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ABSTRACT

Article type
Systematic review article

Introduction: This article aimed to review the literatures on visual impairments and
ocular changes in premature infants with low birth weight and gestational age.
Methods: Five electronic databases including: PubMed, Web of Science, Science direct,
Ovid, and Scopus were searched. Original articles published until 2015 describing
preterm infants were reviewed. Repetitive and derivative articles were excluded.
Results: Out of 100 unique, potentially relevant articles, 42 studies that addressed
and met the inclusion criteria were evaluated.

Conclusion: Prematurity affects ocular structures (from anterior to posterior segment)
and functions. Premature infants are at risk of myopization. Concerning the changes in
premature infants, a significant increase is found in axial length, intraocular pressure,
and central corneal thickness; moreover, high incidence of retinal changes is reported
as a result of prematurity. On the other hand, visual acuity, tear, electroretinogram,
and visual evoked potential responses decrease with prematurity. The most common
ophthalmic disorders in preterm infants are myopia and retinopathy of prematurity,
which could affect life quality due to reduced visual acuity.
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Introduction

Preterm birth is the birth of an infant atless than
37 weeks of gestation (1). Preterm birth is the
most common cause of mortality among infants
worldwide (2). The reported prevalence of pre-
maturity among infants with less than 28 weeks
gestational age (GA) is 33% (3). According to
the results of a study, retinopathy of prematurity
(ROP) was reported in 26.2% of premature infants
(4). Premature infants are at risk for cerebral pal-
sy, developmental delays, and vision and hearing
problems (5). Preterm infants are more likely to
sustain abnormalities of visual system, which lead
to reduced vision (6). Ophthalmic complications of
prematurity include refractive error, strabismus,

abnormal retinal vessels or ROP, visual loss due to
reduced development of visual cortex, cortical vi-
sual impairments, and some rare, late-onset prob-
lems such as glaucoma, retinal detachment, and
phthisis (6). In the late 1940s, ROP was initially
reported to be the most common ocular abnormal-
ity in preterm infants (2,7). The existing evidence
presented that >50% of neonates with <1000 g
birth weight (BW) show some degree of ROP (8).
Possible risk factors for ROP are as follows: low
oxygen level, low GA and BW, hyperglycemia, low
insulin-like growth factor, loss of nutrients, neona-
tal infections (particularly fungal), genetic factors,
low blood levels of vitamin E, and light exposure
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(9,10); however, low BW (LBW) and GA are the
main risk factors for ROP. With respect to genet-
ics as a predisposing factor, ROP occurs more often
in white infants, as compared to black ones and in
males rather than females (2). Since premature
infants have lower serum levels of vitamin E, the
role of vitamin E in ROP was also considered (7).
Development of cryotherapy and laser photocoag-
ulation in the 1980s and 1990s were considered
effective modalities in preventing blindness. It
has been suggested that intravitreal bevacizumab
could be helpful in ROP therapy and could reduce
both the myopia and astigmatism in premature in-
fants. Blindness was significantly more common in
preterm male infants (11), which may be second-
ary to cicatricial ROP or intracerebral hemorrhag-
es (12). The first phase of ROP is initiated during
the first 30-32 weeks, and the second phase,
which is characterized by retinal neovasculariza-
tion, begins approximately within the first 32-34
weeks of postmenstrual age (7). Ocular changes
in premature infants lead to various eye size prob-
lems and cause refractive errors in preterm infants
(13). Since most of the previous studies discussed
changes in the retina and the refractive state of the
eye, this study aimed to provide an accurate and
comprehensive summary of the ocular changes in
preterm infants.

Methods
Data sources and searches

The data were retrieved from the electronic da-
tabases including PubMed, Web of Science, Science
direct, Ovid, and Scopus. In addition, we hand-
searched the reference lists of review and original
articles. The following keywords were used for our
search: ‘prematurity’, ‘ocular’, ‘eye’, ‘premature in-
fants’ and ‘preterm infants’ Using the same search
parameters, all the identified journals, which were
published from 1960 up to 2015, were manually
searched.

Study selection

The study selection process is illustrated in Fig-
ure 1. Eligibility assessment was performed by one
of the authors through reviewing the titles and ab-
stracts. Thereafter, the full-text versions of 42 arti-
cles were reviewed independently by two authors.
The inclusion criteria included studies discussing
ocular changes in prematurity, all the relevant
studies except for case reports, cohort studies in
which follow-up was completed, studies in which
participants did not have any comorbidities, and
all the studies published up to 2015.

