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Abstract
Background and objective: Retinopathy of prematurity
(ROP) is a well-known complication of prematurity. However, the rates and prevalence of neurodevelopmental disabilities (NDD) among infants and children with a neonatal
diagnosis ROP are not well known, particularly in low, and
middle-income countries (LMIC).
Methods: We assessed the neurodevelopment, visual and
neurological outcomes among children with a diagnosis
of ROP referred to an ophthalmic center in India between
2014-2016. Neurodevelopmental status was assessed using skills inventory, for premature and primary school children who are blind and visually impaired. Visual and motor
coordination status was assessed using Buketencia Developmental Test of Visual Motor Integration.
Results: Among the 152 infants with an ROP diagnosis,
104 (68.4%) had NDDs and 48 (32.6%) did not. Visual outcomes were abnormal in 55/104 (52.9%), and normal in 49
(47.1%). The rates of NDDs and visual impairments were
highly correlated (p < 0.03), however, neither did the severity of ROP nor any neonatal variable correlated with NDDs.
The types of NDDs were cognitive delay (23%), motor delay
(24%), global delay (16%), speech delay (16%), and cerebral palsy (12%).
Summary: In this large cohort of ROP infants from India, we
found a high rate of NDDs. In nearly half of ROP infants who
had normal visual outcomes had NDDs.
Conclusion: Premature infants with a diagnosis of ROP are
at a high risk for developing NDDs, even when the visual
outcomes are normal. The association of NDDs in ROP may
have a common etiological basis, such as damage to the

vascular and neuronal pathways during maturation. Our
findings underscore the importance of ophthalmological and
neurological follow-up and to undertake studies to explore
the etiological basis for poor neurological and visual outcomes.

Abbreviations
ROP: Retinopathy of Prematurity, NDD: Neurodevelopmental Disabilities, LMIC: Low- and Middle-Income Countries,
BW: Birth Weight, ELBW: Extremely Low Birth Weight, GA:
Gestational Age, wks: Weeks

Introduction
Infants diagnosed as retinopathy of prematurity (ROP)
in the neonatal period remain at high risk for long-term
visual disabilities requiring regular screening and timely treatment. With the global improvement in neonatal
care the survival rate of premature infants is increasing,
so also in India. The increase in the incidence of ROP,
a complication among the survivors [1] is well known.
ROP is considered to be second most common cause for
blindness. According to global report of 2008 [2], ROP
is highly prevalent in all high, as well as in low and middle-income countries (LMICs) such as India and south
Asian countries. Blencowe [3] estimated that during the
years 2000-2009 nearly 20,000-30,000 children who developed ROP became blind or severe visually impaired
worldwide. ROP in premature infants is known to develop both visual impairment and neurodevelopmental
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21 incomplete
records
excluded

18 with No-ROP

Figure 1: Flow diagram of patients’ enrollment.

disabilities (NDDs). To understand the relationship of
ROP and NDD, we launched a prospective cohort study
in children with ROP referred for treatment and follow-up t at Aravind Eye Care System (AECS), Madurai,
India.
The objectives of this study were to assess the prevalence of NDDs in infants and children with a diagnosis
of ROP and explore whether existence of ROP increases
a risk for NDD. This may be useful for pediatricians the
importance of screening and early treatment with supportive care.

Background
Aravind Eye Care System (AECS), Madurai, in the
state of Tamil Nadu, India provides tertiary level of ophthalmic care for a population of 3 million people, in the
District of Madurai. AECS, a post-graduate teaching and
training institution in ophthalmology, conducts training
and research opportunities for national and international students, and scholars. The center evaluates and
treats nearly 400 children with ROP annually and has a
program for long-term follow up for visual outcome and
rehabilitation.

