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SUMMARY – The aim of this retrospective study was to determine the strabismus angle vari-
ability and rationality of surgical treatment of strabismus in prematurely born children with neuro-
logical impairment during 12-year follow up. Eleven premature infants born in 2003 were included in 
the study and treated with equal conservative approach from 2005 until 2016. Initial esotropia was 
found in seven and exotropia in four of eleven children. Changes in the strabismus angle correlated 
significantly with aging of the children. In children with initial esotropia, the strabismus angle became 
less convergent (less positive), changed the orientation and became more divergent with aging. In 
those with initial exotropia, the angle became less divergent (more positive), changed the orientation 
and became more convergent. Moreover, a significant difference in the strabismus angle was found 
during the 12-year follow up. Based on our results, due to the variability in strabismus angle, we did 
not find enough evidence for optimal timing or rationality of strabismus surgery in neurologically 
impaired children born prematurely.
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Introduction

The eye and the developing visual system in pre-
term infants are especially vulnerable to damaging ef-
fects during pregnancy, especially those that affect the 
central nervous system1. Therefore, ophthalmologic 
problems are more often encountered in neurologi-
cally impaired preterm children, specifically those with 
eye motility disorders, strabismus in particular2,3. The 
prevalence of strabismus is considerably increased in 
premature infants with neurological impairment com-
pared to normal infants4,5. This increased prevalence 
requires special ophthalmologic attention to infants 
with neurological impairment. However, those infants 
often tend to be excluded from the studies of strabis-
mus treatment6-8. The exclusion most likely arises from 

the conviction that neurologically impaired infants 
have variable angles of strabismus and poorer surgical 
outcomes. This is possibly due to the underlying de-
fects in binocular function, decreased fusional capacity, 
and neurological problems, as well as possible abnor-
mal global muscle tone6,9-12. Moreover, there is no con-
sensus in the literature as to whether the guidelines for 
surgical treatment for strabismus are also applicable to 
children with neurodevelopmental delay. The latest 
recommendations published by the American Society 
of Ophthalmology, as part of the preferred practice 
pattern in children with strabismus, does not address 
premature infants with strabismus as a specific popula-
tion13. However, in a guideline published by the Royal 
College of Ophthalmologists it is stressed that there 
are potential gains and risks with the management of 
strabismus in younger children because of the more 
profound degradation of visual acuity and binocular 
vision14. Furthermore, in infantile esotropia, controver-
sies still exist regarding age and type of surgery, while 
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in infantile exotropia constant deviation predicts poor 
surgical outcome in long-term follow up14,15. If ocular 
alignment is changing substantially over time, there is 
a high likelihood of poor surgical outcome16. There-
fore, waiting for stability might be an option for surgi-
cal intervention16.

We investigated a case series of eleven premature 
neurologically impaired children with strabismus in 
order to assess long-term variability of ocular align-
ment and rationality of surgical interventions in these 
patients.

Subjects and Methods

Medical records of neurologically impaired prema-
ture children with strabismus born in 2003, presented 
to the Outpatient Orthopleoptic Clinic, Department 
of Ophthalmology, Split University Hospital Centre, 
were reviewed retrospectively. Patients were identified 
from a strabismus database, covering a 12-year period. 
Patient charts were examined for gestational age, neu-
rological impairment, strabismus angle, refractive 
anomaly and nystagmus. Data on the type and size of 
strabismic deviation were collected and statistically 
analyzed. The measurement of horizontal heteropho-
ria at near (with correction of refractive errors) was 
done in 2005 using Maddox wing and the prism cover 
test, whereas from 2006 until 2016 a synoptophore 
was used (Synoptophore, Synoptometer Oculus Op-
tikgerate GmbH, Wetzlar, Germany)17. Cycloplegic 
retinoscopy was performed at least annually to mea-
sure refractive errors17. Visual acuity was assessed with 
and without correction with optotypes (standard letter 
or symbol acuity test) from standard distance17,18. Only 
the conservative approach to strabismus treatment was 
applied, including occlusion therapy or eye patching, 
spectacles and eye exercises of the squint eye. No sur-
gical procedure was performed throughout the study 
period. Patients were also regularly examined by neu-
ropediatricians and physical rehabilitation was per-
formed.

The study was approved by the Thesis Committee 
of the School of Medicine, University of Split. Statisti-
cal analysis was performed by use of the SPSS 20.0 
program (IBM, Armonk, NY, USA). Descriptive sta-
tistics, Spearman correlation analysis and Friedman 
analysis of variance were used. Statistical significance 
was set at p<0.05.

