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Purpose: The aim of our study was to evaluate strabismus and refractive aspects in premature infants at risk of developing retinopathy of 
prematurity.
Material and method: All infants with gestational age less than 34 weeks and birth weight below 2000 g who were born or transferred to 
the Neonatology Intensive Care Unit or who were hospitalized in the Premature Neonatology Clinic of Tîrgu Mureș between January 2008 and 
March 2009, were enrolled in a prospective study regarding the development of strabismus and refractive errors. Patients were subdivided 
in three groups: group A – prematures without retinopathy of prematurity, group B – prematures with spontaneously regressed retinopathy of 
prematurity and group C – prematures with laser treated retinopathy. The first examination was performed at 4 to 6 weeks after birth, followed 
by others depending on eye fundus appearance, until complete vascularization of retina, or involution of retinopathy occurred. Complete 
ophthalmological assessment took place at 6 months, and 3 years.
Results: Of the 240 eyes of 120 premature infants included in our study, the incidence of retinopathy was recorded in 20%. At 3 years follow-
up, the overall incidence of myopia was 6.3%, hyperopia was noticed in 85%, astigmatism in 8.75%, while strabismus appeared in 11.3% of 
the studied eyes. The incidence of myopia, astigmatism and strabismus was higher in eyes with retinopathy of prematurity, particularly in laser 
treated eyes, while higher hyperopia appeared in eyes without retinopathy.
Conclusions: Premature babies with retinopathy of prematurity have higher rates of strabismus and refractive errors, particularly myopia. 
Long-term follow-up of these babies is mandatory for early detection and treatment of these ocular problems.
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Introduction
Retinopathy of prematurity (ROP) is not only one of the 
most common cause of blindness in children worldwide, 
but due to early or delayed complications it represents one 
of the major causes of visual loss. In addition to the com-
plications in the acute phase of ROP (especially retinal de-
tachment), the following complications may occur after 1 
to 30 years:

A. Structural complications:
 – late retinal detachment;
 – macular dragging with macular heteropia;
 – retinal folds;
 – lattice like degeneration;
 – retinal tears.

B. Functional complications:
 – strabismus;
 – nistagmus;
 – refractive errors;
 – amblyopia;
 – decreased visual acuity;
 – visual field changes;
 – secondary glaucoma.

due to these complications, careful follow-up of prema-
tures with risk of ROP is required, on regular basis, more 

frequently for the youngest children and at least once per 
year for older ones.

Material and method
During January 2008 – January 2012 all preterm infants 
born or transferred to the Neonatology Intensive Care 
Unit, as well as those admitted to the Tîrgu Mureș Prema-
ture Neonatology Clinic and presented risk of developing 
ROP underwent screening. Among them, those who were 
born between January 2008 and March 2009 were evalu-
ated in terms of strabismus and refractive errors at the age 
of 6 months, and 3 years.

In our study, the eligibility criteria were:
 – premature newborns with gestational age (GA) ≤34 
weeks and birth weight (BW) ≤2000 g,

and as exclusion criteria we used:
 – premature newborns with GA >34 weeks and/or 
BW >2000 g;

 – premature newborns with GA ≤34 weeks and BW 
≤2000 g who have missed one or more follow-up 
controls;

 – preterm infants with congenital anomalies;
 – on term newborn. 

According to the presence and severity of ROP disease, 
the study population was divided into three groups, as fol-
lows:

 – group A – prematures without ROP;
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 – group B – prematures with spontaneously regressed 
ROP;

 – group C – prematures with laser treated ROP. 
Follow-up assessment included orthoptic exam, cyclo-

plegic refraction (skiascopy and autorefractometry) and 
ophthalmoscopy.

The clinical data were evaluated using the chi-square 
test. Differences were considered to be statistically signifi-
cant for p values smaller then 0.05.