Methods
The investigator (NB) from University of Illinois at
Chicago and an investigator from AECS (VP) initiated
the collaborative study of neurodevelopmental assessment of children with ROP. Study was approved
by the institutional review board of AECS. The study
cohort included children referred to AECS for evaluation of ROP by pediatricians as well as parents. For
this study, parents of 200 children born between
2009-2015 followed at AECS were contacted by
phone or by mail. Parents were informed about the
objectives of the study and written consent was obBeligere et al. Int J Ophthalmol Clin Res 2020, 7:114

tained for NDD. Most mothers had at least 12th standard education.
The primary inclusion criteria for this study was the
diagnosis of ROP at the time of referral. Children with
congenital malformation, genetic conditions and having, or neurological problems associated with, and IVH
were excluded from the study.
The medical records of 191/200 infants and toddlers
were retrieved, from available AECS. Nine records were
unavailable due to parental concerns. 170 records were
reviewed for detailed patient information of perinatal and neonatal history provided in the referral documents. 152 children had ROP and 18 had no ROP by
visual examination (Figure 1).
The age of the infants at the time of referral for ocular examination by a pediatric ophthalmologist and
vitreoretinal surgeons, were also recorded. Diagnosis of
ROP stages according to the International classification
[4] was recorded. Follow-up of ophthalmic evaluation
was done on a weekly basis until a resolution was noted. The nature of ROP treatment (laser surgical management and/or Bevacizumab, Avastin) and ensuing
complications, if any, were also recorded. The components of the follow-up ophthalmic evaluation included
an estimation of the visual acuity, refractive errors; a
need for further correction with corrective lenses; and
intra-ocular pressure. Children were followed in the
special clinic (the low-vision clinic) of the AECS for visual
rehabilitation.
Comprehensive neurodevelopmental evaluation was
performed by a developmental pediatrician (NB). Besides physical neurological examination, neurodevelopment was assessed using the specific tools known
as the Skills Inventory, Oregon Project for Preschool
and Primary School Children, who are Blind or visual• Page 2 of 9 •
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ly impaired 6th edition [5]. The skills inventory comprised of functional evaluation of cognitive, gross
motor, and fine motor, language and social and selfhelp skills, of children between the ages of 2 months
6½ years. Standardized scores were used to classify
mild, moderate and severe neurodevelopmental disability. The developmental outcome was classified
according to the assessment scores; normal when the
scores were > 85, mild when the scores were between
75-84; moderate when the scores were70-74; and
severe when the scores were < 69. Comprehensive
Neurological evaluation was performed whenever severe delay was diagnosed. A diagnosis of cerebral palsy was made when the neurological assessment was
abnormal in presence of hemiplegia, quadriplegia,
diplegia, monoplegia, and/or athetotic movements.
Children over 3 years of age were assessed for coordination defects and depth perception by VMI Test
of Visual-Motor Integration, (VMI Test 2006 edition)
[6] When indicated, children were recommended to
receive the specialized therapeutic intervention in
speech hearing, physical, and mental disability.

lyzed by using Texas Instrument software STATA 11.1
(Texas USA). Mean and standard deviation, frequency,
percentage were used to describe the summary data.
Pearson Chi-square test or Fisher exact test was used
to assess the association between the categorical variables. Wilcox test was used for non-parametric values.
Both tests provided consistent results through out. Univariate analysis of association of NDD, with reference to
GA, BW and perinatal variables did not show any significance.

Results

Data Analysis

One hundred and ninety-one children referred
for confirming the diagnosis of ROP were enrolled
for neuro developmental assessment during January 2014-March 2016. Consents were available for
170/191 children, in whom we completed all evaluations. Twenty-one infants with incomplete records
were excluded from further analyses. Thus, we had
152 children with the diagnosis of ROP, and 18 children who did not have ROP but were followed in the
eye clinic for other ophthalmic reasons (Figure 1). The
baseline characteristics of BW and GA and Perinatal
variables of the 152 infants are provided in Table 1.

The clinical, ophthalmic and developmental data was
stored on computer for later analysis. Data were ana-

Forty nine percent were born vaginally and 51 percent by c section. 57 % were males and 43% females.