Data extraction and quality assessment
Two researchers extracted the data from the incl

ded articles. Study design and outcomes concern-
ing refraction error, strabismus, visual acuity (VA),
intraocular pressure, axial length (AXL), cornea,
tear, pupil, retinae, visual evoked potential (VEP),
electroretinography, and cortical visual impair-
ments were extracted from all the included articles.
Studies were evaluated for the inclusion criteria,
accurate recruitment of participants, accurate mea-
surement to minimize exposure to bias, precise
evaluation of outcomes to minimize bias, and iden-
tification of confounding factors and bias (Table 1).

Records identified through| | Additional records identi-
database searching fied through other sources
(n=125) (n=15)

Records after duplicates
removed
(n=100)

Records screened Records excluded due
(n=100) to relevancy
(n=53)

Full text excluded with
reasons (n=5)
Case report:1

Additional disease:2

Missed the follow-up:2

Full text assessed
for eligibility
(n=47)

Total included in
qualitative synthesis
(n=42)

Figure 1. study selection process.

Results

Most studies reported that ROP could have di-
verse effects on ocular structure and function
through refractive error, AXL, retinae, strabismus,
intraocular pressure, cornea, and vision. Findings
of the relevant studies are discussed in discussion
section and also were summarized in Table 2.

Discussion
Refractive error

Preterm birth affects the process of
emmetropization through arrested development
of the anterior segment (14,15), or mechanical
restriction as aresult of biological stress secondary
to retinopathy (15). Mohammadzadeh et al. stated
thatrefractiveerroristhemostcommonophthalmic
disease in low birth weight children, and myopia is
the most refractive error (16). High incidence of
myopia in premature infants could be related to
preterm birth, ROP, or disease treatment (13).In a
cohort study performed on LBW infants, the mean
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Acar D Yes Yes Yes Yes Yes
(2015)

Laws D Yes Yes Yes Yes No
(1994)

Remon L Yes No Yes Yes No
(1992)

Autzen T Yes Yes Yes Yes Yes
(1989)

Norcia A No Yes Yes Yes No
(1985)

Cohort study Accurate recruitment Accurate measurement Accurate measure- Identification of con- Complet-
of study participants of exposure to minimum ment of outcome to founding factors ed follow
bias minimum bias up

Hsieh C]
(2012)

NgP Yes Yes Yes No Yes
(2008)

O Connor A Yes Yes Yes No Yes
(2006)

Cook A
(2003)

Schalij-Delfos Yes Yes Yes No Yes
(2000)

Friedman C
(2000)

Holmstrom G Yes Yes Yes Yes Yes
(1998)

Theo SL Yes Yes Yes No Yes
(1995)

Pike M Yes Yes Yes Yes No
(1994)
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Bich D Yes Yes Yes Yes No
(1992)

Autzen T Yes Yes Yes No Yes
(1991)

Nissenkorn Yes Yes Yes No Yes
(1983)

Uva M Yes Yes Yes Yes Yes
(2011)

Larsson E Yes Yes Yes Yes No
(2003)

Gallo] Yes Yes Yes Yes No
(1993)

Fledelius H Yes Yes Yes Yes No
(1982)

Table 2. Findings of included articles.

Acar D Cross sectional Turkey 470 35.94+4.00 W Both IOP and CCT values were found to be significantly
(2015) higher in premature infants.

Hsieh C] Cohort Taiwan 109 30.40+2.04 W The incidence and magnitude of significant refractive
(2012) errors increased with severe ROP and with age.

Case Control Italy 31+3.00 W IOP measurements were slightly greater than in full-
(2011) term newborns because of an increased CCT.

e was significantly and negatively associate
NgP The IOP ignificantly and negatively iated
(2008) with postconceptional age.

O'Connor A United King- Unavail-  Unavailable Premature infants, who are not routinely followed up,
(2006) dom able have a high risk of developing treatable refractive errors
and strabismus.

United King- 68 29.4+1.87W Premature were myopes and became hyperopes to-
(2003) dom wards the age. Premature infants has shorter AXLs,
shallower anterior chambers, and more highly curved
corneas.
90 Rev Clin Med 2017; Vol 4 (No 3)
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Rudanko S Cross Sectional Finland 125 23-36 W Retinopathy of prematurity, optic atrophy, and cerebral
(2003) amblyopia were the main diagnoses associated with vi-
sual impairment.

