errors and premature birth: some differences in
the prevalence rates of myopia, hyperopia, astigmatism, and
anisometropia can be largely attributed to the different BW
and GA criteria used to define a preterm infant.®!"1638

Conclusion
Refractive errors and strabismus are common in preterm
children. We observed increasing rates of both hyperopia
and strabismus in all preterm children at 1 year and 6 years
old, and these findings might be considered as refractive
sequelae of preterm birth. Our study shows that the rate of
astigmatism measured via retinoscopy might be a marker of
eye immaturity in all preterm children. As per the findings
in the literature, decreased prevalence of astigmatism at
6 years old might explain the progressive development and
modification of anterior segment structures (mostly corneal
curvature). The prevalence of myopia and strabismus in
preterm children with ROP is significantly higher (P<<0.05)
than in those without ROP, and the risk of these disorders
increases significantly (P<<0.05) with the severity of ROP.
These disorders must all be recognized early in preterm
children. Particularly in patients with ROP, early and long-
term follow up is important for correct lens prescription to
avoid severe amblyopia in adulthood. Moreover, in our study,
we found that the presence of astigmatism at 1 year old is not
predictive of the further development of this defect during
child growth. The importance of ophthalmological visits in
childhood should be emphasized. Further studies are needed
to examine refractive error changes in preterm patients during
adolescence up to adulthood.
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