Table 1: Neurological outcome in relation to GA and BW and perinatal variables.
Variables

Developmental Outcome NDD Normal

NDD Abnormal

Total

All Infants (152)

48

104

Males (86)

24

62

86

Females (66)

24

42

66

< 1 yr (15)

5

10

1-2 yrs (48)

14

34

2-3 yrs (40)

10

30

3-4 Yrs (27)

12

15

4-5 yrs (10)

2

8

> 5 yrs (12)

5

7

< 2 yrs (63)

19

44

> 2 yrs (89)

29

60

p-value

152

Gender
0.266

Ages < 1-> 5 yrs (152)

GA in wks (152)

0.751

152

25-28 wks (23)

8

15

23

29-32 wks (70)

19

51

70

33-35 wks (45)

16

29

45

> 35 wks (14)

5

9

14
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GA < 32 wks (93)

27

66

93

GA > 32 wks (59)

21

38

59

BW < 1500 g (89)

27

62

89

BW > 1500-2500 g (63)

21

42

63

Pregnancy complications ( )

0.396

0.695

152

Yes (113)

27

66

113

No (39)

9

30

39

Singletons (97)

31

66

97

Multiple (55)

17

38

55

CS (77)

26

51

77

NSVD (75)

22

53

75

Birth Type

152
0.894

Mode of Delivery

RDS

0.557

129

Yes (129)

40

89

129

No (23)

8

15

23

RDS, and O2 therapy plus
assisted ventilation

0.72

152

Yes (115)

35

80

115

no

13

24

37

Severe Neurologic deficits

0.593

0.506

Yes (10)

2

8

10

No (142)

46

96

142

Seizures yes (44)

9

35

44

No Seizures

46

69

98

MRI

0.060

152

Yes (11)

0

11

11

NO (141)

48

93

141

0.017

Table 2: Neurologic outcome and Visual outcome in relation to treatment.
Visual Outcome

NO NDD
Normal development

ANY NDD Developmental
outcome

Visual impairment

Total

p-value

152

Yes

13

55

68

no

35

49

84

Laser treatment

152

yes

37

68

105

No

11

36

47

Laser + Bevacizumab treatment

0.003

0.0243

25

Yes

11

14

25

No

37

90

127
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Gestational age (GA) ranged from 25-40 wks. With median of 32 wks. Ninety-three children were < 32 wks. 59
children were > 32 wks. Birth weight ranged, from 545
g-2915 g with median BW of 1420 g. 59% [89n] of the
children were < 1500 g, 58 [39%] were > 1500 g-2500 g,
only 4n [3%] children were > 2500 g. 63.8% [97n] were
singletons, 30.9% [47n] were twins, and 5.3% [8n] triplets. 85% [129n] of infants had diagnosis of RDS.76.3%
[116n] of them received O2 therapy and required ventilation. Surfactant was used in 16.5% [25n] children
28.9% [44n] had a history of seizures. EEG abnormality
was noted in 9.9% [15n], MRI was performed in 7.2%
[11n] of the ventilated infants. The length of hospital
stays ranged from 5-90 days with median of 23 days.
Univariate analysis of association of NDD with perinatal
variables of GA, BW, RDS, Apgar score, mode of delivery
O2 inhalation did not show any statistical significance.
Table 2 includes, ROP treatment with laser surgery in
64% [194 n] eyes, and 14.9% [45n] with laser and bevacizumab. The Visual outcome and NDD outcome are
also included. Poor Visual outcome was associated with
poor developmental outcome.

[45] were treated with laser surgery as well as bevacizumab (Avastin). Among infants with normal visual outcomes (with corrective lenses) 58.3% [49] were found
to have abnormal neurodevelopment. These were mild
to moderate NDD. Two children with unilateral ROP had
normal neurological development.

Neurodevelopmental outcomes in children with
ROP

The nature of NDDs varied, in children with corrected vision. 81% had visual motor coordination and depth
perception, defects. When we analyzed the Visually impaired children with developmental outcome visually
impaired children had significant abnormality. The association of visual outcome to developmental outcome
was significant (p < 0.003) Table 4.