Saunders K Myopia and anisometropia were associated with prema-
(2002) turity. The early emmetropization process differed from
that of the full term group.

Theng ] Singapore Premature babies with ROP had higher rates of myopia
(2000) and strabismus than those without ROP.

Holmstrom G Cohort The overall incidence of subnormal vision and strabismus
(1999) in children born prematurely was higher than in a full
term population of the same age.

Isenberg S Case Control United state 36 30-37W Reflex and basal tear secretion reduce in premature in-
(1998) fants.

Theo SL Cohort Malaysia 113 32.1+25 Duration of oxygen therapy is significantly associated
(1995) with development of ROP.

United state Lessthan30 W Most of the premature infants with ROP have myopia and
(1994) visual acuity is significantly poor in these patients.

Unavailable Preterm cerebral insults may produce a variety of visual
(1994) difficulties.

Tucker SM Corneal diameter and total axial length showed parallel
(1992) linear increases although no significant correlation were
found between intra ocular pressure and gestational age.

United state 30.4+1.5W Retinal function varies with dietary supply of omega 3 fat-
(1992) ty acid in very low birth weight infants.

Autzen T Cohort Denmark 13 Lessthan33 W  There was no correlation between gestational age, birth
(1991) length and weight and central corneal thickness.

Heravian | Cross Sectional Unavailable VEP as an objective method can predict VA.
(1990)
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Study Study design Region Sample Age Findings

Talylor M Cross Sectional Canada 75 22-42W The 22-23 week GA neonates had no identifiable waves. In

(1987) all infants > 24 weeks a large negative wave is seen with a
latency around 300 msec (N300). After 27 weeks GA a late
positive wave was present (P400), but with more variable
latency and morphology. Between 30 and 35 weeks GA a
small positive wave (P200) was seen in over one-third of
the neonates; this component was present in all infants >
36 weeks GA.

Brown A Case Control United state Unavail-  Unavailable Visual acuity of infants at 39 to 40 weeks of gestational

(1986) able age was about 0.023 stripes per minute of arc, or 0.69
cycles per degree (20/866). Between 34 and 44 weeks of
gestational age, visual acuity improved at the rate of 0.46
octaves per month.

Norcia A Cross sectional United state 197 1-53 W This visual acuity estimate change from a mean of 4.5

(1985) c/deg during the first month to about 20 c/deg at 8- 13
months of age.

Nissenkorn Cohort Israel fii55 Unavailable Myopia were found in 50% of the premature infants with

(1983) ROP, while only 16% myopic premature infants were
found among those who did not have ROP.

Fledelius H Case control Denmark 70 Unavailable Premature infants represent significantly lower value of

(1982) corneal curvature radius.

Fledelius H Case control Denmark 137 Unavailable As compared with low-birth-weight, full-terms show a sig-

(1981) nificantly higher cumulated visual acuity score.

Hittner H Cross sectional United state 36 Unavailable Keratometry demonstrated steeper corneal curvature in

(1979) LBW populations, as compared to term newborns.

sphere equivalent was +0.67D+1.62 with 19%
being myopic and 6.6% with high hypermetropia
(13). On average, there was one diopter sphere
shift in the mean sphere equivalent towards
myopia (13). The mean JO and J45 (power vector)
was -0.04 and -0.03, respectively, and the cylinder
power and its axis showed a little change (13). ROP
increases the risk of anisometropia; although, ROP
did not have an effect on presence of refractive
errors in this cohort study (13). Prematurity and
ROP can imperil emmetropization in infants (8).
Steeper corneas and thicker lenses promote the
focusing power of the eye leading to myopia. This
myopia, which is not due to ROP, is of low degree
and is referred to as ‘myopia of prematurity’
(17). Studies have shown that premature infants
are more susceptible to all refractive errors
including astigmatism, hypermetropia, and
anisometropia than their term counterparts (17).
Myopia associated with severe ROP progresses
during the first 6 to 9 months of life and to a lesser
extent thereafter, becoming relatively stable by
around three years of age. However, mild myopia
associated with prematurity has a later onset
and progresses in severity until the teen age (8).
At the age of five years, children with ROP were
found to be bespectacled and have amblyopia and
myopia more than non-ROP ones (18). Duration
of oxygen supplementation and hospital stay
were considered as important predictive factors
for the development of amblyopia and refractive
errors (18). Holstrom et al. (19,20) followed 248
infants for three and half years, and observed