Results

The study included eleven premature infants born 
in 2003, three females and eight males. Two subjects 
were born at 30, two at 31, four at 32, two at 33 and 
one at 34 weeks of pregnancy. In the present study, 
neurological impairment was defined as the presence 
of diagnosis including intraventricular hemorrhage 
(IVH) and/or periventricular leukomalacia (PVL) 
and/or obvious neurological sequels.

The first ophthalmologic measurements were done 
in 2005, at age two. Primary esotropia (ET) and hy-
permetropia were found in seven out of eleven (63.6%) 
children, whereas exotropia (XT) with concomitant 
myopia was present in the remaining four (36.4%) 
children. The size of the strabismus angle at the first 
measurement varied substantially with a median of 18 
degrees (range -30 to 30 degrees). Out of all study in-
fants, four (36.4%) had nystagmus, including three 
with esotropia and one with exotropia. Seven out of 
eleven children had unilateral amblyopia, whereas the 
remaining four had bilateral amblyopia. Changes in 
refraction errors and visual acuity were not analyzed in 
this study.

During the 12 study years, a statistically significant 
negative correlation was found between the measured 
angle of strabismus and patient age in esotropic chil-
dren (Table 1). In four out of seven esotropic children, 
the angle of deviation became less convergent (more 
negative) and changed to exotropia (becoming math-
ematically more negative but in fact the angle of stra-
bismus became less convergent and then more diver-
gent). The remaining three patients kept esotropic de-
viation, although a significant negative correlation was 
also found, meaning that the angle became less posi-
tive, less convergent (Fig. 1).

In exotropic children who presented with myopia 
at the beginning of the study, a significant and positive 
correlation of strabismus angle and patient age was 
found (Table 2). In fact, the angle of deviation became 
less divergent (more positive) and when the deviation 
changed direction it became ever more convergent 
(more positive) (Fig. 2).

In reality, during childhood, the angle of deviation 
decreased in both groups of strabismus patients (be-
coming less convergent or less divergent), the direction 
of deviation changed in the majority of them, and fi-
nally the angle of deviation started to increase over 
time.
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In esotropic children, changes in the medians of 
strabismus angles throughout the study period were 
significant (χ=68; p<0.001) (Table 3). The significance 
was mostly due to differences in the strabismus angles 
recorded at the age of two compared to those from the 
age of six to the age of thirteen, then at the age of three 
with those from the age of seven to the age of thirteen, 
and from the age of four with those from the age of 
eight to the age of thirteen. At the age of five and six, 
significant changes were only observed on comparing 
the values recorded from the age of ten to the age of 
thirteen. At the age of seven, significant changes were 

recorded on comparing the values observed from the 
age of eleven until the age of thirteen. Comparisons of 
the values between the age of two to the age of five and 
the age of eight to the age of thirteen did not yield 
significant changes in medians of the strabismus an-
gles. Almost the same results were observed in exo-
tropic children. Changes in medians of the strabismus 
angles during the 12-year period were significant 
(χ=38.6; p<0.001) and were mostly observed, as in eso-
tropic children, when comparisons were made at least 
with several years apart. Medians of the strabismus 
angles recorded from the age of two until the age of 

Table 1. Strabismus angle in esotropic children with absolute change in strabismus angle after 12-year follow up  
and Spearman correlation coefficient

Case No. Gender Birth at week Strabismus angle 
in 2005 (degrees)

Strabismus angle 
in 2016 (degrees)

Absolute change 
(degrees) Rho (p)

1 Male 32 30 -18 48 -0.99 (<0.001)
2 Male 34 14 -10 24 -0.86 (<0.001)
5 Male 32 21 -14 35 -0.99 (<0.001)
6 Male 31 28 -11 39 -0.99 (<0.001)
7 Female 32 18 15 3 -0.73 (0.007)
9 Male 31 26 12 14 -0.91 (<0.001)
10 Female 30 30 9 21 -0.99 (<0.001)

Fig. 1. Changes in strabismus angle during 12-year follow up (2005-2016; children’s chronological age 2-13)  
in children initially presented with esotropia and hypermetropia.
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five in exotropic children were statistically different 
from those recorded from the age of eleven until the 
age of thirteen. Those recorded at the age of six were 
significantly different from those observed only at the 
age of thirteen. As in esotropic children, no significant 
changes in medians were observed on comparisons 
from the age of two to five and from the age of seven 
to thirteen.

Changes in deviation directions, i.e. transition from 
esotropia to exotropia and vice versa, were mostly re-
corded after four or five years of follow up (at the age 
of six or seven), as shown in Table 4. No change in the 
deviation angle was seen in three out of seven esotro-
pic children, but a change in the strabismus angle to 
esotropic was recorded in all of the exotropic children.