Neurodevelopmental assessment was done in 152
children. Age at assessment ranged from 3 months to
105 months with median age of 28.5 months. Neurodevelopmental abnormalities were found in 104 (68.4%)
children and no neurological abnormalities were diagnosed in 31.6% [48]. Among those with NDDs, 24.3%
[37n] children had mild delay, 14.5% [22] children had
moderate delay and 29.6% [45n] had severe delay.
Among the children who had seizures, 80% [35] had abnormal neurodevelopment. All 11 Children with abnormality of MRI findings during follow up, were found to
have developmental abnormalities.
Bilateral ROP was diagnosed in 150 infants (300eyes)
and 2 had unilateral ROP. One-hundred ninety eyes 64%
[194] eyes were treated with laser surgery and 14.9%

Seventy-four children who were between the ages
of 30 to 60 months, were also evaluated for Visual Motor Integration test (VMI). We found 34 (50%) of them
to have visual impairment with coordination defect and
depth perception abnormalities which interfered with
developmental outcome.
Among 126 infants with ROP stages 1, 2, and 3 we
found 34.9% [44] with abnormal visual outcomes,
whereas 23 of 24 infants with ROP stages 4 or greater
had abnormal visual outcome. There was no significant
association between the Stages of ROP and NDD (p =
0.079). But there was significant association of ROP with
Visual outcome (p < 0.001) Table 3. Only 47% of the children who had refractive errors were treated with corrective lenses.

Neurologic outcome with ROP and without ROP
(Table 5)
Neurologic Abnormality with ROP: Major neurodevelopmental abnormal findings is shown in the Table 5. Neurologic impairments included cerebral palsy
11.5% [12n], cognitive impairment 23.1% [24n], motor
delay in 23% [24] and global delay 15.3% [16n] speech
impairment, 15.3% [16n] and hearing difficulties. Social, emotional and self-help skills were delayed in
most children.

Table 3: ROP stages and visual outcome.
ROP stage

Visual outcome

Stage 1, 2, 3 & APROP

Normal

Abnormal

65.1% [82]

34.9% [44]

Total

p-value

126

< 0.001

Stage 4 & 5

4.2% [1]

95.8% [23]

24

Total

83

67

152

-

Number of children in each group is shown in [ ]
Table 4: Visual impairment and Developmental outcome.
Visually impaired

Developmental outcome

Total

p-value
0.003

Normal

Abnormal

Yes

13 (19.1)

55 (80.9)

68

No

35 (41.7)

49 (58.3)

84

Total

48

104

152
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Table 5: Neuro Developmental Disabilities in ROP and No-ROP.
Group

CP

Motor delay

Cognitive delay

Global delay

Speech

Hearing

Blind

ROP [104]

12% [12]

23% [24]

22.1% [23]

15.3% [16]

15.3% [16]

3.8% [4]

8.6% [9]

NO-ROP [15]

6.6% [1]

_

33.0% [5]

6.6% [1]

26.6% [4]

13.3% [2]

13.3% [2]

Number of children in Each group is shown in [ ]

Neurodevelopmental outcomes in children with
no ROP: Table 5
There were 18 children with no-ROP. Birth weight
ranged from 500 g to 1500 g, GA ranged from 25-34
weeks. All were treated for RDS and ventilated. Of these
72.2% children developed visual impairment, 2 were
blind. Visual impairment was due to causes other than
ROP. In this group of children evaluation showed normal vision and development only in 17% [3n]. Rest 83%
[15n] were noted to have neurodevelopmental abnormalities. The disabilities were mild delay in 62%, moderate delay in 11%. Severe deficit with cerebral palsy in
6.6%[1n] and global delay in 6.6% [1n], cognitive delay
in 33.0% [5n], speech delay in 26.6% [4n] and hearing
impairment in 13.3% [2n] and Blindness in 13.3%% [2n]
were noted.