92

increased incidence of myopia, astigmatism, and
anisometropia in premature infants. Different
studies showed that the incidence of myopia was
inversely associated with BW and GA, but positively
with increased severity of ROP (5,13,21,22).
Nearly all the premature infants with ROP of stage
three or above were myopic; on the other hand,
children with no ROP or stage one ROP showed
similar prevalence of myopia, emmetropia, and
hyperopia (5). Chen et al. reported that almost
70% of children had with-the-rule astigmatism,
whereas oblique astigmatism was found in 25%
of children, and less than 5% of children showed
the against-the-rule astigmatism (5). Myopia
group demonstrated the highest amount of
astigmatism (-1.56 D), and emmetropia group
showed the lowest amount of astigmatism (-0.80
D) (5). The probability of developing myopia or
hypermetropia in preterm infants is higher than
in term ones (23). Nissenkorn et al. indicated that
premature infants are generally hyperopic, and
subsequently become myopic (24). The incidence
of myopia is significantly higher in infants with
ROP, as compared to the ones without ROP (25).
According to Fielder and Quinn study, myopia in
premature infants is divided into three groups: 1)
physiologic myopia; 2) myopia with preterm birth;
and 3) ROP related myopia. (26). The prevalence of
myopia differs and depends on following factors:
preterm birth, low BW and GA, the severity of ROP,
and emmetropization in early infancy (26). ROP
was the main predictive factor for both astigmatism
and anisometropia (27). O’Connor et al. proposed
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two kinds of emmetropization in premature
infants: 1) a gradual increase in refractive errors
in those children with ROP treated in early
childhood; and 2) the permanent refractive status
in those with regressed ROP or without ROP (13).
It was stated that myopia of prematurity tends to
regress during the first year of life, resulting in
emmetropic or hyperopic status; however, this
shift does not occur with severe ROP. Arrested
development of the anterior segment is the main
cause of occurrence of myopia of prematurity. Low
AXL to power ratio, shallow anterior chamber,
and thick lenses are three basic characteristics
of myopia of prematurity (28). Most premature
infants become myopic as they grow, and ROP is
the main cause of anisometropia. Amblyopia and
with-the-rule astigmatism are more prevalent in
premature infants, as compared to full term ones.

AXL

Although short AXL was reported by some
studies, but AXL is expected to be larger in
premature infants than term ones. The results of O’
Conner study showed that there was no statistically
significant relationship between ROP and AXL.
Nonetheless, those with severe ROP had the largest
eyes. Axial lengths were as follows: in preterm
infant without ROP=22.51 mm, stage 1=22.41
mm, stage 2=22.39 mm, and stage 3/4=22.63 mm.
In addition, there was no significant association
between BW and AXL (13). Laws et al. (29) stated
that severe ROP is associated with shorter AXL.
AXL increase in a linear model at a rate of 0.16 mm
per week, accordingly in four weeks, an infant’s
eyes grew by 0.64 mm (15).

Retina

Studies of retina in premature infants showed
that topography of photoreceptors is affected
by ROP, which consequently affects VA. Optic
disc also gets involved in premature infants, and
ROP is the main change in the retina. Law et al.
(29) proposed two postulations: the retina in
ROP (in premature infants) has dysfunctional
abnormalities and affects eye growth; in addition,
ROP can cease or delay the normal migration of
the photoreceptors from the fovea, which causes
a change in the microscopic topography of the
central retina and consequently affect VA. This
could change emmetropization mechanism.
Macula is pigmented but undistinguishable on
ophthalmoscopy up to 34 weeks postconceptional
age (PCA). Macular annular reflex is differentiable
by 36 weeks PCA, although the foveal light reflex
is not clinically clear until 42 weeks PCA. The
incidence of ROP is mostly observed in infants
with lower GA and BW (25). Evidence showed

that the highest incidence of ROP occurs at the 24
weeks of gestation, and the lowest ROP is found in
the >32 weeks of gestation (30). Retinopathy of
prematurity was significantly more common when
mechanical ventilation continued for more than
two weeks (11). Friedman et al. (31) in the United
States have reported that oxygen therapy for more
than 30 days was associated with ROP. Teoh et
al. (32) in Malaysia demonstrated that infants
receiving oxygen every day were at risk of ROP
1.156 times more than other neonates, and that
oxygen therapy for more than 30 days resulted in
a more than 90% chance of ROP. Sabzehi et al. also
stated that oxygen therapy for more than five days
is a risk factor in progress of the ROP (33).