Discussion

Strabismus is a common condition in childhood, 
affecting 2%-4% of the population younger than six 
years19-21, with an increased prevalence in premature 
infants and neurodevelopmental disorders2,22-24. Cor-
rection of strabismus and achievement of binocular vi-
sion have direct impact on the child’s motor, social and 
psychological development25. This achievement, how-
ever, could be hindered by neurological impairment. 
The main aims of ophthalmologic management are to 
further diagnose and classify strabismus, monitor vi-
sual development and refractive errors, treat amblyopia 
and manage strabismus to obtain, maintain or restore 
binocular single vision where such a potential is pres-

Table 2. Strabismus angle in exotropic children with absolute change in strabismus angle after 12-year follow up  
and Spearman correlation coefficient

Case No. Gender Birth at week Strabismus angle 
in 2005 (degrees)

Strabismus angle 
in 2016 (degrees)

Absolute change 
(degrees) Rho (p)

3 Male 33 -7 10 17 0.82 (0.001)
4 Female 33 -20 15 35 0.98 (<0.001)
8 Male 32 -20 16 36 0.79 (0.002)
11 Male 30 -30 14 44 0.98 (<0.001)

Fig. 2. Changes in strabismus angle during 12-year follow up (2005-2016; children’s chronological age 2-13)  
in children initially presented with exotropia and myopia.
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ent14. Strabismus in childhood could be treated con-
servatively or surgically. Optimal timing for surgical 
correction in those children is not clear. It seems that 
in subjects with unstable ocular alignment, waiting for 
stability might result in better motor alignment after 
surgery and better long-term sensory outcomes16,26,27. 
Therefore, the aim of this study was to assess if chil-
dren born prematurely with neurologic impairment 
could achieve stability in strabismus angle during 
childhood and the rationality of surgical approach in 
those children if stability was not achieved.

Eleven premature neurologically impaired children 
born in 2003 at gestational age 30-34 weeks were 

studied until 2016, i.e. until chronological age of 13 
years. Seven out of eleven children presented initially 
with esotropia, which is reported as more frequent 
than exotropia in children with neurological disor-
ders28-31. In all patients, a statistically significant cor-
relation (with Spearman correlation coefficient higher 
than 0.7) was found between the measured angle of 
deviation and the year of follow up, i.e. the age of chil-
dren. This correlation was statistically negative in chil-
dren with esotropia, and statistically positive in those 
with exotropia. However, in both groups of patients, 
the angle of strabismus decreased up to the age of six 
or seven; after that, in the majority of patients, the eye 
deviation changed direction, and then the angle of 
strabismus gradually increased up to the age of twelve. 
In eight out of eleven children, the deviation changed 
direction, i.e. in four out of seven from esotropia to 
exotropia, and vice versa in all exotropic children. These 
changes are frequently seen, especially in neurologi-
cally impaired children regardless of the treatment ap-
proach and are often the reason for repeated surgical 
corrections32,33. In neurologically impaired children 
treated conservatively, Sekeroglu et al. found a change 
in strabismus after only three years of follow up. In 
that study, five out of thirteen children with initial eso-
tropia changed to exotropia28. Erkillä et al. followed up 
children with cerebral palsy and in approximately one-
third of them, strabismus changed from esotropia to 
exotropia34. Habot-Wilner et al. conducted five-year 
follow up in 24 children with strabismus and neurode-

Table 4. Children’s age when smallest strabismus angle 
was recorded and direction of deviation changed

Case No. Initial 
strabismus

Child’s age in 
years (smallest 
angle in degrees, 
strabismus type)

Direction 
change 
(child’s age 
in years)

1 Esotropia 7 (-3, exotropia) 7
2 Esotropia 7 (-3, exotropia) 7
5 Esotropia 7 (5, esotropia) 8
6 Esotropia 9 (6, esotropia) 10
3 Exotropia 6 (3, esotropia) 6
4 Exotropia 7 (5, esotropia) 7
8 Exotropia 6 (10, esotropia) 6
11 Exotropia 10 (10, esotropia) 10

Table 3. Changes in medians of strabismus angle (with minimal and maximal values) during 12-year follow up

Children’s age 
(years)