Discussion
It is increasingly recognized that ROP is an emerging problem with increasing survival rates for preterm
infant world over, including LMICs [1-3]. The early eye
health screening and treatment of premature infants
are lacking in LMICs due to poor socioeconomic conditions and lack of public awareness, which is similar
to the reports of Vartanian [7] even in high-income
countries such as US. In spite of these deficiencies,
there are several reports on the incidence of ROP
from LMICs [2,3]. In addition to visual impairments,
infants with ROP are prone to develop neurodevelopmental delays [3] which is not well known in LMICs.
Gilbert, et al. in 1997 evaluated 4121 children in blind
schools from 23 LMIC countries for visual acuity [1].
They found that ROP was one of the main etiologies for
blindness. A later study they concluded that prevalence
of ROP depends on neonatal mortality rates (NMR) [2].
Bas AY, et al. [8] reported ROP incidence from 49 neonatal ICUs in Turkey. ROP of any stage was noted in 56% of
< 1000 g, and 14.5% in infants of 1500-2000 g. Incidence
of severe ROP was in 8% of infants with < 1500 g BW,
and 0.6% in infants > 1500 g. In a later study of 69 NICUs
[9] they found ROP of some stage in 81% of infants < 32
wks. GA vs. 19% in > 32 wk GA group. The study shows
that more mature infants were also at risk of developing
ROP in their population.
Several investigators from India also reported similar
incidence in respective study populations. Rekha, et al.
[10] reported the incidence of ROP in 73% in < 1000 g,
60% in GA < 32 wks. Recent data from India show much
lower rates of ROP. Choudhry, et al. [11] reported 22%
Beligere et al. Int J Ophthalmol Clin Res 2020, 7:114

ROP in < 1500 g infants and no ROP was found in > 2000
g Babies. Vinekar, et al. [12] evaluated ROP in 12502750 g infants and found 45% of those had threshold
ROP. A recent study by Maheshwari, et al. [13] reported
incidence of ROP as 18.4% in < 1750 g. ROP was found
in both decreasing birth weight as well as in larger birth
weight. ROP in decreasing in lower birth weight suggested improved survival, neonatal and perinatal care.
Most reports of ROP [14-17] described primarily the
pathologic changes in retina which leads to myopia with
age. Cook, et al. [14] Choi, et al. [15] showed that myopia in ROP is the result of decrease in the depth of anterior chamber and high refractive power of the lens. The
observed degree of myopia increased from 6 months to
3 yrs of age, with no increase between 3 to 6 years, Tasman, et al. also [16] reported that myopia associated
with ROP continues to be a problem into adult life. Kaur,
et al. [17] found 75% of refractive errors were due to
severe ROP in > 1700 g after laser surgery. In spite of the
structural correction, 6% of children have unexplained
visual deficiency. Visual acuity may be the determining
factor for functional outcome. We found that children
with visual correction also found to have NDD. In our
study the Stage of ROP to visual outcome was significant
(< 0.001) Table 3.
Kaminar, et al. [18] first recognized the relationship
of visual impairment as detrimental to child’s development and learning ability. Msall [19] reported NDD in
institutionalized infants who were < 1250 g BW at 5.5
years of age with threshold ROP treated with cryotherapy. They found severe NDD and cognitive disability in
75% with poor visual acuity compared to children with
better visual acuity even in one eye (p < 0.001). Cooke,
et al. [20] reported neurodevelopmental abnormalities,
in ROP children < 32 wk GA. Visual impairments were associated with NDD with significant motor and cognitive
delay, very low verbal IQ at 7 years of age. They concluded that these abnormalities may be due to abnormal
cortical development rather than prenatally acquired
insult. Schmidt, et al. [21] studied 910 surviving ELBW
infants born between the 1996-98, using discharge ultrasound, and the discharge diagnosis of BPD, NEC and
ROP. Risk of death or neuro developmental disability
was higher at 18 months of age in ROP children. Later
study Schmidt, et al. [22] found that severe ROP children at five years age had four times higher neurodevelopmental disabilities. They attributed cognitive delay
to maternal race. Laverson, et al. [23] reported studies
from Norway and concluded that the NDD outcome in
22-27 wk GA and 500-999 g BW was based on the ma• Page 6 of 9 •