Strabismus

Studies regarding strabismus indicate that
ROP is the principal cause for high incidence of
ocular misalignment; and, esotropia and pseudo-
strabismus are more common among other ocular
misalignments. ROP has widespread effects on
ocular structure and function, including refractive
errors, and also increase the risk of abnormalities
of ocular alignment (strabismus) (8). At the age
of five years, infants with ROP were found to have
strabismus more than infants without ROP (18).
Holstrom et al. followed 248 infants for three
and half years and found increased incidence of
strabismus in premature neonates, as compared to
full-term ones (19,20). Bin-khaltan et al. diagnosed
squint in 36 infants with a cumulative incidence of
14% and mean GA of 27 weeks (GA range: 23-34
weeks). Esotropia was diagnosed in 20% ofthe ROP
group and 5.5% of the non-ROP group. Exotropia
diagnosis was made in 4% of infants with an
incidence of 11% and 2% in the ROP and non-ROP
groups, respectively (30). Ocular misalignment is
more prevalent in premature infants (BW< 1500
g or GA<34 weeks) compared with normal infants.
The prevalence of strabismus was 25% and 9.8%
in the ROP and non-ROP groups, respectively in
three years of follow-up (25).

Intraocular pressure

Several studies have demonstrated higher
intraocular pressure values in premature infants
(34,35); however, lower intraocular pressure
measures have also been reported (36). On the
other hand, some studies reported that intraocular
pressure appears to be normal in premature
infants (37).

Cornea

Majority of studies found higher central corneal
thickness (CCT) values in premature infants
(34,35). Uva et al. observed a strong negative
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correlation between PCA and CCT (35).

Researchers determined that the corneal
thickness of premature newborns at three months
of age decreased significantly (to the same level as
full-term newborns) (38,39). A significant decrease
in CCT has been found up to 40th weeks, with no
significant decline in CCT after that point. Corneal
hydration, corneal evaporation, and corneal
remodeling were considered as possible factors
responsible for decrease in CCT during the first
week of life (35,39-41). Keratometry demonstrated
steeper corneal curvature in LBW populations, as
compared to term newborns (42-44).

Visual acuity (VA)

It has been stated that both VA and contrast
sensitivity are reduced in premature infants
due to ROP, retinal changes, and neurological
factors. A correlation between reduced VA and
low GA was also found. There was a significant
difference between the mean VA of eyes with
ROP and the eyes without ROP. Poor vision (<0.5
logMAR) was common in eyes with severe ROP,
while good vision (>0.2 logMAR) was mostly
observed in eyes without ROP. Effective factors
for reduced VA include GA, BW, intraventricular
hemorrhage, degree of ROP, cryotherapy, and
spherical equivalent. Intraventricular hemorrhage,
obvious neurological sequelae, and degree of
ROP, particularly cryotreated ROP, were proved
to be important factors affecting VA of the eyes.
ROP may not be the only cause of impaired VA
in prematurely born children, but neurological
complications may have a considerable effect
on this problem (20). The very low BW children
had significantly poorer contrast sensitivity than
normal BW ones. Measured preferential looking
(PL) acuity as early as 32 weeks PCA was about
20/2000, which improved to about 20/400 at 42
weeks PCA, 20/150 at 57 weeks PCA, and 20/60 by
92 weeks PCA. Mature acuity (20/20) is achieved
after three years of age (45).

Tear

Prematureinfants showedreduced tearsecretion
in both basal and reflex tears in comparison with
full-term infants (46).

Pupil

Pupils of preterm infants (less than 31 weeks
PCA) are only about 4 mm in diameter, and do not
respond to light (47).

Electroretinography

Heravian et al. reported that retinal
neurotransmitters have a major role in generating
retinal responses. They also demonstrated that

electroretinography (ERG) can be applied to
detect retinal anomaly and any other disturbances
in photoreceptors (48). The result of ERG shows
significant immaturity in amplitude and implicit
time at 36 weeks PCA. The response develops
fast in healthy preterm infants, as by 57 weeks
PCA, the amplitude and implicit time reach the
adult values. Cone responses improved in the
perinatal period. Cone response and 30 Hz flicker
cone response approach the adult responses at
57 weeks PCA; however, rod responses mature at
a slower rate. Rod response shows a reduction in
amplitude at 34-36 weeks PCA. Even at 57 weeks
PCA, substantial immaturity of the rod response is
also present (49).