Results
Our lot of premature babies evaluated until the age of 
three years included 120 children (240 eyes), represent-
ing 82.75% of all prematures who were born between 
January 1, 2008 and March 31, 2009 (145 newborns) 
and presented risk for developing ROP. From a total of 
240 eyes, 48 eyes (20%) have developed various stages 
of ROP, while the rest of 192 eyes (80%) did not have 
any type of retinopathy of prematurity. From the eyes 
with ROP, in 75% of our cases, ROP regressed spon-
taneously, while 25% of them required laser therapy. 
Therefore, the overall incidence of laser treated eyes was 
5% with a positive result after treatment – a regression 
of active ROP.

The first assessment (at 6 months)
Ophthalmologic examination at 6 months revealed an 

overall strabismus incidence of 11.3% (27 eyes). Among 
them, 55% (15 of 27 eyes) were eyes without ROP, 26% 
(7 of 27 eyes) were patients with spontaneously regressed 
ROP and 19% (5 of 27 eyes) were cases with laser treated 
ROP (Figure 1).

Myopia occurred in 5% (12 eyes), with an incidence 
of 0% in eyes without ROP, 33% (4 of 12 eyes) in those 
with spontaneously regressed ROP and 67% (8 of 12 eyes) 
in those with laser treated ROP (Figure 2). Mean equiva-
lent spheric (MES) of myopia was –1.00 D for those with 
spontaneously regressed ROP, and –7.625 D for the laser 
treated group.

Hyperopia occurs with an overall incidence of 86.3% 
(207 of 240 eyes). The highest incidence of hyperopia was 
found in the group without ROP (94.8%, 182 of 192 
eyes). For the regressed ROP group, the incidence of hy-
peropia was 69.4% (25 of 36 eyes), while hyperopia wasn’t 
noticed in patients with laser treated ROP. 

The second assessment (at 3 years)
At the age of 3 years, we recorded strabismus in 10.8% of 
the eyes (26 of 240 eyes). The incidence slightly decreased 
in those without ROP – 6.8% (13 of 192 eyes) and had 
slightly increased in patients with regressed ROP – 22.2% 
(8 of 36 eyes), while in the treated group it remained con-
stant – 41.7% (5 of 12 eyes)(Figure 3 and 4). Regarding 
the type of strabismus, 92.6% (25 of 27 eyes) had conver-
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Fig. 1. Incidence of strabismus at 6 months
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Fig. 3. Incidence of strabismus at 6 months
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gent strabismus, while divergent strabismus was present in 
7.4% of cases (2 eyes). 

Regarding the association of strabismus with refractive 
errors, we noticed a close correlation between them. Thus, 
in patients without ROP and in those with regressed ROP 
hyperopia prevailed (83.3% and 75% respectively), while 
myopia was frequently associated with strabismus in the 
laser treated group (80%) (Figure 5).

The incidence of myopia at the age of three has slightly 
increased compared to values recorded at 6 months, to 
6.3% (15 of all studied eyes). In patients with regressed 
ROP we found an increased incidence of myopia (13.9%, 
5 of 36 eyes) compared to that at 6 months, while for those 
without ROP or who received laser treatment it remained 
constant (1% and 66.7% respectively) (Figure 6). Mean 
equivalent spheric of myopia was –0.75 D in patients 
without ROP, –1.00 D for spontaneously regressed ROP 
cases and –8.00 D in laser treated infants.

At the age of three, 85% (204 eyes) had hyperopia, the 
incidence being slightly smaller compared to the incidence 
at 6 months, both in the group without ROP (93.8%, 180 
of 192 eyes) and in the group with regressed ROP (66.7%, 
24 of 36 eyes). At this age, we haven't found any case of 
hyperopia among those with laser treated ROP (Figure 7).

Astigmatism was most properly evaluated at the age of 3 
years, by using the autorefractometry method, which gives 

more accurate values compared with skiascopy used at 6 
months. The overall incidence of astigmatism noticed in 
our study was 8.8% (21 eyes). Among them, 68% were 
recorded in patients included in the group without ROP, 
23% were observed in cases with regressed ROP and 9% in 
laser treated group (Figure 8). 