Esotropic children: median (min, max) 
of strabismus angle (degrees) p* Exotropic children: median (min, max) 

of strabismus angle (degrees) p*

2 26 (14, 30) <0.001 -20 (-30, -7) <0.001
3 20 (10, 28) -22 (-26, -7)
4 20 (6, 28) -18 (-26, -6)
5 16 (8, 22) -17 (-20, -8)
6 14 (5, 20) -3 (-18, 10)
7 10 (-3, 19) 0 (-16, 10)
8 9 (-10, 16) 10 (-13, 16)
9 6 (-10, 19) 13.5 (-13, 19)
10 -7 (-12, 15) 13.5 (10, 19)
11 -7 (-14, 14) 14 (11, 19)
12 -8 (-15, 13) 12.5 (10, 15)
13 -10 (-18, 15) 14.5 (10, 16)

*Friedman analysis of variance
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velopmental disorders, age range from 10 months to 
10 years. All of them were treated surgically but unsat-
isfactory results were found in the majority of them 
(15 out of 24), with only 38% success rate, whereas 
reoperation was required in eight children35. In an ear-
lier report by the same authors, the success of surgical 
correction was 56%, but the children were followed up 
for only 17 months32. In our study, a significant differ-
ence between medians of the strabismus angle was 
only found when comparisons were made after at least 
a four-year period. In other words, if the recorded an-
gles were compared within a shorter time frame, no 
significant changes would be observed.

This instability in strabismus could be a direct con-
sequence of morphological changes during develop-
ment of binocular vision, such as the growth of the eye, 
retinal growth, development and organization of the 
myriad of paths between the eye and the cortex, to-
gether with functional changes in cortical neurons, in-
cluding those in the optical cortex37. All these events 
take place during the critical period lasting until the 
age of six or seven, and then slightly decreasing until 
the age of ten37.

It is very difficult to predict if the described changes 
would have happened even after surgical correction, but 
with the presumption that changes in maturation at any 
sensomotor level of visual perception are present in 
those children, the same instability is to be expected38.

It should be stressed that the number of children 
studied was too small to extrapolate our findings to the 
population of children born prematurely with strabis-
mus and neurological impairment but literature data 
on these children are too scarce and almost without 
exception presented only with short-term follow up 
results.

Conclusion

In neurologically impaired children with strabis-
mus, a statistically significant variability in strabismus 
angle was found during the 12-year follow up. Because 
of this variability in the strabismus angle, optimal tim-
ing or rationality for strabismus surgery could not be 
determined. We concluded that in children born pre-
maturely with strabismus and neurological impair-
ment, only long-term follow up provided an insight 
into changes in eye alignment during childhood. Since 
monitoring and assessment of visual acuity, refractive 

errors and amblyopia significantly influence the choice 
of therapy and monitoring success of treatment of 
strabismus, these parameters should be taken into con-
sideration in future studies. Further, long-term studies 
with a larger and more homogeneous population sam-
ple of children born prematurely with strabismus and 
neurological disorders could better clarify the problem 
of strabismus treatment in this group of children.
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Sažetak

PROMJENJIVOST KUTA ŠKILJENJA U PRIJEVREMENO ROĐENE DJECE  
S NEUROLOŠKIM OŠTEĆENJEM I STRABIZMOM: DVANAESTOGODIŠNJE PRAĆENJE

E. Sardelić i D. Karlica Utrobičić

Cilj ovoga retrospektivnog istraživanja bio je odrediti promjenjivost kuta škiljenja i opravdanost kirurškog zahvata u 
prijevremeno rođene djece s neurološkim oštećenjem i strabizmom tijekom dvanaestogodišnjeg razdoblja praćenja. Istraživa-
njem je obuhvaćena skupina od jedanaestoro prematurusa rođenih 2003. godine koji su praćeni od 2005. do 2016. godine i 
liječeni isključivo konzervativno. U sedmero djece je pri prvom mjerenju nađen konvergentni strabizam, dok je četvero pre-
ostale djece imalo divergentni strabizam. Kod sve praćene djece zabilježena je značajna korelacija izmjerenog kuta škiljenja s 
vremenom praćenja, pričem je u djece s početnim konvergentnim strabizmom kut škiljenja postajao manje konvergentan 
(manje pozitivan) s rastućom dobi djeteta, mijenjao smjer i postajao sve više divergentan (više negativan). U djece s početnim 
divergentnim strabizmom kut škiljenja bio je sve manje divergentan (manje negativan) u odnosu na rastuću dob djeteta, 
mijenjao smjer i postajao sve više konvergentan (više pozitivan). Tijekom dvanaest godina praćenja utvrđena je značajna raz-
lika u medijanima kuta škiljenja. Zbog promjenjivosti kuta škiljenja nije se moglo utvrditi optimalno vrijeme ni opravdanost 
operacijskog zahvata u korekciji strabizma prijevremeno rođene, neurološki oštećene djece.

Ključne riječi: Strabizam; Nedonošče; Razvojni poremećaji