ISSN: 2378-346X

DOI: 10.23937/2378-346X/1410114

ternal and neonatal factors. Blencowe, et al. [3] in an
analysis of 10 studies reported association of ROP and
NDD found, 55% of visually affected ROP infants had
NDD. Goyen [24] described the finer motor coordination defects in children with ROP. VMI test revealed that
these children had lower scores compared to children
without ROP regardless of stage of ROP. We also report
similar findings with Visual Motor coordination defects.
We [25] previously reported that the disabilities
were higher with severe ROP in Zone-1 involvement.
Association of visual impairment to NDD was significant
(p < 0.006). The study showed that when degree of ROP
was greater than stage-3, involving Zone-1, severity of
the NDD was 89.5%, when Zone-3 was affected NDD
was 42.1% and when zone-2 was affected neurodevelopmental abnormality was in 69.4% (p- < 0.007). Children with ROP, in spite of visual correction were found
to have difficulties with visual motor coordination and
depth perception. These defects are hindrance to learning in school, limiting the environmental experience for
children. This suggests ROP in premature children, continued to be a factor for neurodevelopment abnormality, regardless of early treatment.
The observed association of NDD in ROP children
can be further explained based on white matter maturational changes. Glass, et al. [26] studied the relationship of white matter maturation with developmental outcome in infants born at 24-28 wk GA, with
severe ROP and infants who had no ROP. White matter maturation was assessed by mean fractional anisotropy (FA) using MRI in seven predefined regions
at 7 years of age, found that severe ROP was associated with poor posterior optic radiation in both internal
and external capsule. They found lower cognitive and
motor scores in severe ROP. Sveinsdottir, et al. [27]
showed reduced brain volume and impaired development in any stage of ROP. They concluded that there
is a common neuronal pathway of neuronal and neurovascular development in the brain as well as retina,
which might explain the association of ROP and NDD.
Rainey, et al. [28] observed that. The low vision in
children with ROP affects not only the visual development but also the physical, psychosocial social development. Children with ROP also have difficulty in postural
awareness, movements of hand -eye coordination. They
also have difficulty in understanding the meaning of the
words thus affecting the social skills and poor self-help.
Further these children develop limited peer relationship
and develop ambivalent attachment since they are not
able to recognize visual cues or facial expression of others. The interaction is limited. Similar studies by Tadic,
et al. [29] reported living with visual impairment affects
social relationship, peer acceptance, and functioning in
school. At home it affects I and autonomy. They were
also concerned about inadequate family support, burden of living with disability, restrictions and emotions.
Beligere et al. Int J Ophthalmol Clin Res 2020, 7:114

These issues become more apparent as the child grows
into adolescence and adult hood.
Some investigator studied [30-32] the infants treated surgically or with bevacizumab. Morin [30] found
higher incidence of NDD who received bevacizumab.
However, Kennedy, et al. [31] and Lein, et al. [32] found
no adverse effect of treatment with bevacizumab but
found combination therapy had a poor outcome.
In our study 90% of the children treated with bevacizumab were diagnosed to have abnormal development. Although some vision may have been preserved
in children who received bevacizumab as rescue therapy, they had poorer neurodevelopmental functional
outcome. These varying observations underscore the
need for more follow up studies in premature survivors
with ROP.

Summary
This is the first study of neuro developmental disabilities of large number of children with ROP reported
from a single center in India a LMIC. In this study population ROP was seen even in infants > 1500 gm BW and
> 32 wks GA, unlike reports from other developed countries. Treatment of ROP included laser and Bevacizumab
therapy. In spite of corrective surgery, even those who
had visual correction revealed Visio motor and depth
perception abnormalities. Neuro developmental disabilities were found in 68.4% of ROP affected children.
NDD included blindness, cerebral palsy, cognitive, motor, speech and hearing disabilities. Visual impairment
was associated with NDD was statistically significant in
particular cognitive disability.

Conclusion
Our study shows that NDDs usually associated with
prematurity are further affected by the visual impairments caused by ROP. These findings underscore the
importance of prevention of ROP, not only to prevent
blindness and visual impairment but also to prevent
NDDs. The study emphasizes for pediatricians, to early
screening of ROP, and to recognize neurodevelopmental deficiencies and initiate interventional therapy.
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