Discussions

1. Strabismus
For a baby younger than 6 weeks it is impossible to diag-
nose strabismus, due to the lack of coordination in the eye 
movements [1]. For a good visual development it is essen-
tial to correct strabismus during childhood by medical or 
surgical means. The rising of the incidence of strabismus 
in premature infants is confirmed by numerous studies 
[2,3,4], being attributed to the following distinctive or as-
sociated conditions:

 –  the presence of ROP [5,6];
 –  the rising incidence of refractive errors [7];
 – associated neurological damage [8].

We found an incidence of strabismus of 11.3% at the 
first assessment (at the age of 6 months) and 10.8% at 
the second assessment (children aged 3 years). These per-
centages are similar to those reported by Schaffer et al. 
[9] and by Robinson et al. (11–12%) [10]. Other inter-
national studies showed higher incidence of strabismus 
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Fig. 5. Association of strabismus with refractive errors
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Fig. 7. Incidence of hyperopia at 6 months and 3 years
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(12.5–24.1%) among premature infants at risk for ROP 
[11,12,13]. 

Comparing the incidence of strabismus at 6 months and 
at 3 years in the ROP group (25%, respectively 27%) and 
within the non-ROP group (7.8% at 6 months and 6.8% 
at 3 years) a statistically significant association between the 
presence of ROP and the development of strabismus is as-
certained (p = 0.0007). Therefore, ROP is a risk factor for 
strabismus appearance. This result is in concordance with 
other studies. Thus, Darlow et al. [6] found an incidence 
of strabismus of 19% in infants without ROP and 33% in 
those with ROP (a sample of 338 prematures). Bremmen 
et al. [5] reported an incidence of 3.78% strabismus in 
cases without ROP and 18.63% in ROP patients, while 
Cats et al. [18] showed that the incidence of strabismus 
ranged from 23–47% in infants with ROP compared with 
10–20% for premature infants without ROP. Instead, 
Robinson et al. [10] reported a greater incidence of stra-
bismus in the group without ROP (25%) compared with 
the ROP group (20%), hence no significant association 
between strabismus and ROP.

In terms of therapy influence on strabismus develop-
ment, our study shows that there is no significant associa-
tion between the applied treatment and strabismus (p = 
0.124).

Strabismus evaluation data across ages show that at 3 
years, from the eyes without ROP, two eyes had no strabis-
mus, while a case has yet occurred in infants with regressed 
ROP. All of the ROP treated children have developed a 
non-accommodative strabismus at the age of 6 months 
which remained constant even at 3 years. Accommoda-
tive strabismus (associated with hyperopia >3.00 D) was 
recorded with increased frequency in the non-ROP group. 
Instead, in the ROP group, non-accomodative strabismus 
prevailed in association with more frequent myopia and 
astigmatism aspects.

2. Refractive status

Myopia
While in early childhood, there is a high incidence of hy-
peropia in babies born at term, and with eye growth em-
metropia occurs [14], in premature infants there is usually 
an increased incidence of myopia [15].

Allistair et al. [16] reported that there are three types of 
myopia associated with prematurity:

1. physiological and temporary – lasting from birth un-
til the age of 40–42 weeks, due to a smaller anterior 
chamber (CA), an increased corneal curvature and a 
wider crystalline lens. In utero, the flattening of the 
cornea occurs between 27–40 weeks, so in premature 
infants the lack of flattening translates into an increa-
se in corneal refractive power.

2. myopia of prematurity – which appears due to failure 
of anterior segment development, being independent 
of the presence of ROP. Its features are: shorter ocu-

lar axis compared to the refractive power of the eye, 
smaller CA and more spherical crystalline lens.

3. myopia caused by severe ROP – it seems to be due 
mainly to structural changes than to applied thera-
py. It can occur in the whole range of strength, from 
lower myopia to very high myopia and appears to be 
stable in early childhood, unlike other types of myo-
pia which are not related to prematurity.