VEP

Studies showed that latency and VEP acuity
decrease in premature infants. Flash VEPs have
been incorporated from premature infants at 24
weeks PCA and only a long latency negative peak
is declared (50). The latency of the positive peak
reduces from about 220 msec at 34 weeks PCA to
190 msec at 40 weeks PCA, and to 120 msec by
52 weeks PCA. Transient pattern reversal VEPs
have been recorded from premature infants at 30
weeks PCA and the results showed that the pattern
reversal response comprises a single positive peak
with a latency of about 330 msec. Latency declines
to 240 msec by 40 weeks PCA and 125 msec by 53
weeks PCA. VEP as an objective method could be
useful in prediction of VA (51). The earliest VEP
acuity reports were from infants at 36 weeks PCA;
at this age, VEP acuity is about 20/200. VEP acuity
matures rapidly to about 20/60 at 57 weeks PCA
and to 20/30 by 66 weeks PCA (52).

Cortical visual impairment

Cortical visual impairment is more prevalent
among preterm infants, which might be associated
with congenital infections or malformations and
neurological disorders. Severe intraventricular
hemorrhage is strongly associated with poor
acuity. In cases with normal acuity outcomes, other
visual problems such as strabismus or nystagmus
may be present. Premature infants with cortical
visual impairment have abnormal flash VEPs,
pattern VEPs, or both (53).

Conclusion

In conclusion, the prevalence of visual
impairment is more in preterm infants because
of ROP and perinatal brain lesions. Myopia is a
prevalent refractive error in premature infants
due to large AXL. VA, VEP acuity, and contrast
sensitivity decrease due to ROP. Esotropia is the
most common form of strabismus in premature
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infants. Corneal assessment illustrated that
corneal curvature is steeper, and CCT is lower in
premature infants, as compared to term infants.
There was no statistically significant difference
between male and female infants in any of the
measured variables at any point of time. Careful
evaluation of infants with GA of 32 weeks or less
for any prematurity-induced ocular changes is
recommended.

Conflict of Interest
The authors declare no conflict of interest.

References

1. Spong CY. Defining “term” pregnancy: recommendations
from the Defining “Term” Pregnancy Workgroup. JAMA.
2013;309:2445-2446.

2. Hellstrom A, Smith LE, Dammann O. Retinopathy of prema-
turity. Lancet. 2013;382:1445-1457.

3. Markestad T, Kaaresen PI, Rgnnestad A, et al. Early death,
morbidity, and need of treatment among extremely prema-
ture infants. Pediatrics. 2005;115:1289-1298.

4,  Abrishami M, Maemori GA, Boskabadi H, et al. Incidence
and risk factors of retinopathy of prematurity in mashhad,
northeast iran. Iran Red Crescent Med J. 2013;15:229-233.

5. Chen TC, Tsai TH, Shih YF, et al. Long-term evaluation of re-
fractive status and optical components in eyes of children
born prematurely. Invest Ophthalmol Vis Sci. 2010;51:6140-
6148.

6.  Repka MX. Ophthalmological problems of the premature
infant. Ment Retard Dev Disabil Res Rev. 2002;8:249-257.

7. Chen], Smith LE. Retinopathy of prematurity. Angiogenesis.
2007;10:133-140.

8.  Fielder A, Blencowe H, O’Connor A, et al. Impact of retinopa-
thy of prematurity on ocular structures and visual functions.
Arch Dis Child Fetal Neonatal Ed. 2015;100:F179-184.

9.  Wesolowski E, Smith LE. Effect of light on oxygen-induced
retinopathy in the mouse. Invest Ophthalmol Vis Sci.
1994;35:112-119.

10. Reynolds ]D, Hardy R], Kennedy KA, et al. Lack of efficacy
of light reduction in preventing retinopathy of prematurity.
Light Reduction in Retinopathy of Prematurity (LIGHT-ROP)
Cooperative Group. N Engl ] Med. 1998;338:1572-1576.

11. Rudanko SL, Fellman V, Laatikainen L. Visual impairment in
children born prematurely from 1972 through 1989. Oph-
thalmology. 2003;110:1639-1645.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Holmstrom M, el Azazi M, Kugelberg U. Ophthalmological
long-term follow up of preterm infants: a population based,
prospective study of the refraction and its development. Br ]
Ophthalmol. 1998;82:1265-1271.

Holmstrém G, el Azazi M, Kugelberg U. Ophthalmological
follow up of preterm infants: a population based, prospec-
tive study of visual acuity and strabismus. Br ] Ophthalmol.
1999;83:143-150.