Besides myopia, there are other refractive errors, such as 
astigmatism, anisometropia (the optical power difference 
between the two eyes is greater than 2.00 D), which can 
be found with higher frequency in pre-term infants com-
pared to term babies [17]. In our study, the overall inci-
dence of myopia was 5% at 6 months and 6.3% at 3 years. 
Holmstrom [2] reports similar incidences for myopia, 8% 
at 6 months and 10% at 30 months, while Tuppurainen 
et al. [12] have found an incidence of 8.6% at 6 months. 
Our study shows a major difference between children with 
and without ROP in terms of myopia incidence. Thus, 
for the group without ROP the incidence of myopia at 6 
months and 3 years was 1%, while for the group with ROP 
(both regressed and treated cases) the incidence of myopia 
was significantly higher: 25% at 6 months and 27% at 3 
years. Other studies [18,19] have reported an incidence of 
29–50% for the ROP group and 10–15% for the group 
without ROP, while Robinson [10] in a british study from 
1993 noticed an incidence of myopia of 27.5% for the 
ROP group and 8.8% for the non-ROP group. 

By comparing the incidence of myopia between the 
group of patients with spontaneously regressed ROP ver-
sus the group with laser treated ROP, we observed higher 
values of incidence for the treated group: 66.7% vs. 11.1% 
(at 6 months) and 66.7% vs. 13.8% (at 3 years), hence 
a statistically significant association between myopia and 
laser treatment (p = 0.0004). Holmstrom et al. [2] also 
report an increased value for the incidence of myopia at 
laser treated patients, namely 40–50%, while Pozzi [20] 
reported 55.6%. As well, the association between myopia 
and laser treatment is sustained by the study of Hsieh et 
al. [21]. On the other side, Choi et al. assume that some 
structural changes rather than laser treatment are the main 
causes of myopia appearance [19].

Medium and high myopia (>3.00 D) was seen only at 
laser treated ROP group with a mean spherical equivalent 
refraction of –7.625 D at 6 months, and –8.00 D at 3 
years. In patients with regressed ROP, mean spherical 
equivalent was –1.00 D at 6 months, value observed at 3 
years as well. The correlation of refractive results in both 
groups of patients showed an increase in the amount of 
high degree myopia in laser treated eyes.

Hyperopia, astigmatism, anisometropia
The incidence of hyperopia in our study was 86.3% at 6 
months and 85% at 3 years. This increased incidence of 
hyperopia can be explained by the large number of eyes 
without ROP (192 of 240 eyes), which had a rate of 93.8% 
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hyperopia. Our result is similar to that found by Kamm et 
al. [22] (95%), but much higher than other studies, such 
as that of Darlow et al. [6], which show an incidence of 
only 18% of hyperopia. In our study, none of laser treated 
eyes have presented hiperopia, all of them were myopic. 
Instead, Pozzi et al. [20] found an incidence of hyperopia 
of 33.3% in laser treated group. There is a statistical sig-
nificant difference between the incidences of hyperopia in 
the group without ROP compared with the regressed ROP 
group (p <0.001), hence the occurrence of retinopathy 
predisposes to a less hyperopic eye. 

Overall incidence of astigmatism at the age of 3 years 
was 8.8%. These results are lower compared to other 
studies [2,6,12], which recorded astigmatism incidence 
between 11–42%. The presence of ROP and laser treat-
ment are significantly correlated with the appearance of 
astigmatism (p <0.001). This aspect can be explained by 
the changes in the axial eye which occur due to structural 
changes caused by laser scars. In a study from 2009, Davitt 
et al. [23] reported that the incidence of astigmatism has 
increased from 32% at 6 months to approximately 42% at 
3 years. Nearly 43% of eyes treated at high-risk prethresh-
old ROP developed astigmatism ≥1.00 D and nearly 20% 
had astigmatism ≥2.00 D.

Conclusions
There is an increased incidence of refractive errors and 
strabismus in premature infants at risk for retinopathy of 
prematurity.

A thorough follow-up of these children, especially in the 
first year of life and in early childhood is mandatory. 

The main purpose of screening and adequate therapy is 
that of obtaining a visual function closer to normality.
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