Gallo JE, Holmstrom G, Kugelberg U, et al. Regressed ret-
inopathy of prematurity and its sequelae in children aged
5-10 years. Br ] Ophthalmol. 1991;75:527-531.
Saunders K], McCulloch DL, Shepherd A], et al. Em-
metropisation following preterm birth. Br ] Ophthalmol.
2002;86:1035-1040.

O’Connor AR, Stewart CE, Singh J, et al. Do infants of birth
weight less than 1500 g require additional long term oph-
thalmic follow up?Br ] Ophthalmol. 2006;90:451-455.
Nissenkorn, Yassur Y, Mashkowski D. Myopia in premature
babies with and without retinopathy of prematurity. Br |
Ophthalmol. 1983;67:170-173.

Theng JT, Wong TY, Ling Y. Refractive errors and strabismus
in premature Asian infants with and without retinopathy of
prematurity. Singapore Med J. 2000;41:393-397.

Fielder AR, Quinn GE. Myopia of prematurity: nature, nur-
ture, or disease? Br ] Ophthalmol. 1997;81:2-3.

Hsieh CJ, Liu JW, Huang JS, et al. Refractive outcome of pre-
mature infants with or without retinopathy of prematuri-
ty at 2 years of age: a prospective controlled cohort study.
Kaohsiung ] Med Sci. 2012;28:204-211.

Fledelius HC. Ophthalmic changes from age of 10 to 18
years. A longitudinal study of sequels to low birth weight.
I1. Visual acuity. Acta Ophthalmol (Copenh). 1981;59:64-70.
Laws DE, Haslett R, Ashby D, et al. Axial length biometry
in infants with retinopathy of prematurity. Eye (Lond).
1994;8:427-430.

Bin-Khathlan AA, Al-Ballaa FN, AlYahya AK. Ophthalmic
short- and long-term outcomes for premature infants: Re-
sults of an extended follow-up program in Saudi Arabia.
Saudi ] Ophthalmol. 2014;28:268-273.

Friedman CA, McVey ], Borne MJ, et al. Relationship between
serum Inositol concentration and development of retinopa-
thy of prematurity: a prospective study. ] Pediatr Ophthal-
mol Strabismus. 2000;37:79-86.

Teoh SL, Boo NY, Ong LC, et al. Duration of oxygen therapy
and exchange transfusion as risk factors associated with ret-
inopathy of prematurity in very low birthweight infants. Eye
(Lond). 1995;9:733-737.

Sabzehei MK, Afjeh SA, Dastjani Farahani A, et al. Retinop-
athy of prematurity: incidence, risk factors, and outcome.
Arch Iran Med. 2013;16:507-512.

] \ . 34. NgPC, Tam BS, Lee CH, et al. A longitudinal study to estab-
12. ?Ol:mS(.)t?l R c(i) K.et(}elfe I:[ ?llow-tlﬁp s;udy ontpr.emgturg IE lish the normative value and to evaluate perinatal factors
;lnls Wll 121;3.‘/7\”7.9311926 nopathy of prematurity. Br] Op affecting intraocular pressure in preterm infants. Invest

13 O'Conmor AR, Steohenson TI. Tohnson A et al. Ch ; Ophthalmol Vis Sci. 2008;49:87-92.

' onnor AR, stephenson .]‘ ]o.nson , et al. Lhange o 35. Uva MG, Reibaldi M, Longo A, et al. Intraocular pressure and
refractive state and eye size in children of birth weight less central corneal thickness in premature and full-term new-
than 1701 g. Br ] Ophthalmol. 2006;90:456-460. borns. ] AAPOS 2011'15'367?369

14, Fledelius HC. Pre-term delivery and sub§ equent ocular 36. Spier(;r A, Hunzl\ R, Hi'rsh' A etal i\lormal intraocular pres-
development. A 7-10 year follow-up of children screened sure in premature infants. Am ] Ophthalmol. 1994;117:801-
1982-84 for ROP. 4) Oculometric - and other metric consid- 803 ’ ) e

15 Eratll:) IIIXSVClC)t? (;p}];thtzzlmt;) ! Sclz\a/lnd. " 1?98; 71{:301_337‘;'1 d 37.  Tucker SM, Enzenauer RW, Levin AV, et al. Corneal diameter,

- 00K A, 1te 5, batterbury M, et al. Lcular growth an axial length, and IOP in premature infants. Ophthalmology.
refractive error development in premature infants with or 1992:99:1296-1300
Wi.thOUt retinopathy of prematurity. Invest Ophthalmol Vis 38. Autzén T, Bjﬂrnstrﬂr.n L. Central corneal thickness in full-
Sci. 2008;49:5199-5207. term newborns. Acta Ophthalmol (Copenh). 1989;67:719-

16. Mohammadzadeh A, Derakhshan A, Ahmadshah E et al. 720
Prevalenc.e of Vls‘.lal Impairment in L.OW Birth Weight gnd 39.  Autzen T, Bjgrnstrgm L. Central corneal thickness in prema-
Normal Birth Weight School Age Children. Iran ] Pediatr ture babies. Acta Ophthalmol (Copenh). 1991;69:251-252.
2009;19:271-276. . . 40. Remon L, Cristébal JA, Castillo J, et al. Central and peripheral

17. Larsson EK, Rydberg AC, Holmstrom GE. A population-based corneal thickness in full-term newborns by ultrasonic pa-
study of the refractive outcome in 10-year-old preterm and chymetry. Invest Ophthalmol Vis Sci. 1992;33:3080-3083

18 gullitler-% Cllfnldrgré' %”ChGOphft hl\?llEIZm’)I%. 2303;1@11::113(){ 1‘{36' 41. Kirwan C, O’Keefe M, Fitzsimon S. Central corneal thickness

- >chaluetlos Ak, de Graal M, fretlers W et al Long and corneal pressure in premature infants. Acta Ophthalmol
term follow up of premature infants: detection of strabis- Scand. 2005:83:751-753
1;1(;1 ()S’()%nil.g};o;gé;nd refractive errors. Br J Ophthalmol. 42. Hittner HM, Rhodes LM, McPherson AR. Anterior segment

e ) ' abnormalities in cicatricial retinopathy of prematurity. Oph-
Rev Clin Med 2017; Vol 4 (No 3) 95

Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



Yazdani N et al.

43.

44.

45.

46.

47.

48.

96

thalmology. 1979;86:803-816.

Fledelius HC. Ophthalmic changes from age of 10 to 18
years. A longitudinal study of sequels to low birth weight.
II1. Ultrasound oculometry and keratometry of anterior eye
segment. Acta Ophthalmol (Copenh). 1982;60:393-402.
Gallo JE, Fagerholm P. Low-grade myopia in children with
regressed retinopathy of prematurity. Acta Ophthalmol (Co-
penh). 1993;71:519-523.

Brown AM, Yamamoto M. Visual acuity in newborn and
preterm infants measured with grating acuity cards. Am ]
Ophthalmol.1986;102:245-253.

Isenberg SJ, Apt L, McCarty ], et al. Development of tear-
ing in preterm and term neonates. Arch Ophthalmol.
1998;116:773-776.

Isenberg S], Molarte A, Vazquez M. The fixed and di-
lated pupils of premature neonates. Am ] Ophthalmol.
1990;110:168-171.

Heravian ], Daneshvar R, Dashti F, et al. Simultaneous pat-
tern visual evoked potential and pattern electroretinogram

49.

50.

51.

52.

53.

in strabismic and anisometropic amblyopia. Iran Red Cres-
cent Med J. 2011;13:21-26.

Birch DG, Birch EE, Hoffman DR, et al. Retinal development
in very-low-birth-weight infants fed diets differing in ome-
ga-3 fatty acids. Invest Ophthalmol Vis Sci. 1992;33:2365-
2376.

Taylor MJ, Menzies R, MacMillan L], et al. VEPs in normal
full-term and premature neonates: longitudinal versus
cross-sectional data. Electroencephalogr Clin Neurophysiol.
1987;68:20-27.

Heravian JS, Jenkins TC, Douthwaite WA. Binocular summa-
tion in visually evoked responses and visual acuity. Ophthal-
mic Physiol Opt. 1990;10:257-261.

Norcia AM, Tyler CW. Spatial frequency sweep VEP: visual
acuity during the first year of life. Vision Res. 1985;25:1399-
1408.

Pike MG, Holmstrom G, de Vries LS, et al. Patterns of visual
impairment associated with lesions of the preterm infant
brain. Dev Med Child Neurol. 1994;36:849-862.

Rev Clin Med 2017; Vol 4 (No 3)
Published by: Mashhad University of Medical Sciences (http://rcm.mums.ac.ir)



